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A captive breeding progeam of tho Siamase Marrow-headed Sofistiell Turthe,
Chiltt chiter Nutphand, 1686, the workl's largest softsholl turle and o erilicaily
andangered spocles, was conductod al Kanchanaburi Intand  Flshsres Resaamnh and
Developmant Centor, Kanchanaburl Provines; €. chitra laid eggs rem Fabruary through
Apnl in-aniflalal sandbonks. Each female prediced up 1o 4 dutchesiyvaar with 4084
agouieiuteh. Egy slees {n=ﬁ?ﬂ} wre 1840 15 mm in widih, 33164154 min In hisrthy
and 19004167 g fh walght. The mean incubation time of C. chitra’ egge was 5943 days
(n = 265) with & mnge of 5588 days ot 2442 °C air tomperature and 24-30 C sand
lemparature.  Hatehling sizes (n=247) were 30464152 mm In campaca  width,
A2ATH1.58 mim in carapacs langth and 13104103 g In welght, The hatching succoss
i much Gluteh varid from 3 to 94 %, The hatchiings were fed with Iry fishes of Labeo
tahitn and Qrocehromis niloticus. After 14 weeks, the mean hatchiing slzo wiis
BETOAS T mim N carapace widih, 724576 mm I campace Tength  and
TO3.87019.08 ¢ In weighl, The strvival mte of jivenlies was 50,64%,

Marphemetne somparisons of skulls and carapaces of C. chilia and €, ndica,
based on 27 skull rmatte chamatars and 53 campace ratio charactars, showad thal thers
were clear osteclogical differénces between Indlan and Thal forms, The magnitude of
the variation supports the amument that Thal snimals warrant spatiflc status,

The eggsholl structure of wild €. chitta was studied, Tho result of SEM showed
that the eggshell had lhise tayers; an ooter calcareous shieet, o middle crystaling ayor
and an [nner fibrous lyer, The eqgshall were composed of oxygen (52.98+44.81%),
carbon  (A500F917YH), magnesium | (S5500,34%), calcim (53747 169, silles
(287+1.64%), sluminum  (280+1.07%), potassium  (DATH01%)  and  sodiom
(0.74+0:3%), The eggshiall was tha araganite form of Catity,,

This study confirma that C, chitra still exists in the Mas Klong and Chao Fhraye
Fver systams but is very rare. Ancther species, C, burmanica Jaruthanin, 2002 ar C.
vandiiki McCord & Pritehard, 2002, was found in the Salween river syalem during the
survay. A new resord of C. chitra In the Maee Ping River was also reporied i this sludy.
Due o the rapid decline of the natural population of ‘C. chitra, tha canssrvation
managamesnt i3 urgently noodad.
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Chapter 1

Introduction

The Siamese Narrow-headed Softshell lurtle, Chitra chitra Nutphand,
1886 is ona of the five native softshell turtles in Thailand  Its numbers have
decraased rapidly In recent decades. o the year 2000, The International
Linion for the Conservalion of Nature and Nalural Resources {[LIGN) listed C
chifra as a Crtically Endangered Spectes (CR) {Hiltan-Taylor, 2000) The main
causes of ts endangerment may ba mainly related o the construction of Lhe
Valiralongkorn,  Sneoagannd  and  Mae  Kleng  Dams  that  changod  he
ovronment of the Kwee Nol, Kwae Yal and Mae Klong Rivers, respectively,
and fo s expledation for food consumption and the pet trade. This critlcally
andangersd specles has beon protected under the Wild Amimals Reserdation
and Protection Act BUE. 2635 (WARPA) but it was not protecied by the World
Consarvation Monllerng Cenlre, 1998 (CITES),  To date, knowledge of its
Blodogy and ceolegy 8 very Incomplete. Theratore, the focus of this study s o
Biclogy 0 caplivity.  Knowledge gained In (his study will provide  usetol
information which can be applied loward the successiul captive breetding,
hatchlings rearng, reintroduction, reestablishment and long term conservation

ol this species In Thailand,

Objeciives

distribulion  range, population slatus, habitat characteristics, breading

season and nesting site characiaristics,
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2, To study the breeding biology of C. chifra In captivity including: mating
and eqo-faying ‘actvifies, clulch size, ego size, incubation time, hatching
success and growih and survival rate of hatchlings

Anticipated benefit

The knowledge of Ihe natural history and biclogy of C. chitra can

provide useful informalion for the conservation and management of this
criically endangered spacies In the ulure,



Chapter 2

Literature Review

Turtles (Tesiudines) are repliles, armorad with shall above and below,
and capable of withdrawing the nead, neck, limbs, and tails elther partially or
Tully within the armor. No other letrapod has a bony shill thal encloses both
the pectoral and pelvic girdles: The upper shall, tha carapace, is farmed from
lusion ol the eight trunk verdsbras and ribs to an ovarlying sal of dermal
bones; the lower shell, the plagtron, arises from the fusicn of parts of the
sternum and pectoral girdle with axternal dermal bones, The shell is robust 19
somi taxa, such ac n torloises and mud turfies, with only small epaninga for
the hnad and appendages. In other tuiles, such as lsatherback soa lurlles
and softshell turtles, the shell is lightly bulll and has jost or reduced bony
alemants. The neck, whether long or shorl, is oxtramaly flexible and consists
of aight cervical vertabras In all turtles, Extant turfes are divided into wo
cladies based on Ihe movement or relraction pattern of the neck. The
Pleurtdica or sideneck turlles retract the head and neck by laying it o the
siche; thus, the sides of the neck anid head are exposed in the gap betwesn
e carapace and plastron, The Cryplodira or Mdden-meok lurfles retract the
neck postarorly into @ medial slot within the body cavity; 1he neck forms a
vartical S-shape when viewed |aterally, and only the fip of the nose is
exposed between the shielding farearms. |n spite of the different mechanics of
neck retraction, the structure of the cervieal vertebran in the two groups is
vary similar (Zug et al., 2001),

The turtle shell is composed of dermal bony elements thal sre coverad
externally by kemafinous scutes or, In a few instances, leathery skin
(Trionychidae, Dermochelyidas, Carsttochelyidae). The scutes do not have the
same pattem as the underlying bony elements, and the misalignment of



sulures in the bany and keratinous portiens of the shell adds strength to the
strueture (Pough, 2007),

All lurlles are oviparous, The number of eggs deposited by females of
different specias ranges from ane to more lhan a hundred, The number of
eqgs - In @ clutch is generally posillvely associated with female size; small
lurtles lay ene or wWo eggs and larger urtles lay a dozen or more. Most turtles
possess a stereotyple nest-digging behavior, Egg chambers are dug with the
hindlimbs, which werk altermately o scoop oul a flask-shaped chambar as
deep as (he hindimbs can reach, Fertilizatlon Is intemal and, because (he
shell surrounds the body |n both sexes, copulation can be hazardous to the
male, who must balance his plastron on top of the female’s carapace. Malas
of many specles have a slighlly cancave plastron lo lacllitale maling (Zug e
al,, 2001},

The: softsholls of the Tamily Trionychidao are a group of wrtles (hat lack
apldarmal laminas and thoir bony shell Is somewhal reduced. The shell is low,
usually nemily cireular In oulling, and covared with a leathery skin, The neck is
leng and rotractile, e lips are feshy (not covered with a harmy beak as in
other wrtles), and (e snout s drawn Into a lleshy probosols with the nostrils
at the tip. The imbs are paddielike, with throe claws an each fool {Goln and
Gon, 1962),

Soltshell turtles are one of the most anciant of living families. having a
fossll record extending at least as far back as the Cretacoous. Even
fragmantary ramains can usually be assigned to this family since the bones of
poth. carapace and plastron are usually heavily pitted i a charactenstic fasion,
Early representative include the genus Plastomenus, known frem sbout
eleven species from the Cretaceous and Eocene of North Amerlcs, with a
single newly-discovered form (P. miynarskii) from the Eocens of castern
Kazakhstan (Pritchard, 1979). While Emst and Barbour (1889) state that



softshells’ tossi| record indicates they were previously more Widespread, once
accurning in Europe: and South Amarica. The oldest knewn fos=il trionyehid |s
sinaspiderstes wimani, which datos possibly from the Late Jurassic,

Thera are more than 285 trtle species world wida (Zug st al,, 2001),
Modarn Softshell furtles are found in North America, Afrca, southsm and
eastern Asia, and the East Indiés to New Guinea (Figure 2.1). There are 23
species world wide, nine species are found in Southeast Asia (lversan, 1882)
Seemathong and Thirakhupt (1884) recorded thal there are va nathve
spacies, Amyda carilagings, Dogania subplana, Lissemys sculala, Pelochulys
cantofll, Chilta chitra, and one Introduced specios, Pelodiscus sinansis, in
Thaltand

Figure 2,1 Distribullon of sotshell turtles in the werld (after Pough, 2001

A diagnosis of Genus Chilra was provided by Taylar (1570) who found
that tha orbits are very close to each other (the distance between them is
aboul half their diameters). The skull is narrow and Its length 1= twice that of
its width, The outer part of the nuchal plate overlies the second dorsal rib: 8
neural plates form a continuous series: 8 costal scales are on sach side and
the last pair madially in contact. Hyoplastron and hypoplastron are distint
fram =ach other. A pesl orbital arch is about double the diameter of the orbit;
the posterior border of pterygoid is free, without an ascending process.



Thera are 3 species currantly recognized, Chitra Indica Gray, 1831,

Chitra chilra Mutphand, 1986, and Chia burmanica Janthanin,d 2005 o

Chitra vandilki McCord & Prilchiard, 2002, in this genus, The distributicn of the

Genus Chitra s widespread across southern Asla (ocouming In the rivers
Indus, Ganga, Godavar, Padma, Mahanadl, and Colercan, as well as |n
Paklstan, Mepal, India and Bangladesh) and Southeast Asia (Myanmir,
Thalland, Malaysia and Indonesia) (Liat and Das, 1699},

Smith {1831} and Taylor (1970) recorded  Chitra sp. 0 Thafland as
Lihiira Indles. I 1986, It was described as a now species, Chitra chilra, by
Nutphand, He stated that it was probably the largest sofighell turle in the
world and was known enly from the Mae Kleng rver (Ratbur Frovinca), and
Khwae Mol and Khwae Yal Rlvers (Kanchanaburl Provines), Thelr dimensions
coultt reach or excestd 110 om In carapace widih, 140 em In carapece length,
150 kg in welght, and females could tay clulches of BO-100 eggs. G chitra
has many dark stipes on & yallow-trown carmpace -and neck wilth white
plastran. (Nutphand, 1990), More recenlly Chitra poputations in Malaysla and
weglern Indonasia hive been considored o represent thin Specles also
(MeGord and Pritchard, 2002),

In Thailand, Chitra chitra oceurs only in broad, deep sections ol Ihe
Mae Klong Basin, from the Vajiralongkom (formerly called Khao Laem) and
Srinagarind Reservoirs to Ratbur Province and the Mae Ping River, boll
Lipper and lower Bhumipol Dam (Kitimasak and Thirakhupt, 2002). C. chitra is
‘severely threalened hore by hunling, water pollution, reservoir construction
and other forms of habital dastriction and alierstion {Thirakhupt and van Dijk,
1994},

in 2000, The intemational Union for the Conservation of Nature and
Natural Resources (IUCN) listed C. chitra as one of 27 Critically Endangerad



Species (CR) of lurtles In the word (Hilton-Taylor, 2000), Its status is
classified from the criteria CR Aled, B1+2¢ as below:
CR; A taxon is Critically Endangered when it is facing an extremely
high risk of extinction In the wild In the immediate future, as defined by
any of the following criteria:
Aled, Population reduction in the form of sither of (he:
1l An cbserved, estimaled, Inferred or suspected
reduction of at least 80% over the last 10 yvears ar lhres
generalions, whichever is the longer, based on (and
specifying) altter
;. a decline i arsa of occupancy, extent of
cceumence andlor qualily of habitat ; or
di sctunl or polential levols of exploitation

Taschachareonsukohara (1891) dissectod a dead femalo €. chitra on
15 March 1880, This famale contsingd 97 white hardshell sggs and 270
enlarged follicles, Eggs were incubaled In a glass-box at 25-35 ”E:.. and Bo-
100 % relative humidity. The incubation perod was 62 days. The mean of
hatehling carapace length was 45 cm and 4.0:4.2 em carapace widih,
Hatehling groups, ten per graup, were ralsed |n B0 um diameter tanks, with 5
£.om watier depth-and withoul sand atl he bottom, Within ten days, many baby
softshell turtles wera injured by their kin. There were 50 % which survivad,



Chapter 3

Morphometric Comparisons of the Skull and Carapace of
Chitra chitra Nutphand, 1986 and Chitra indlca (Gray, 1831)

(Testudines; Trionychidae)

Abstract

Skull and carapace measurements were compared batwesn Chitra
indica of the Indian Subcontinent and Chitrg chitta of Thaltand  using
tiscrimimant analysis. Based upon 27 shull ratio characters from 6 skulls of G,
indlca and 9 skulls of C, chitra and 53 carapace mllo charactars rom 6
carapaces ol L. Indica and 10 carapaces of C. chitra eampared, these
anahyses Indicata that there are clear osteslogical dilferénces bolwesn Indlan
and Thal forms. Tho magnitude of the varation displayed by these analyses
supports the argument thal Thal animals warrant spacilic stalua,

Key words: Chilra  chitra, Chitra  indice, Morphometric  Gomparisan,

Riserimingnt Analysts, Skull, Carapace



Introduction

The Siamese Narow-headed scftshell turle of the Maa Klong fver
system of Westem Thalland, probably the: largest softshall in the world
(Pritchard, 2001}, was long recognized as anly & disjuncl population of Ihe
Indian subcontinent species, Chitra indica (Nutphand, 1979, Smith, 1931: and
Tayler, 1970). Mora recently, Nutphand (1888) In a magazine arficle described
the population Inhabiting Thaitand as a new species, Chitra chilra, based
solaly on ks golor, shipe pattem and larger adult sizeé - all characlers which
he believed separated It from €. indica of ihe Indian subcontingnt. Thirakhugt
and van Dijk (1994} and van Dijk and Thirakhupt (1895) lent support to (s
designalion by referring fo s animal as C. ¢hitra in their sccounte of lis
stalus and conservation regquirements in their reviews of the divarsily and
conservalion of the turlles of western Thalland, (. chitrm has since boén
designated as a Critically Endangered Specias. (CR) by [UCN (1896), bul s
specilics  status  remolns  controversial, To  furlher clarity the |eval ol
differentiation between Indian and  Thel Chitra, an array of osteclogical
characteristios of the skull and carapace of both taxa were examined and
analysed, The results of lhese comparisons and thelr signiflcance  are
provided bedow,

Materlals and Methods

Specimens of C, chitra and €. indica wera examined at BNHM (The
Natural Histery Museum, London), MCZ (Museum of Comparative Zoclogy,
Harvard University), FMNH (The Field Museum, Chicaga) and CUB MZ
(Chulalongkorm University Bangkok, Museum of Zoology) (table 2.1).



Table 3.9 Specimen lypas,

coliectors of Chitra spacimens (1 this study,

[

lcealities, Catalog numbers, museums and

| Mo, | Specimen Localities Catalog Number | Musaum Collectors 1
- lypa
| | carapaca Thailsnd | 1974 2451 NHM | M, A, Smiith
2| skull, Thailand | 1962.12,16,1 NHM | M. A, Smith
CATAPACH
4 skl India 85.2.1.1 M -
carapace
A | skl Inedia NHM | Falcones
5 | akull, Irvchi 87.3.30.11 NHM | W, Theohald
CAIERAGE
8 | skul, ndia | 1984,1276 NHM | Relhshig
carapnce
1| sk, Thalland | 29486 MCZ | M. A Smith
carapace
8 | skul Thalland | 20487 MCZ | M, A, Smith
B | carapace Thalland | 28488 MCZ | M, A Smith i
10 | skull india : MCZ i
carapace
11 | carapace India 224234 FMNH | E.O. Moll
12 | skull, ndia | 224208 FMNH | E O Mall
carapace
13 | camapace Thalland - 1984 - 4 =211 CUBMZ ; Thirakhupt i
14 | sxul, Thailand | CUBMZ R 2001.10 | CUBMZ | Thirskhupt &
carapace Kiimasak
15 | skull, Thalland | CUBMZ R 2001.11 | GUBMZ | Thirakhupta |
carapace itimasak




Table 3.1 (contihuesd). Speciman types, Incalities, catalog numbers, museums
and collectors of Chilrs spacimens in this study,

No. | Specimen | Localiis | Catalog Number | Museum |  Collectore
type
_1E skull, Thaitand | GUBMZ R 200112 | CUBMZ Thirakhupt &
CArapacs Kilimasak
17 | shul, Thaelland | CUBMZ R 200113 | CUBMZ Thirakiupi
Calapace
18 | skull Thalland | GUBMZ R 2001.14 | CUBMZ | Thicsknupt &
Kiimasak
19 | wkull, Thailand | CUBMZ R 200115 | CUBMZ | Thirakaupt &
CArapace Kilimasalk
% |carapace | Thalland | GUBMZ R 200116 | CUBMZ | Thimkoupt

Six skults and & corapates of 7 adull C. Indica and 9 skulls and 10

carapacas of 13 adull ©. chitra were examined. Twanly-soven characlers of

each skull {Figure 3.1) and 53 chametors of wach carapace (Figure 3.2) wero

measured lor this study. These characters and thair abbraviations are listed in

the appendix.

Skl and carapace vatiables werg divided by SW (Skull Width) and
BOL (Beny Disc l.ength), regpectively In order to decrease aror dus to sizo

variatiorn, Best discriminating variablea were salscted with a torward stepwise

diseriminant analysis, using the ighest F Value as entrance criterla. The

discriminant function was establishad employing the polled covariance matrix

and proporional prior probabiliies of membership, since sample sizes weore

unoqual. Stafislical analyses were camed out using SPSS program (Ver, 10),
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Figure 3.1 Skull veriablés of C. chitra and G indica
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Flgure 3.2 Carapace variables of C. chitra and €. indica
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Results
Skull Analysis

seven from 26 skull rafio ¢haracters were chosen in lhis study. In tha
stepwisa discriminant procedure tha ratio of RPFL/ISW, RPFW/SW, LPOL/SW,
NW/SW, SHISW, RPOW/SW and LPFW/SW were the best discriminating

variaties, achieving 100% orginal grouped ceses correclly classiied (Table
3.2).

Table 3.2 Statisics of the skull varables solecied by lorward  slopwise

discriminant analysis for specles discriminallon botween G- chitra and C.
Indica. The variables were listed In arder of entrance I the model,

Varable | step | Wilks' Lambda | Exnel F "
RPFLISW | 1 0.670 7531 | 0021
RPFWISW | 2 0278 11,706 | 0.003
PoLSW | 3 0.109 21763 | <0.001
NSV 4 0,059 28451 | <0001
| SHISW 5 0.029 39.866 | <0.001
RPOWISW | & 0.012 69.687 | <0001
LPEWISW | 7 0.005 107.880 | <0.001

The diseiminant scores of skulls: vary from +10 o +12.5 in G, chitra
and -13.5 lo -16 In C. indica. Thers was a non-overlapping distribution of
discriminant seores of skulls bebwesn G. chilta and C. indica (Figure 3.3), As
a resull, the discriminant scores of skulls in Figure 3.3 have distinguished G,
chitra from C. indica effectively.
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Figurs 3.2 Discriminant scores of shulls vary from 10 lo 4125 In C. chitra
and «13.5 10 <18 In C. Indica.

Tharafora only these varables were employed for further funation:
O (skilly = 211 481 SHISW) — 519.047(NWISW) — B73.04 1{REFLISW)

+ G3TS2URPFWSW)  +138.364(LPFWSW) +  271.269(LPOLISW) —
100 088{RPOW/SW) + 38,768

Whara 0 2 -2.12 = €. chitra and D <-2,42'= C, indica
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Carapace Analysis

The rafios of PARWIBDL, P3LW/ BODL, N3W/ BDL and P7LW/! BOL ware
chosen as the best stepwise discriminant variables with 100% original
drouped cases correctly classified (Table 3.3),

Table 3.3 Statistics of the carapace varables sslected by forward slepwise

discriminant analysis Tor species discripiination bebwean C. chitra and C.
ndica. The variables were listed In order of entrance in the moda|,

—_—

Varlable stap | Wilks' Lambdea Exagl = F
paRwCL | 1 0.216 43.488 | <0.000
paLwicL | 2 0,108 45278 | <0.001
 NaWICL 3 0.057 54,868 | <0,001
 prLwicL | 4 0.027 80123 | <0001

The diseriminant function for carapace variables was then created as lhe
Tollowing:

[3 [(carapaca) = 160GG3(N3WY BOL) + 111.874(P3ILWI BDL) -
209 154(PIRW BDL) — 83.314(FTLW/ BDL) + 5.053

Whers D = -0.797 = C. chitra and D < .0,797 = €, ndica

Tha discriminant scores of carapages In Figure 3.4 have distinguished C.
chilra from C. indica effectvely.
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Flgure 3.4 Discrminant scores of the carapaces vary from 0 to +6 in C.

ehitra and -5.5 to -8,75 In C. indica,

Discussion

There were 7 skull rallo characters and 4 carapace ralio characters
were chosan as signiiicant difference: between ©. chitta and C. indlea.
Diserirminant scores of skulls and carapaces betwsen G, chitra and C. indica
also show non-overlapping distribution (Figure 3.3 and 3.4}, Discriminant
analyses of the skull and carapace characlers solected provide strong
evidence for the separation of C. chitra from C. indica and could be used to
sipport the designation of the former as a valid species. Moreover, the recent
study of phylogenetic analysis from the mitrechondial ND4 gene revealed
deeply divergence between C. chitra and C. indica (Engstrom =t al., 2002),



1%

Furthermare, the discriminant functions of the skull and the carapace oould he
very usalul for the confirmation of identity of unidentified specimens
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Appendix

Characters and their abbreviations

Skull

Skull helght, SH, Skull length, SL; Skull width, SW: Rlght arbil length, ROL;
Laft orbit langth, LOL: Nostdl fength, ML Mostrll widih, NW; Right frontal
lengtty, REL, Lell frontal lamgth, LFL: Right frontal widih, REW; Left trantal
width, LFW, Right post-lramtal length, RPF L; Left post-frontal length, 1LPFL;
Right post-frantal width, RPEW: |Left post-frental width, LEFW: Right |ugal
langth, RJL; Lot Jugal fength, LIL; Right pro-otic length, RPOL; Left pro-ollc
langth, LPOL; Right pro-otic width, RPOW: Left pro-olic width, LPOW; Right
supracceipital langth, RSOL; Lell supracesipltal lenglh, LSOL; Right quadrate
width, RUW, Left quadrale width, LOW, Right quadrate length, ROL: Left
quadrate length, LAL

Carapace

Nuchal width, MuW, Muchal Length, Nul: Carapace Width, Cw: Carapacs
Midline Length, CML: Carapace Length, CL: Neurall width, NAW, Neural2:
width, N2W, Neurald width, N3W; Neurald width, N4W; Neurals width, N5W:
MNeuralG width, NSW; Noural7 width, N7W; Neurald width, NBW: Neural
length, W1L: Meural2 |ength, N2L; Meurald length, M3L; Neurald length, M4L:
Neurald fength, MSL Meuralf length, NEL; Neural7 length, N7L; Neurals
lengih, MN8L; Plaural Right Width, P1RW. Pleural2 Right Width, P2RW:;
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Pleural? Right Width, P3RW, Pleurald Right Width, F4RW Plaurals Righd
Width, PSRW, Pleuralé Right Width, PERW: Pleural7 Right Width, PYRW:
Pleural® Right Width, PBRW: Pleurall Left Widin, P1LW; Pleural2 Left Width,
P2LW, Pleural3 Left Width, PALW; Plsurald Left Width, P4LW, Plaurals Left
Width, PSLW, Pleuralé Left Width, PELW: Plaural? Laft Width, PTLW! Plauralg
Left Widlh, PALW; Pleural! Right Lenath, PARL: Pléural? Right Length, PZRL:
Pleurald Right Langlh, P3RL; Pleurald Right Length, P4RL; Pleurals Right
length, PIRL, Pleuralt Right Length, PGRL: Pleural? Right Length, P7RL:
Fleurald Right Length, PBRL; Pleurall Left Length, PALL! Pleural? Leit
Length, P2LL; Pleural3Lelt Length, P3LL: Pleursld Lol Langth, PALL, Plaural5
Left Length, PSLL; Pleurail Lelt Length, PELL: Pleural? Loft Length, P7LL and
Fleural Left Length, PALL,



Chapter 4

Eggshell Structure of the Narrow-headed Softehell Turtle
Chitra chitra Nutphand, 1986 (Testudines: Trionychidaa)

Abstract

Eggs of Chitra chitta were examined for 1) eggshell thickness by
slereo microscopie 2) eggshell stuclure by scanning electron microscopy
(SEM) 3) qualitative and quantitative elements of aggshell structure by anergy
disporsive x-ray analysls (EDX), and 4} sggshell compesiiion by X-ray
diffraction analysis. It was found that the aggshell thickness of the outer layer
and nner ayer detectad by stereg misrescope ware 0.14 + 002 mim and 0.13
+ 0,02 mm, respectively, The result of SEM showed thal the aggshell had
three layers: an outor ealcargous shoal (proviously unsean), o middie
crystalling layar and an inner fibrous lyer, The eggehells were composed of
oxygen = 52.96+44.81%, carbon = 33.03+8.147%, maghesium = 5.55+0.34%,
calcium = 53747 168%, slica = 2.8741.64%, aluminun = 2.3041.07%,
potasslum = G 17+0,1%, and sodium = U.F4+0.3%, The eggshell was tha
aragorite form of CaCo,

Key words: Chitta chilra, Softshell turtle, Eggshell Stucture, Egashell
Thickness, Eggshell Composition, SEM



Introduction

The narow-headed softshell turtla Chitra chitra Nutphand, 1986 i
one of Ihe fargest, and cne of the least knawn lurtles in the world, Sihce s
Fecent recognition as a disting! species (Nutphand, 1886), its population size
has almost certainly coftinued to decline across its limited range in Thailand
and elsewhers In southeast Asia (Thirakhupt and van Dijk, 1994 Engstrom st
al, 2002; Kitimasak and Thirakhupt, 2002) dus to over fishing, pet trade, and
habitat alteration and degradation {mainly due to reservolr construction). s
blology and natural history are vaty poorly known, and the lack of information
sefiously imits conservalion sffors | s behall. An ongelng study of Ihis
species In the feld and in captivity la dasigned (o rechly this deficiency. As
parl of this Investination of the raproductive bivlogy ol s species hie
siructurs and compasition of tha agasholl of eggs from a wild caght famale
ware analyzed, The results of fhe analysis are presented here, and compared
with the few other struciural analyses of lurle eggehalls which bave been
published (o, Young, 1850; Solomon and Balrd, 1976; Balrd and Solomon,
1879, Packard and Packard, 1979 Packard, 1880; Woodall, 1864: Rabarle
And Sharp, 1985, Packard and Hirsch, 1986: and Wanglulangkul et al,, 2000),

Materials and Mothods

A Temala C) chitra (~B0 kg) was caught in Srinagaring Reservolr,
tanchanaburl Provincs, Thafland fn Mareh, 2007, Subsequently she laid 3
°Qgs In & fiber holding tank Al of lHese sggs were broken. Adter fhat
synthetc oxytocin was used to Induce oviposition. All of the =gas obtained
fram oxytocin injection (N=32) were incubated in a styrofoam  box, Six
undeveloped eggs, two weeks old, were separatad for study, Specific egashel|

characteristics examined and technigues utilized in the analyses are described
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below: 1) Eggshell thickness; e eqoshells were randomly cut into 5
Fleces/egg of about 1 x 8 mm. Thay werg dehydrated and stained by 0.5%
2asin. Thirty thicknesses (5 locationstegy) were measured under a steren
microscope with an ocular micromietar. The thicknesses of outer and inper
layers were compared by test analysis using SPSS program (Ver, 10%, 2
Scanning Electron Microscopy [SEM); the dehydrated  eggshells wore
coated wilh golt and were examined by a LEM-8400 scanning elactron
micrescops, operated at 15 kv, 3] Energy dispersive x-ray analysls {EDX);
he J.5.M.-8400 slectron microscope was used to examine both qualitalive
and guantitative elements in the dehydrated eggshells, 4) X-ray Diffraction
analysis; the agushells were graund down lo powder-sized parlicles o
examine their composition. An X-ray Diffraclomelar modsl JOX-B8030 was
used al 45 kY for this precedurs.

Results

Eqgshell thickness

Egushells of C. chitra wers examined and were separated nlo 2
distinct: layers through eosin staining, The outer laver was unstained but the
Inner layer had & pink eolor from the sosin, I\ was fourd that tha mean
iicknesses of the outer layer ahd Inner layer weara 0,14 + 0.02 mm and 0,12
+ 002 mm, respectivaly (Table 4.1). The thicknessas of tha outer and (e
layers of the eggshells were significantly different (e 0,05,



Table 4.9 Outer layer thicknass, Inner layer thickness {mm), En

*-ray analysis (EDX) (%) and X-ray Diffraction of wild Chitra chilra eggs

Eggshell Thir:!m:ass_

mn Mean + E
ELLIE Ia_yer thickness {mm) 6 ﬂ-‘rd_:ﬂ_m?_
_E’E"‘W_Er Ec:ﬁa&s_fngj_ _E 0.12 + U.D:e_
Energy dispersive x—rﬂy_ 8| 0O=52 0644 51_.

andlysis (EOX) (%) € =35.08+9,.17

Mg = 5 55+0, 4

Ca =B37+7.18
8i = 2.87+1 84
Al = 2.30+1.07
Ma = 0,74+0.9
K=017+0.1
Keray Diffraction ] Aragonile

- L L —_— —

—

Scanning Eloetron Mieroscopy (SEM) Analysis

SEM determined that €, chitra aggshalls were divided Info three distine

layers — an outer calcareous sheel, a mickdla erystalline layer, and an innes
librous layer (Figure 4.1),

The puter surface was composed of a nearly continuous calcareols
sheet that covered the whole of the egg (Flaura 4.1a) It was a very thin layar
thal could not be obsarved under 3 stereo microscope. The middie layer was
compesed of lan shaped crystalling units packed wgether hroughout the layer
(Figure 4.1b; 4.2). These units displayed the tadial fractured symmetry af
aragonite projecting from nucleation centers located on the surface of tha
inner layer. The inner layer of the eggshell was composed of multiple lavers of
reticular fibers {Figure 4.1b, 4.2, 4.3). Intersparsed at intervals alorg the

s

ey disporsive
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sufface of the calcarsous sheel werg pore opening which extended doweward

betwaan the adjacent crystalline units of the middie layer (Figure 4.4).

X ._.-'- : .:. --. ; ._. rosnsd iy 1.:' :
4 ,-._I _I;'_'I i : . I I - 'II 3 ,-‘1 - ) .- a
¥ o PPN Sl 0 = ' o

e : : ﬂ}i{ﬂ

e Ty

- (18 . o

Figura 4.1 SEM showing the calcarsous sheel {CS) covering the Guler |zver
of eggshell, middle layer crystalling unit (CU) and an innar fibrous layer (FL),

& = fop view, b = side view, Bar= 10 Llm
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Figure 4.2 SEM showling the radially fractured sppearance of crystalling units

ol the middle layer.  Bar =10 Lim



lhe eggsheall.
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L
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Figure 4,3 SEM showing the inner

a = side view (Bar = 10 |tm), b = top view (Sar = 10 LLrr}
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Figure 4.4 Quler sutface of C. chitra egashell showing pore (amow) at e

inlersection af erystaliing units, (Bar = 100 Lim)

Energy Dispersive X-Ray Analysis (EDX)

EDX analysis revealed that C, chitra eggshells ware composed of the
following elaments (ranked in order of ralative abundance): exygen, carbon,

magheasium, calcium, silicon, aluminum, sodium and potassium (lable 4.1),

X-ray Diffraction Analysis

The powder X-ray pholographs indicated that eggshells of C.. chitra

were composed of the aragonite form of CaCO..



Discussion

The aggshell of C, chitra displayed only two layers, lha middie and
mner layers under stereo microscope, bul showsad 3 layars including an outer
calcareous sheel under SEM, Numerous olher studies of turtle eggshel|
structure record the presence of two shall layers, These include broad-shelled
river lortoises Cheloding expansa, aplny softshall turiles Apalona spinifarus,
Ollve ridiey  turfles  Lepidochalys alivaces, Euphrates  softshells Rafetus
euphraticus, European pond turties Emys orbiculars and radiated tortolses

Geochelone radiata (Young, 1950; Packard and Packard, 19749, Woadall,
1984 Wangkulanghul et al , 2000},

Simllar ta the linding of our study of C. chitra, three layers, ware
recorded In snapping Wwilles Chelydra serpentina by Packard (1980) The
outer layer of the snapping lutle eggshell was covared by a thick organic
calcarecus sheel whigh obscures iha tips of the arystalling units of the middie
layar, The middie layer was structurally similar to that observed (i G chitra In
this stucly, The ouler calcareous sheet may not have bean recorded in many
lrtle eggshells due to the researchers’ use of old preserved agus in thilr
sludies, The calearsous sheet may have deteriorated in tha presarvative over
time. Ther inner layer of C. chitra has multiple layers of fiber similar to those
observed in the previous studies of C. serponting and_Trionyx spiniferus
(Packard and Packard, 1978; Packard, 1980)

Young {1950 recorded that the eggshell thicknesses of B, euphraticus;
Ermys orbicularis and G, radiata were 0,23 - 0.28 mm, 027 — 0.28 mm and
0.58 — 0.84 mm, respectively. In this study the mean lotal eggshell thickness
of C. chitra was 0.26 mm, falling within the range of eagshell thicknessas of

the aqualic turtles Young studigd,



Sclomon and Baird (1978) analyzed the slemants In eagshsiis of
Chelonia mydas. They found the shell composed of ~ 20% Ca, D.068% Mg,
and ~ 1% P. In C. chitra sggshells only ~ 5.37% Is composed of Ca but My
content (5.55%) Is substanially higher than hal In C. mydas. The reasons lor

the differences in composition of these species’ eqgshells are unknown.

The composition of C. chitra egashells from the wild caught femals was
CaCO, in aragonite form. This result was similar to (hat ol other siudies of
turlle eggshells (Solomon and Baird, 1976 Baird and Soloman, 1979 Packard
and Packard, 1979 Packard, 1980, Woodall, 1984; Roberts and Sharp, 1885;
and Packard and Hirsch, 1988),

The author ls conducting o captive breeding program for C. chitra al
Kanchanaburl  Inland  Fisherdes Research  and  Development  Centor,
Kanchanaburl, Thalland to promote the long-term conservation of this critically
indangered species. Knowledge of the structure snd slomental composition of
lhie eggshells of C. chifra obtained from wild stock may be useful fof
comparison with those produced by caplive females. Tha similarity of
eqgshells of brood steck and wild stock may be a useful indicator to
determino nutritional requirements of captives and 1o Increase the lkelibood
Ihait healthy hatehlings would be produced,
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Chapter 5

New Recard of Chitra chitra Nutphand, 1986

in Mae Ping River, Thailand

Abstract

The distribution of the Slamess narrow-headed soltshall Wirile
Chitra chitra Nutphand, 1986 had been known only in Mae Klong river system
I Thailand. This study found the distribution rangs of C. chilra axtends to
Mag Ping River from Ihe past lo present. Life and skaleton (skull and

carapane) specimens wore found along Mag Ping River bath below and uppor
Hhumipol Dam

Key words: Chitra chitra, Distributian, Iocality, Mae Ping River



Introduction

Lhitra chifra Mutphand, 1966 Is one of five nativa sofihel |Lirthi
species in Thailand. |t was listed as a Critically Endangered Species by IUCN
In 2000, The rver systems of Thailand have been classifled Info slx major
river drainages; the Salwaen Maa Klong, southern Paninsula, southeasiern
part, Chao Phraya and Mae Kong river systems (Vidihayanon et al,, 1997),
However, C. chitra has not been previously reported from anywhers othier
han the Mae Klang river system (Nutphand, 1980: Smith, 1931, Thirekhupt
and van Dijk, 1884},

This study shows. Ihe discovary of extension range of C. chitra in
Thailand's river systeam,

Materials and Methods

This study was conducted by bost surveys and by Interviews with
lishermen and local pecple along the Mae Fing River. The study area began
at the mouth of Maa Ping River al Nakhon Sawan Province and extanded to
Mai Fing Natlonal Park, Lamphun Provinos, a digtance of about 100 km. Tha
data including slee and locality of the |ve specimen and  osteclogical

specirmens (skull and carapace) are shown balow,

Results

The habitat of C. chitta In this record was divided into two areas

{Figure 5.1}, The firstis the area below Bhurmipol Dam. |n this area, one live
male C. chitra was caught by the longline hook, usually used for Mystus spp.,
near lhe mouth of Mae Ping River st 15°43.020'N 100708 632 E, Mueang
district, Nakhon Sawan Province In June 1998, The hook was altached to its
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leg: This live specimen was donaled to MNakhon Sawan Inland Fisheries
Ressarch and Development Certer-and was' |star moved o Kanchanabur
infand Fisherles Razearch and Development Center, Kanchanaburi Provinos -
on April 29, 1899 for the caplive breading program, The shell widih, shall
tength and body weight were 68 cm, 78 e and 44 kg, respaciivaly,

Othar evidence of C. chitra In tha Mss Ping River included four
carapaces and one shull from the survey n Movembar 2001 anid f Februsry
2002 All of these wera found in the reservair of Lpper Bhumipol Dam at
differant imes. The first carapace with the skull [Figure 5.2) has been kept by
a restavmant owner for more than 10 years, lts carapace width, carapace
length, skull widih and skull length wers 61 cm, 66 em, 13 am and 27 om,
respectively, The setond carapace (CUMZ (R} 2001,11.27, 1) wan from a 90
kg C. chilra al Ban Pakveak, Sam Ngao District, Tak Provinca: which wiaz
captured by u fisherman In 1987, Its carapace width and carapace length
wera B4 cmoand 71 om respoctively.  The Ihird specimen (CUMZ{R)
20011127, 2) was kepl by a villager who bought It for food a faw YBars ago,
It was a juveniie with a cardpace ol 21,1 e wide ant 21 7 cm long,  The
fourth specimen (CUMZ(R) 2002.2.17, 1) was sold to a restaurant awner by
fisherman in 1997 and was reported to have been caplured from Mae Toun,
Mae Ramat Distriat, Tak Province, || weighed aboul 11 kg and the carapace
width and lenath were 27,5 em and 29.1 am respectively. Al present, the last
ihree specimans are deposited al the Chulalengkorn University Museum of
Zoology, Bangkok.
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Flgure 5.1 Six major rive drainages in Thailand, {1} the Salween, (2} Maa
Klong, (3) southern Faninsula, (4) southeastem part, (&) Chao Phraya and (6)
Mae Kong rvar systems and the new recard of G. chitra In Mae Ping River,
upper Bhuripal Dam (open star) and below Bhumipol Dam {sclid star),



Figure 5.2  Carapace (a) and skull () of G, chilra in Mas Ping River



Discussion

Thirakhupt and van Diflk (1994) questionsd why C. chitra remains
restricted to the Mae Klong, apparently unable to reach lhe nesarby and
connected Tha Chin and Chao Phraya Rivers, and this remaine =
blegeographical mystery. This record may provida the answer thal C, chilra
did not only Inhakit the Mae Klong river system bul was once probably more
commen. in the Chao Phraya river system as well. Mowever, the apparant
absence of . chitra In the Tha China River is sill not understood. Parhaps 1|
was extirpated by human  exploiation here before i presence was
recagnized by zoclogists,

Phis record may be important for the conservation and managemeort of
this critically endangered specias. An intensive survery on ils population slatus
and its bresding sites in the Mae Ping Rwver is i progress, In addition, tho
study of other aspects of the bidlogy and blogeography ol his speckes s
urgently nesded.
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Chapter 6

Distribution and Status of the Siamese Narrow-headed Softshell
Turtle Chitra chitra Nutphand, 1986 in Thailand

Abstract

The distribution range and stalus of Chitra chitrs Nutphand, 1988 n
Thailand ware Invesligated, €. chitta was found In the Mas Klong and Chao
Phraya rivar systoms, Another species, C. burmaniea Jaruthanin 2002 or e,
vandilkl, MeCord & Pritchard, 2002, was reported to ceeur In the Salweon
rvar system located along Whe Thalland-Myanmar border, At present, the
slatus of G chilra |s very rare everywhere and Ihe natural populstion ts
declining, Conservation and management action in behall of this specles |é
urgently neodad.

Key words: Chitra chitra, Distribution, Status, Thailand
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Introduction

Tha Slamese namow-headed softshell turtle, Chitra chifra Mutphand,
1886, Is probably (he largest softshell turtle In the world, Pritchard (2001)
estimated the maxinum leathary carapace length (LCL) of C. chitra as 122
cm. A lemale, 152 kg with lsathery carapace length of 123 ocm, was found in
1967 (Nutphand, 1886) The largest fernale found In Thailand was rocorded
as 202 kg in 1986 (The Royal Instituts, 1992)

Thirakhupt and van Dijk (1984) reported thal G, chiltra was an endemic
lurtle species of Thailand. Infarmation subsequently prasanled by Engatrom et
al. (2002}, Engstram and MeCerd (2002), and McGord and Priteharn {2002)
now Indicates that populations reprasenting this specles also axtend info
paninsular Malaysia and Indonesia (o Java) of the six major river drainages
recognized in Thallend by Vidthayanon el al, (1897), Including the Salwean
(W), Mae Klang (Mkl}, Chao Phroya (CP), Southern  Paninsuly (S},
Southeastern part (E), and Mae Kong (MK) (Figure & 1) only the first thres
ane now known to contain Chitra populations. Tha racently described specios
ealled elther C, burmanica (Jaruthanin, 2002) or C, vandijkl (MeCord &
Pritohird, 2002) inhabits the Satween rvar system along the Thallang-
Myanmar border. Chilra chitra Is known to occur in (e Man Klong river
system of weslern Thailand (Thirakhupl and van Dijk, 1994) and has recently
was discovered In the Mag Ping River of the Chao Phraya drainaga also
(Kiimasak and Thimkhupt, 2002 chapter 5 this volume). Previously
Thirakhupt and van Dijk (1924) had questioned why C. chitra' was restricted
only to the Mae Kiong basin although it was connected to the Ghao Fhraya
and Tha Chin rivers. The discovery of C. chilra in the Mae Ping River
suggests thal ifs presence in these rivers may have been overlooked by
zoologist-perhaps as the resull of greally reduced populations from levels of
lormer abundance dug lo human exploitation and habital destruction, Chitra
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PrEsonce in. the Tha Chin River nas not wat peen verified, howevar, and

Chifra's possiblg former angd Fresant distribution slsewhers in Thaitandg
requires further Investigation.

From the past to present, C. chitra has been threatened by hunting,
water pollufion, resenvoir creation and other forms of habitat destruction and
alteration (Thirakhupt and van Dijk, 1994), These events have negativaly
atfected its natural distribution ang Population size. |n 2000, IUGN fisted C,
chilra a5 a critically endangered species, whila Thirakhupt and van Difle {1884)
recommendad C, chitra ag the first pricrty of lurtles reguinmg Consarvation
action in Thalland, To date, (ke Information o the distribution and stalus of
this specion |s very Incomplele. Greater knowledge of s distibution range
and population slze as well as 2 habital characténisties waonlth b very ueoful
for its consorvation and managament in the fulure,

Methodology

This study was conductad by sending 129 queslionnalres. lo thia local
fisherles offices; Flsheres Lepartment, Agricullural and Cooperative Ministry,
roughout Thalland,  Iitensive investigations were carded out i avery
provinge thel had posttive |larmation st C, chitra, In addition, tha locality
data ol live specimens and proserved specimens ftom all soures were
recorded both In Thailand and abroad, Museum cillections contalning C.
chitra examined in this study are the' Naturg) History Museum, London
(BNHM), Museum of Comparative Zovlogy, Harvard Uriversity (MCZ), and
Chulslongkorn University Bangkok. Museum of Zoulogy (CUBMZ),
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Results

Elghty-three completed guestionnaimes (64.34%) were received. There
wers seventeen (20.5%) with pesitive Information indicating that C. chitra
might Be, or once was present | the Salween, Mae Klong, Southern
Peninsula, Southeastern parl and Chao Phraya river systema (Table 8,1).
Intensive investigations were canducted In the arsas from which positive
Information was recélved and e results are deseribed belaw.

Salween River System

Thera were no published records. of C. ehitra from the Salween river
systam In the past. However, In this study, positive Information conceming (ks
bresanca (hefe was oblained from fisheries officials sl Moo Sof District, Tak
Frovince.

The field study was conducted in Nevember 2001, Five specimens of
Chitra sp., 4 live specimens (Figure 6.2) and 1 carapace wora found, Al
spocimens wore C. burmanica Jaruthanin, 2002 or C, vandill MeGord &
Prltnhard. 2003, They were caplured by local people In the rver naar the
Thailand-Myanmar border line bul Ihera ware no exacl data conceming their

speciiic localilles



Figure 6.1 The river system of Thailand was classified nto slx major river
drainages; tha Salween (SW), Mas Kiong (MkP, Soulhern Penifsila (S},
Southeastern part (E), Chao Phraya (GP) and Mas Kong river systems (MK)
(After Vidihayanon, et al., 1997),



Table 6.1 Distribution of Chitra in Thalland

a3

'\f = poaitive information

X = negative Information

- = not nvestigated

sSources of Data
River systems Literature review | Questionnaire Frald study
and Interview
Saiween A \{r .Jr
Mae Klong kwae Noi, Kawe | Kwae Nol Kwae Nol, Kawe Yal,
Yal, Mae Klong, | Kawa Yal, Mae Klong,
Stinagarind Maa Klong Srinagarind
Raseorvoir Rasarvoir,
Valiralongkarn
Resarvoir
Sauihern b J 0 X
Faninsula
Southeastern part Vi V % =
Ghaa Phraya Chao Phrayn Chao Phvays, | Ghao Phraye, Nan,
Man Mae Ping
Mae Kong X X o
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The external characters of this turife differed from those of . chitra
and C. indica. The siripe patterns on their carapaces, Necks and foro [imbs
and body color are differsnt from both G. chitra of lhe Mas Klong river system
and ©, indica. One of them had a dark-yellow carapace when it was sean the
first ime (Figure 3), which then changed to fight yellow when It was moved to
Kanchanaburi Inland Fisheries Research and PBevelopmient Cenfar (KIFRDC)
after a few days (Figure 6.2A), The middle stripes on the necks of &l
specimens are longer than C. chitra and their stripe patterns on tho carapacea
hewver mere Ught color than C. chitra: They also have sifipes on hdir forelimbs
which ars not Tound In €. chitra. Moreover, they have soveral unitua shor

stripe patterns along Ihe carapace edge {also see descriplicns in MeCord and
Fritchard, 2002)

Mae Kleng River System

The location of the Mae Klong River system is shown In Flgure 6.1,
The Kwae Yal Rivar and Kwae Mol River joln togethar al Mueang District,
Kanchanabur| Provinee, In the western pard of Thalland, The natural habitals
of C, chitra i the Maa Klong river systam were hlocked by several dams; The
varlier walerwsays of the Kwae Noi River and Kwae Yal River were blocked by
Vajiralongkarn Dam (formedy called Khao Leam Dam) and Srinagarind Darm,
respectively, Moreover, the Kwae Yal River was also blocked by Tha Thung
Na Dam below Srinagarind Dam. Furthermare, the Mae Klong River was also
blocked by the Mse Klong Dam (formerly called Vajiralongkarm Dam), Fiald
sludies were conducted several times In Ihe Mas Klong River and s
tributaries, the Kwae Noi and Kwae Yai Rivers during 1298-2001
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moved 0 KIFRDC, Torlle in Ihls pctore s the same wrklle in Figure 6,248,

Kwae Yal River and Srinagarind Resorvoir

One femalo, C. chitra was caughl by a fishing hook in the Srinagarind
Reservolr, located at 14" 56.360° N 99° 10.764' E, in October 1997 (Figure
8.4} The angler estimated thal #s welght was 270 kg, It was killed and was
sald for food, Follicles, approximalely one cm in diameter, were said lo be

found in tha ovaries,

Additional information concerming two ather C. chitra, approximately 70
and 150 kg frem the Ong Thung area in the Stinagarind Reservolr was
obtained from a fisherman, Their sexes ware unknown and they are prabably

living in thal area.
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Figure 6.4 An ndull female of C. chitra caughl In Srinagarind Reservoir |n

Oclaber 1997, The site |s located al 14 56.360° N 99 10.7684' E,

In 1998, KIFROC abtaingd wo C, ¢hitra halehlings from a sherman al
Srinagarind Reservoir. He reparted that 20 hatohlings wara found in July 1994
from the small island leested al 14’ 39819 N 89 03,6068 E {Figura §.53)
Thay were cbserved climbing oul rom thair nesl and woere moving into: he
reservor. He axcavatod tho nest and found hat the nest was =40 om in denth
ard — 10 m distant from the walar's sdge. Thera were approximataly G0-70
dead hatchlings in the nest. The eggshells were counted roughly lo abaul
100, 1t s likely that the female kad its egas nearer to the water butl during the
meoubation pered Srnagarnnd Dam released water from the reservoir for
generaling electrical power. Therefore, dunng the halching time, the water
level had decreasad to about 10 m below the intial egg-laying site. There
were many halchlings that could not climb out of the nest but some that did

reached the water before the fisherman encountered them,



oy

Figure 65 A nest site In Srinagannd Reservorr, locatod ot 14 59819 N 99
03606 F

In April 2001, one G chitrm female, about 80 kg, was caught by 3
lishing hook in Srinagarind Reservoir. She kald three eags i a hber tank alker
being moved to Ayuthaya Provinee, Synthetic axtocin was injected to induce
furthar oviposition, Later on, 32 eggs werp abtained and were incubated n o
shyrofomm box Howewver, anly one egg hatehed after incubation

Thara | no record of C, chitra being found below Stnagarind Dam n
the Kwae Yal River during the last decade. The area along the river was
survayed and It was found that the habital was nol suitable because there
were no sandbanks available for egg laying siles.  Besides, lhe areas along
the river bank wera mostly sotiied by humans,

L
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Kwae Noi River and Vajiralongkarn Reservolr (formerly called Khao Laem
Reservolr)

There has been noe report of C. chitra In Vajiralongkorn Resenair since
the Vajiralongkorn Dam was constructed, However, in January 7, 2000,
fisharmen found a C. chitra female laying its sggs near the water at midnight
on a small istand in the Vajiralangkorn Reservoir (located al 14’ 53.995 1 08"
33071 E) (Figure B.8), || was caughl by a spear and was sold to local
people. The animal died on the foliowing day, was dissected and aboul 100
aggs wera found m the oviduct The skull and carapace were donated to
CUBMZ (CUBMCE (R) 2001, 14), The nest was excavated and 60 eggs wers
lound In the nest Twe eqgos ware broken, the rest wers incubated under 10
cm of gand in a crcdar contdiper,  Twelve doys later, the eggs wemn
inyvastigated and only lve ledile eggs were found,  Howaover, no gy hatched

alter being inculiated 1o bwo mionths,

Figure 6.6 A nest site in Vajiralongkorn Reservair, located at 14" 59.005 M
98 33.071 E



A survey was conducted n the Vajiralangkern Reservoir in 2000, Two
skulls and one carapace of C. chitra were found al a fisherman's house, One
skull and one carapace of the same animal were donated lo CLUBMZ
(CUBMCZ (R) 2001.15), The fisherman mentioned that the skull and the

carapace were collectsd more than 10 vears age.

From intervlews It was determined that €, chitra was ragularty collacted
dlong the Rwae Nol River from the past untl the prasent, SUNVEYSE wWETE
conducted aleng the Kwae Mol Rlver several limes during 1999-2000, 11 was
faund that when Ihe water level was |ow there were many sultable sandbaiis
lor eqg laying along the river (Figure 8.7 Local peopla estimated (hat more
than 100 G, ehitra 10 the Kwae Mo River wera caught In the last decade. Most
of them warg hotohiings and [Uveniles. However, ab prosent, most sandbanks
are flooded when water |5 released (rom the dam, theroby rendering tham

Lselbss as Chitta nesting sita,

Figure 6.7 Naturai habitat of C. chitra at Kwae Noi River. located al 14"
20.384' N 98 56.448' E
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Mae Klong River and Mae Klong Reservoir (formerly called Vajiralongkorn
Reservoir)

Mae Klong {fermerly eailed Vajiralongkormn) Dam was constructed since
1964 and was complated In 1970. The dam is loeated at aboist 14 ki below
the: junction of the Kwae Yai and Kwaa Nol Rivers, - Some local paople Hving
along this waterway were interviewad. They provided the nformation that
there were many sandbanks and many C. chitra In this portion of the Mas
riong River before the dam was constructed.  After the water level rose and
flooded all the sandbanks In the reservoir, C, chitra rapidly disappeared and
nobody has caught or seen them In this reservoir for at least the last 10

YERIS,

Below the Mas Klong Dam, C. chitra has been seldom caught and is
henght to ke continuously decreasing in number. The distibulion range of €,
chitra In the Mae Klong River extends to Damnoen Saduak Ganal, (he canal
that joins the Mae Klong River to the Tha Chin Rivar. A monk whao |ived near
Liamnoan Sadudk Canal said that . chilre was found 0 \he canal when ha
was young, which was aboul 30 years ago.  In 1999, ona adull male was
caught In an lmigafien canal, Ipcated between the Mee Klong Reservolr and
Camnom Sadowg Cenal, and was transported o KIFRDC.  These results
suggest that the range of C. chitra could include ot least parl of the southem
Chao Phraya river systém, |l is possible that C. chifra can disperse between
the Mae Klong river system and Chao Phraya river systom through sinall
iributaries lhat connect the two rivar systems, However, thers is no record 1hat
C. chilra’s range extends to the brackish waler area al the mouth of Mae
Klong River.
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Southern Peninsula River System

There were three scurces of positive Information concarning C. chitra
fram the Southern Peninsula river system: from a guastionnaire, a local
parson |n Chumphon Province, and an animal trader in Narathiwat Province.
However, fleld studies and Interdews with cther local people |h the areas did

hot provide any evidence of C. chitra and there was no record of i presence
there In the pasl,

Southsastern Part River System

Cine positive. questionnaire was recelved from Sa Kaeo Province, In
1995, van Dilk and Thirakhupt (1995 stated that C. chitra was found In the
Hangpakong River at the tumn of century, However, (he lisld study in this area
didh net acguire any posilive evidence of Chitra's presence.

Chao Phraya River System

There ware 6 positive responses recelved In questionnaires fram Nap,
Fhichit, Lop Bur, Ang Theng, Phra Makhon Si Ayulthaya and Sing  Buri
Provinees, Indicating the posaibllity that hishermen in these provineces had

saen G ahilra i he wild,

Flald surveys were cared out along the Chao Phraya, Mas Plng and
Man Rivers. | was found thal soma |gcal people, living along these rivers,
have khown C. chitra and provided infarmation that the population of C, chitra
was very rare 10-20 years ago, A fisherman at'Wat Bot District, Phitsanulok
Province said thal he had caught blg softshell turtles in the Nan River lust a
few years ago, The details of softshells' descriptions. mentioned by the
fisherman were similar to those of C. chitra. espedially the stripe pattemn on its
neck. The local poople called the lurie as "Tao™, “Buniai" or “Kore-Sak-Yan"
(fatteo pattern, similar to the shape of a pageda on its neck?,



Discussion

Distribution

It eould be conciuded that currently the distribution range of Chitra spp.
5 In thres river systems of Thalland, the Salween, Mas Klong and Chao
Phraya (Table 6.1), ©. chitra was found In the Mae Klong River systam
(Kwae Mai, Kwas Yal, and Mae Klong Rivers: Srinagarind, Vajiralongkorn and

Mae Klang Reservoirs) and Chaa Phraya river system (Mas Ping, MNan and
Chao Phiraya Rivers)

BT e

menty In the Mae Klong river systam (van LHik and Thirakhupt, 1995; varson,
TE82; Liat and Das, 1999, Nulphand, 1878 Nutphand, 1986, Nutphand, 1990,
Smith, 1931: Taechacharemsukchera, 16691; Thirskhupt and van Dijk, 1994
Youngprapakern., 1993).  In addiion, all locallties of G, chilra In many olber
collections from Thailand werd from the Mae Klong rvisr system (Table 6,2,

There were two records of C. ehiira In (He Chao Phiava River aystom
The first record was from the Chao Phraya River (The Royal Institute, |892)
The latler, a C. chitra female, 202 kg, was caughi In a canal, a branch of the
Chao Phraya River (CP), at Tambon Soun Yal, Mueang District, Nonthabur|
Frevinca an May 19, 1986, It wes released at tha Phutthamonthon aréa and
was nat sean again.  Kitimasak and Thirakhupt (2002}, also described tha
extension of the disttibution range of €. chilra into the Mas Ping Rivar,
iriteitary of the Chao Phraya River system, providing further avidence of its

presence here.

The distribution range of C, chitra above the dams was previously

recorded as Srinagarind Reservair (Thirakhupt and van Dijk, 1994} and
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Bhumipsl Reservoir (Kitimasak and Thirakhupt, 2002}, From this study, the
identification of G. chitra in Vajiralongkerm Reservair provides a new record.

C. chitra is primarily found in iarge nivers with sandy or muddy baolloms.
lts habital Is similar to that of S indlea reported by Das (1891), Das (1985),
Emst and Barbour (1989) and Tikader and Sharma (1985). The distribution
renge of G, chitra only Includes freshwatar sasldns o rivers, There is no

record of C. chitra in brackish water in- elthier the Chaa Phraya or Mae Klong
River estuaries

C. thitra has tradilionally been assosclated with clean and clear wilgr,
as mocorded by van DK and 1'hirakhupt (1985), Neveriheless, a few furbid
waler habitats containing C. chitra In the Maa Klong River wate Idantified In
his: sludy, parhaps due to the increasing slitation of the river as a whaola, and
rixprésenting lass than optimal habilat conditions for this spacies

I this study, B recentlly described Chitra sp. specimen that has
distinguishable characlers from £. ohitra and €. Indica was feund from the
Salwaen river systom near the Thalland-Myanmar bordar, Jarulhanin {2002)
hamed It as Chilra burmanica in Fish Zone magazine, He reparted that the
stripe palterny of C. burmanics differed from ©. chits and C. indica as
discussed previously, However, this scientific name, ©, burmanina, |s rejected
oy Melord (personal communication} i that the specles description of
Jaruthanin (2002) s inadequate by |CZN standard and the proposed name
should not be accepted. McCord and Pritchard (2002) desoribed this pew

softshell species as C. yandijki.
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Table 6.2 Localiies and Catalog Numbers of C. chitra specimens from

Thailand,
Mo Localiiies Catalog Mumber Museums )
1 |Mae Kleng River, Banpong, Ratchabur .192‘1 A4.1.187 | BNHM o
Province
2 | Mae Klong River, Banpong. Ratchaburi | 19742451 B HM
Prevince
3 | Kanchanaburi Province 1862.12,18.1 BNHM
4 | Kanchanaburl Province 29435.; MCZ
B [Mae Kleng River, Banpong, Ralchabun | 28487 MCZ
Frovinen
t | Mae Klong River, Banpong, Ratchabuor | 29488 MCZ
Hrovince
7 | Thatand 19944211 | CUBMZ(R)
_E kaaw Yal River, Kanchanabur Province L;I.:IEL MZR CUBMZR)
2001.10
8 | Thailand CUB MZR CUBMZ(R)
2001.11
10 | Thaitand CUB MZ R CUBMZ(R)
2001.12
11 | Thaitand CUB MZ R CUBMZ(R)
2001.13
| 12 | Vajlralongkorm Dam, Kanchanabur | CUB ﬂ"liz R CUBMZ{R) |
Province 200714
13 | Vajiralongkom Dam, Kanchanaburl | CUB MZ R CUBMEZR)
Provinee 200145
14 | Thailand CUB MZR CLBMZIR)

200116
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This Salwesn softshell has been supported as & valid spevies by (he
study of Engstrom ot al. (2002). They studied phylogenetic diversity of Chitra
from Bangladesh, Myanmar, Thailand, Malaysla and Indonesta, The resulis
showed that phylogenetic analysis of sequence dats from tha mitachandrial
MEM gene revealed Ihree deeply divergent pattermns within Chitra @ C. indica
from Bangladesh, C chilra from Thailand, Mataysia and Indonesia and the
third from the Saiween River of Myanmar recently described as either C,
burmanica or . vandijld refered 1o above.

Status

C. chitra was described as a new species in 1986 (Nutphand, 1 986)
Sinca 1898, It has been listed as “erilically endangered” by UGN (IUGH,
1996, IUCN, 2000) due o IIs extramely. high rsk of extinetion,

In Thailand, the main causes of G, chitra's decline ans: 1) hunting, 2)

dam consiruclion and 3) habitat destruclion from sand mining and other
hurmian agthvitias

1. Hurting

C. chitra Is protectad under WARPA law (Wil Animals Reservation
and Protecion Act B.E, 2536) In Thalland, However, local people have
conlinucusly captured C chitra for food and for sale In the intemational or
local pet trade.  Maraover, miost eggs thal were found by losal people would
be collected for sale or lor captive hatching, due 1o the high price of live
hatchiings turtles In the pet trade, C, chitra of all sizas have been capturad
tor years, mainly from Mae Klong river system (Table 6.3),

Z. Dam Construction
The status of C. chilra In reservoirs and below dams is a serious

problem. After the dams were. construsted, water flooded all €. chitea's
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habitats and nest sites. In this study, two nests it Stinagaring Ressrvoir and
Vajiralongkorn Reservolr were investigated. Both nests wers |aid on Lhe banks
of small islands that formerly were hill tops. The banks ars campasad mainly
of gravels and rocks, differ tatally from the natural sand bank dlong the Mae
Klong river system (Figures 6.5, 6.6 and 6.7). Moreover, the island bank in
Vajiralongkorn Reservolr was coverad with shrubbery, which inhibits laying
achivity, Even though C, chitra could lay eggs along these Isiand banks, {he
siezessful hatching rato lended to be very low, The fallure of successiul
incubation of eggs from Vajiratongkorn Reservolr might be because BOOE WEre
fald In very bumid condition (Kitimasak, 1996) Bolow the dam, all pnest-sites
wauld be flooded due 1o the llucluating water levels in the river loflowing the
relense of water for elecircal power and agricultural purposes: It was found
that C. chitra naturally laid lls eggs on sandbanks at low water levels in the
dry season, Az a resull, all eggs would be flooded embryos drowned befors
natching. Therefore, ot presenl, populations of €, chitrd cannot succassful
mepraduca. either above or below the dams, The C. chitra populations |n

Thaitand continue to docling rapidly as a resull,

Changes in river flow palterns and floodplain development may alao
increase river lurbidity and siltalion, These changes may negatively affect
Chitra by inhibiting its sight-leading foraging abilities, and by potentially siting
ovar sandy nesting site, thereby rendering tham unsultable for use.

4. Habital destruction due to sand mining and other human aclivities

Dug to country development, many human activities, such as road and
building construction require a large amount of sand. Sand has been removed
from both Chao Phraya and Mae Klong riverbanks for decadss lo serve this
purposa. Il represents another probable cause of population decline, by
eliminating or degrading the guality of sand beach nesting habitats,
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Table 6.3 Numbers and loeslities of C chitra specimens - Ihat were caught

from river systems in Thailand, Interview data were obtained Irom fishermen,

lboal people and lraders,

River System

=1996 | 1887 | 1998 | 1999 | 2000 | 2001 | 2002
Salwean . - - 120 {1}
Mae Klong 18}, {20} | (81 (3, [2] L [ 3BL{3 | -
(20) (20} | (22
Southam - - -
Faninsula
Southaasten - -
Par
Chao Phraya | {3, {1} | {1} | (1] - {1
_Man Kong - 1 e
Total [11), (5] | 14l [2] (1, | [BLfa), | (1)
(21} A1 | (20) (20} (22)
[ ] adul R S
{ } Javenile

[} hatchling
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Recommendatlon

The resulls of this study Indicate that C. chitra is now vary rare in
Thailand, |ls populations appear to have deciined rapidly i the lasi two
tecades and nowadays it is nowhera common, This species is surely going
o be extingt I the wild in the near futere if It doss not recelve spacial
conservation acllon immediately, Fleld surveys throughout thalr distribution
argas. during the study peried did not result in the obeervation of a single lva
specimen In the wild, Its population |s seversly affected by hunfing and habitat
alterafions described above in (ls present status, C. ghitra  should - be
considerad tho first priority of all Thal turlles to recelve specidl concemn and
action. The long-term congervation of this critically andangered specles. 18 to
b accomplished by the implementation of the following propesal procedures:

1. Captive Breeding Program

A caplive breeding program should be one of the first priortiog to bo
carfied out In order lo proguce eggs, hiatehlings, |uvenlles and breeding
adults Moll and Mol (2000) stated that captive breeding of dverine uiles |s
expensive, requiring large bacts of land, elaborsle enclosures, and a
parmanent stall. Howeaver, caplive breeding should be employed after existing
habital has been destroyed or when the population bacomes oo small and
scatterad lor natural reproduction to be efféctive, The parental stock of known
focality should than be coltected and housed in range and their caplive-bred
offspring are suggested to bo released at tha same location whenever siitablo
habital |s judged fo remain (and other Ihreats which reduced populations

nifials are minimized or eliminated).

C. chitra meets most of these requirements and caplive breeding is
considersd to be the best methedolegy under present circumslances for

restoring populations o viable lavels.
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2, Habitat Protection

The restoration and conservation of stitable habitat is most important
far C; chilra, both for maintaining ang rebullding existing populations and for
reintroduced populaiions. Areas where Chitra is protected form humting, ancd
areas where suitable nesting sites are abundant and grotected fram finaiding,

mining, and poaching are vitally important it C. chitra is {0 be consarved,

Since several rare specles may be effectively eonsarved in protocted
areas, some existing habitats of C. chitra thal are nol curenlly protected
should ba considered for sancluary status as wall,

d. Translocation and Reintroduction

Translocation refers to the release of an animal owside is original
range. This method may have imitations. in that ©. chitra may Reva potontial
negitiva affects on the new host ecosysten, or may nat be abile lo adapl 1o
the new environment,  Reintroduction within the orginal habllal should be
congidered as the firsl cholca in the release of caplive turlles. In case the
existing areas are nol sultablo due lo habital alteration or other reasons than
translceation may be considered, The monitoring of released  Individuals
should e performed regulardy after the reintroduction o translocation to the
extent posaible In order to assess the effects and lovel of success of the
procedire

4. Public Relatlons and Education

FPublic relations and education are wvitally Important to  promote
consarvation programs for C. chitra, Villagers, fisherman and NGO's shouid
be Informed of the requirements and stalus C. chilra by researchers. Local
cooperations and paricipation in conservation action stimulated by such input
is fundamentally impaortant in the conservation of Chilra populations,
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Chapter 7

Captive Breeding of the Slamese Narrow-headed Softshel| Turtle

Chitra chitra Nutphand, 1986 (Testudines: Trionychidae)
Abstracl

A caplive broeding program ol a critically endangered species, the
Slamese narrow-headed solishell turle Chilra chitra Nulphend, 1986, was
conductsd In two 400 m' ponds at Kanchanaburl Inland Fisheries Research
and Developmant Center (KIFRDC), Kanchanusburl Provinee, Thalland from
2000 1o 2002, Copulations ware abserved during Septarmber fo February, Two
lameles laid egns duning February to Agril 0 arlifielal sandbanks. Each captive
fomale produced 3 or 4 clulcheslyear with 40-88 sggelelulch. Egg sizes
(n=220) were 31948157 mm In width (range 26.89-34.37 mm), 33:16+1.54
mim in length (range 29.39-40,48 mm) and 19.0041.67 g In welght (range
15.31-21.60 g). The mean Incubabion time of C. chitra eggs was 59+3 days (n
= 255) with & range of 55465 days al 24-42 °C alr temperature and 24-39 ¢
sand temperature, Hatchling sizes (n=297) ware 38 46+1.52 mm In carapaca
widih (range 32.00-41.67 mm), 42.97+1.58 mm In carapace length (range
36.27-46.66 mm) and 13.10+1.03 g in weight (range 9.09-14.88 g). The
halching sucéess in each clulch vared fram 3 to 84 %. The hatchiings wero
fed with fry fishes of Labeo rohita and Orecchromis niloticus, After 14 weeks,

mean hatchling size was 86.70+45.17 mm carapace widlh, 21.72+575 mm
carapace length and 103.97+18.08 g weight, respectively, The survival rata of

juveniles was 90.64%,

Key words: Chitra chilra, softshell turtle, captive breeding, incubation, growth
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Introduction

The Slamese narow-headed sofishell turle, Chitra chitta Mutphand,
1586, is found In Thailand, Malaysia, and Indonesia {Thirakhupt and van Dijk,
1894} Engstrom ef al,, 2002, Kitlmasak and Thirakhupt, 2002 MeCord and
Pritchard, 2002). It {= probably the |argest sottshell and freshwater lirtie in
the world (Pritchard, 2001), Al populations of this species are declining, and
It is considered very rare In all these countries. UGN (2040) listed Its status
as "cnlically endangered” due lo ts extremely high nisk of extinclion In the
world,  The causes of s decline are dus malnly to the reduction of sultable
habltat resulling from. dam construction and ather human-related  habitat
nlterations, and from axplollation for food and the snimal trade {Thiakhupt
and van ik, 18994),

Mol and Mol [2000) staled that captive breeding programs: may ba an
important congervallon and  management mathods which can be used 1o
conserve fvaring turles under cartain clrcumstances — espedially whor
sultable natural habltal remaeins for the release ol hatchiings or head-started
|uvaniles produced by this methedalegy.  Unforunately the apporlunity 1o
npply Ihis approach loward C. chitra’s conservation and felurn  toward
haalthier population sizes In nature has been hampered by our inadequate
knowladge concerning lts basie biological requirements, and consequently, of
lhe most effective techniques for successiul maintenance and breeding of
captives. This study waa conductad to provide data which will allsviate these
deficiencles, and (herefore provide a sound protocel for successful captive
mantenance and breeding of adult C. chitra, and the maintenanca and growth
of hatehling €. chifra to-a size which Is deemed most suitable for release into
natural babitats.



