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A B STRA CT 

· B a t agu r b a s k a , C a l l agu r b orn e o e n s i s ,  C u o r a  a m b o i n e n s i s ,  

Cy c l emy s d e n t a t a , O r l i t i a  b o r n e e n s i s ,  S i e b e n roc k i e l l a  cr a s s i 

c o l l i s ,  a n d  T r i o nyx c a r t i l a g i n e u s ar e s u g g e s t e d  t o  b e  o m n i vo r o u s  

by d i et a n a l y s i s o  Cycl emy s a n d  O r l i t i a  a r e t h e  m ore h e r b i voro u s  

of t h e  s e v e n  s p e c i e s e x am i n e do B a t a g u r  a n d C a l l agu r  a r e  two 

c l o s e l y r e l a t e d  s ym p a t r i c s p e c i e s tha t a p pea r t o  h ave d i v e r g e d  

s u f f i c i e n t l y  t o  e l i m i n a t e  c o m p e t i t i on f o r  f o o d  r e s o u r s e s , a s  

i n d i c a t e d  by M o r i s t a1s In d e x  o f  N i c h e  Ove r l a po Al on g the P e r a k 

R i v e r  a n d  i t's t r i b u t a r i e s  i n  W e s t  M a l a ys i a ,  B a tagur a n d  Ca l l agu r 

f e e d  p rim a r i l y  u p o n  the f r u i t  o f  the b e r e m ban g t re e . In T r e n g g 

a n u  ( e a s t e r n  M a l a y s i a) , t h e  b e r e m b a n g  i s  a b s e n t  o r  r a r e  a l o n g  

t h e  r i v e r s , t h u s  o t h e r  f r u i t s a n d  l e a v e s  m a k e  u p  t he d i e t of 

t h e s e  two  s p e c i e s o  Two o t h e r  s p e cie s s har e  s i mi l ar hab i t a t s , 

C u o r a  a n d  S i e b e n r o c k i e l l a .  T h ey a l s o  a p p e a r  t o  h a v e  eli m i n a t e d  

comp e t i t i o n f o r f o o d  r e s our s e s o C u o r a  t e n d s t o  b e  m o r e  h e r b i v o r

o u s f e e d i n g  a l o n g  t h e  s h o r e l i n e a n d  S i e b e n r ock i e l l a  m o r e  o f  a 

s c a v e n g e r o L i t t l e i s  k n o w n  a b o u t  t h e  d i e t o f  Or l i t i a o  B a s e d o n  

on e i n d i v i d u a l 's two  fe c a l  s am p l e s , O r l i t i a  i s  h e r b i vo r o u s o 

E x am i n e d  f o r  c e r t a i n  r e p r o d u c t i v e  c h a r a c t e r s  were C u o r a 

amb o i n e n s i s ,  Cy clemys d e n t a t a , a n d  S i e b e n ro c k i e l l a  c r a s s i c o l l i s o 

C u o ra a p p e a r s  t o  b e  a s e a s o n a l n e s t e r  o n  t h e  e a s t  ( i n v o l v i n g 

A p r i l ,  M a y , a n d  J u n e) a n d  we s t  ( i n c l u d i n g a t  l e a s t  O c t o b e r  a n d  



a n d  N o v em b e r) c o a s t s o f  We s t  Ma l ay s i a. N e s t i n g  o c c u r s  d u r i n g  

t h e  dry peri o d s ; b e t w e e n  t h e  n o r t h e a s t  a n d  s o u t hwest mo n s o ons . 

C l u t c h  s i z e i s  s m a l l w i t h  r e l a t i v e l y  l a r g e  eg g s  a n d  t h e  r e p r o

d u c t i v e p o t e n t i a l  i s  a t  l e a s t  s i x  e g g s  p e r  n e s t i n g  s e a s o n o 

Cy clemys i s  a l s o  a s e a s o n a l  n e s ter  ( M a y  and Jurie o n  e a s t  c o a s t  

a n d  a t  l e a s t  M a r c h o n  t h e w e s t  c o a s t) . T h ey p r o d u c e  o n e  or two  

c l u t c h e s  of  l a r g e  e g g s  w i t h  a r e p r o d u c t i v e  p o t e n t i a l  a r o u n d  t h r e e  

t o  f i v e  e g g s  p er s e a s o n o  Si e b e n r o c k i e l l a  i s  a s e a s o n a l n e s t e r  i n  

t h e  e a s t  c o a s t  d r a i n a g e s  {p r i o r  t o  J u n e  a n d  a ga i n i n  De c e m b e r)o 

I t i s  n o t  c o n c l u s i v e i f  t h ey a r e  s e a s o n a l  n e s t e r s  on the we s t  

c oa s t  d r a i n a ge s  ( s om e  a c t i v i ty i n  Ja n u a ry a n d  Oc tob e r)9 

S i e b e n r o c k i e l l a  l ay s  m u l t i p l e c l u t c h e s  (a s  doe s Cuor a) o f  r e l a

t i v e l y l a r g e  e g gs w i t h  a r e p ro d u c t i v e  pot e nt i al of si x to n i n e  

e g g s p e r  s e a s o n o Cyc1emy s ha s a sli ght l y  d i ffere n t  n esting 

s t r a t e gy t h a n  C uora a n d  S i ebenrock i e1l a9 It i s  suggeste d that 

Cyc l e my s' n e s t i ng s t r a t e g y  i s  t o  r e d u c e  pr e d a t i on of the n e s ting 

fem a l e o  W h e re a s , Cu o r a's a n d  S i e benroeki ell a's strategy is to 

p r e v e n t  p r e d a t i o n on t h e  e g g s o Cu o r a , Cyclemys and Sie b e n rock

iel l a  c om p r om i s e  w i t h  a r e p r o d u c t i v e  s t r a t e gy f o u n d  a m o n g  s em i 

a q u a t i c ,  t r o p i c a l  t u r t l e s o 
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INT ROD U C T I ON 

.we s t  M a l ay s i a  i s  a s ma l l c oun t ry a p p r o x i mat e l y  th e s i z e o f  

th e s t a t e  o f  Il l i n o i s ,  l o c a t e d  a t  t h e  t i p  o f  th e M a l ay s i an p e n i n 

sul a. F i v e  c h e l o n i a n fami l i e s  r e p re s e n t e d  by  2 3  s p e cie s h a v e  

bee n r e p o r t e d  f o r  t h e  p e n i nsul a a n d  m o s t  o f  t h e s e  o c c u r  i n  W est 

Ma l ay s i a  ( M o l l ,  1 9 7 6 ) 0 

R e l a t i v e l y l i t t l e h a s b e e n  w r i tt e n  co n c e r n i n g t h e  e c o l o gy o f  

this div e r s e  c h e l o n i a n a s s embl a g e o Muc h o f  t h e  o l d e r  l i t e r a tur e 

conc e r n e d  t a xo n o my a n d  d i s t ribut i o n o So m e  i n f o rm a t i o n o n  h a b i t a t , 

die t , a n d  r e p r o d uc t i o n  wa s p r o v i d e d  b y  C a n t o r  ( 1 8 47 ) , T h e o b a l d 

(1868), F l owe r ( 1 8 9 9 ) , B oul e n g e r  ( 1 9 1 2 ) , De R o oij ( 1 9 1 5 ) , an d  

Smit h ( 1 9 3 1 ) 0 M o l l ( 1 9 7 8 , 1 9 8 0 a ) d e s c r i b e d  t he natural h i s t o ry 

of the  r i v er te r r a p i n ,  B a t agur b a s k a , a n d  in 1 9 8 0 b  d i s cus s e d  t h e  

hab i t a t  a n d  s a l t w a t e r  a d a p t a t i o n  o f  t h e p a i nt e d  t e r r a p i n , C a l l a� 

.9.Y.!:_ b o r n e o e n s i s o  

T h e  b a t a gur i n e  emydid s c om p r i se 4 8% of t h e  c h e l o n i a n s  p r e s e n t  

in We s t  M a l a y s i a  ( M o l l , 1 9 76 ) 0 M ost o f  t h e  emyd i d  s p e c i e s a r e  

amph i b i ous ( e.g o Cuo r a , Cyc l e mys , N o t o c h e l ys , S i e b e n r o c k i e l l a ) o 

Heos emy s  s pin o s a , a l t h oug h t e n d i n g t o  b e  m o r e  a m p h i b i ous a s  a n  

adul t ,  i s  t h e m o s t  t e r r e s t r i al o f  t h e  g r o u p  ( M e r t e n s , 1 9 7 1 ; M o l l ,  

1976)0 Ba t a gur b a s k a a n d  C a l l agur b o r n e o e n s i s  ar e t h o r o u g h l y  

aqua t i c ,  i n h a b i t i n g  t h e  l a r g e  r i v e r s  o f  W e s t  M a l a y s i a  ( S m i t h , 1 9 3 1 ; 

Mol l ,  1 9 7 6 ) 0 D oga n i a  s u bpl a n a , P e l o c h e l y s b i b r o n i ,  a n d  T r i o ny x  
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car t i l agi n eus a r e r e p r e s e n t a t i v e s  o f  t h e f a m i l y  T r i o n yc h i d a e  
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foun d o n  i s l a n ds i n  t h e  a re a  ( Sm i t h ,  1 9 3 1 ) a n d  T r i o nyx i s  o c c a s i o n 

all y  c a p t u r e d  i n  e s tua r i e s ( M o l l ,  p e r s o n a l c ommun i c a t i o n ) o 

Th e r e ma i n i n g c h e l o n i a n famil i e s , Ch e l on i i d a e , D e rmoc h e l y i d a e , 

and Te s t u d i n i d a e , o f  We s t  M a l ay s i a  w i l l  n o t  b e  d i s cus s e d  i n  t h i s 

papero 

A su mma t i o n o f  h a b i ta t  a n d  d i s t ribut i o n  f o r  th e e my d i d s a n d  

tr i o nychi d s  of We s t  M a l ay s i a  i s  s h ow n  i n  Tab l e lo 

T h e  pr i m a ry g o a l s o f  t h i s st u dy we r e : (1 ) a n a l yz e  a n d  i t e m i z e  

the di e t s  fo r s ele c t e d  spe c i e s  o f  We s t  M a l ay s i an tur t l e s , (2) c om

pare th e d i e ts of c e r t a i n  s p e c i e s  t h a t  s h a r e s i m i l a r h a b it a t s , a n d  

(3) i n te r p r e t  repr o d uc t i v e  i n f o rm a t i o n i n  t e rms o f : 

(a) s iz e  a t  sexua l ma tur i ty 

( b) tim i n g  of t h e  o v a r i a n  cy c l e  

(c } egg s i z e 

( d } e g g  l e n g t h  i n d e x  ( E LI } 

( e } egg w i d t h  i n d e x  ( E W I } 

(f } c l ut c h s i z e 
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( h } r e p r o duc t i v e  p o t e n t i al  ( RP } 



3 

T A B L E  1 .  D I S T R I B U T I O N S  A N D  H A B I TAT S  FO R SEL E C T E D  S P E CIES 

O F M A L AYSIA N TU R T L E S  

SPE CIE S 

E MYD I D A E  

B a t agur b a s k a ( G r a y ) 

C a l l agur b o r n e o e n s i s  
( S c h l ege l a n d  Mul l e r ) 

Cuo r a  a m bo i ne s i s ( G r ay  

Cyc l emys d e n t a t a  ( G r ay ) 

H e o s emys sp i n o s a  ( G r a y ) 

H e o s e my s  gr a n d i s  ( G r a y ) 

N o t o c h e l y s  p l a ty n o t a  ( Gr ay ) 

Orl i t i a  b o r n e e n s i s ( G r ay ) 

S i e b e n r oc k i e l l a  c r a s s i c o l l i s 
(Gr ay ) 

T R I ONYC H I D AE 

Doga n i a  subpl a n a  ( G e o f f r oy ) 

P e l o c he l ys b i b r on i  ( Owe n ) 

T r i o n x c a r t i l ag i n eus 
B o d d a e r t ) 

DIS T R I B U TIO N 

B e nga l , Burm a , M a l a y s i a ,  s out h ern 
V i e t n a m , Sum a t r a o 

B o r n e o , M a l a y s ia , Sum a t r a  

B o r n e o , M a l a y s i a ,  P h i l i p p i n e s , 
T h a i l a n d , Sul a we s i o 

Burm a , C a m b o d i a ,  In d i a ,  M a l ay s i a, 
P h i l i p p i n e s , T h a i l a n d , S i a m o  

B o r n e o , Burma , C ambo d i a ,  I n d i a ,  
M a l a y s i a ,  N a tun a I s l a n d s , S i a m ,  
Sum a t r a , T h a i la n d o 

Burm a , C a m b o d i a ,  M a l a y s i a , Siam, 
T h a i l a n d . 

B o r n e o , M alay s i a ,  s out h e r n V i e t
n am ,  Sum a t r a , T h aila n d o 

B o r n e o , M a l ay s i a ,  Sum a t r a o 

B o r n e o , Burm a , M a l a y s i a ,  S i a m ,  
s out h e r n  Vie t n a m , Suma t r a , 
Th a i l a n d o 

B o r n e o , Burma , J a v a , M a l a y s i a ,  
P h i l i p p i n e s , S i a m ,  Sumat r a , 
s out h e rn T h a i l a n d o 

B e nga l , B o r n e o , Burma , C h i n a , 
N e w  Gui n e a , M a l a y s i a ,  P h i l i p p i nes 
S i a m , s out h e r n V i e t n a m , Sum a t ra,, 
T hai l a n d ,  J a v a , I n d i a o  1 

B o r n e o , Burm a , C a m b o d i a ,  J a v a , 
M a l a y s i a , S i a m , s out h e r n  V i e t nam 
Sum a t r a . 



HABITAT 

Aquati c:  De e p ,  s l o w - m o v i n g r i v e r s ; 
e s tuari e s; c a n a l se  

Aquati c :  e s tuari e s; t i d a l  are a s 
o f  r i v ers ; c a n als o 

Sem i -aquat i c :  l ow l a n d s ; p o n d s ; 
m ars h e s; pa d d y  
f i e l d s , s tre a m s o  

Semi-aqua t i c :  l o w l a n d  & h i l l  s t rea m s  

Terres t r i a l /a m p h i b i ous : m o i s t , 
wo o d e d  h i l l  a n d  m o un t a i n  t e r
ra i n ;  r i c e  fie l d s ; hil l s tre ams o 

Semi -aqua t i c: p o n d s ; d i t c h e s ; p a d dy 
h i l l s  a n d  l ow l a n d s o 

Semi-a qua t i c: l ow l an d s; j un g l e 
s w a m p s ; p o n d s o 

Aquatic : s l ow-fl ow i n g  r i v ers ; 
l a k e s ; s wam p s o 

Semi-aqua t i c: p o n d s; m ars h e s; 
s l ugg i s h  s t re a m s ; ri c e  
pad dies o 

Aquatic : r i v ers , h i l l ,  m o un t a i n , 
or l ow l a n d  s tre a m s o 

Aquati c :  d e e p , s l o w m o v i n g 
r i v e r s ; e s tuar i e s o 

Aquatic: muddy , s l ow - m o v i n g riv ers ; 
d i t c h e s ; p o n d s; s w a m p s ; 
h i l l s tre a m so 
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S m i t h , 1 9 3 1 ; T ay l or ,  1 9 70 0 

B oul e n g er ,  1 9 1 2; De R o o i j ,  1 9 1 5 ; 
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De Ro o i j ,  1 9 1 5 ; F l ower , 1 8 9 9 ; 
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MET H O DS A N D  MATERIALS 

S p e c i me n s for t h i s  s tudy were c o l l e c t e d  by  Edward O o M o l l i n  

Wes t  M a l a y s i a  fro m S e p t e m b er 19 7 5  t o  Augus t 1 9 7 6 , a n d  aga i n  i n  

the s ummer o f  1 9 7 8 , a n d  n o w  re s i d e i n  t h e  S qrugg's Mus eum a t  

Eas tern I l l i n o i s U n i v e r s i ty o T h e s e  col l e c t i on s  repre s e n t  t hre e 

stat e s , P era k (P k) o f  t h e  w e s t  c o a s t  dra i n age s , P a h a ng (P g) a n d 

Tre n gga nu  (T g) o f  t h e  e a s t  c o a s t  dra i n age s o 
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C o n t e n t s  o f  s t om a c h ,  i n t e s t i n e , a n d  f a c e s  w e r e  s ort e d  a n d  f o o d  

i tems  i d e n t i f i e d o E a c h  f o o d  ty p e  w a s m e a sur e d  v o l um e tri ca l l y  by  

water d i s p l a c em e n t  for t h e  i n d i v i d ua l sam p l e s . T h e  prey i t ems were 

cate g ori z e d  i n t o  d e s i g nat e d  fo o d  c l a s s e s  (Ta b l e 2) o F o r  e a c h  s p e 

c i e s  f o o d  d a t a  were c o m b i n e d  a n d  e x pre s s e d  a s  (1 ) t o t a l  v o l ume 

( TV) - t h e  t o t a l a moun t of a c ert a i n  f ood t y p e  e x pre s s ed i n  mi l l i 

l i ters , (2) t h e  i n d i v i dua l perc e n t a g e  of vo l ume (%IV) " e xpre s s e d  

as a p erc e n t o f  t h e  t o t a l  v o l um e  o f  a gi v e n  f o o d  ty p e  foun d i n  a l l  

samp l e s h a v i n g t h a t  p art i cul ar food i t em , ( 3) t o t al p e r c e n t age o f  

vol um e  {%TV) - a v era g e  p erc e n t age o f  t ot a l  com pris e d  b y  a g i ve n  

ki n d  o f  fo o d , a s  r e c k o n e d for a l l gut s exami n e d  w h eth e r  or no t they 

con ta i n e d  t h a t  g i v e n  k i n d o f  g o o d , ( 4) freque n cy o f  occurrenc e 

( %FO) - p erc e n t a g e  o f  turt l e s i n  whi c h  a g i v e n  food i t em w a s  foun d 

( Mol l a n d  L e g l er , 19 7 1 )0 T o  c o m p are the a m oun t of over1ap·;n die t 

betw e e n  s p e c i e s , s i z e c l a s s  or l o c a l i ty ,  M o r i s ta•s i nd ex of n i c h e  

overl a p  m o d i f i e d  by H o r n  wa s us e d  (B e rry , 19 7 5): 

CA = 2l: X.Y./ L: x.2 + � v.2 
1 1 1 1 

Wh ere , x. i s  t h e  p ro p ort i o n  of t h e  ;t h  
c a t e gory ( = f o o d  c l a s s) 

1 



TABL E 2 o FOOD CLASS DESI G N AT IONS FOR FOODS ANALYZED 
FROM CE RTAIN MALAYSIAN T U RT LES 

Class l : Aquatic Sedges and Grasses 

Class 2 :  Other Leaves and Stems 

Class 3 :  Algae 

Class 4: Berembang Fruit 

Class 5 :  Other Frui t Material 

Class 6: Clams 

Class 7:  Snails 

Class 8 :  Insects 

Class 9 :  Vertebrates 

Class 10: Unidentified Material 

6 
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utilized by species - size class or locality sample X ,  and Yi is 

the proportion of the ;th category utilized by sample Yo C� will 

vary from 0 (no overlap) to a maxi mum of l when there is complete 

overlap and i n  the same proportion. For this study, X; is the 
' 

percent of the total volume of food class i i n  speci es - size 

class or locality sample X ,  and Yi is the percent of the total 

volume of food class i in sample Yo 

Reproductive data were analyzed for three species, Cuora 

amboinensis, Cyclemys dentata, and Siebenrockiella crassicolli so 

Carapace lengths were measured with vernier calipers to the near

est millimetero Sexual maturity was determined by examination of 

the gonads and secondary sexual characteristicso Females were 

considered mature by the presence of enlarged, yolk-containing 

follicles, and/or oviducal eggs, and/or corpora 1uteao Most of the 

males examined had previ ously been labeled mature or immature9 

However, the criteria for determining sexual maturity in males is 

presence of secondary sex characteristics (e.g. enlarged tail) or 

sperm in the epididymideso 

Oviducal eggs, enlarged follicles (greater than six milli

meters), and corpora lutea were counted and measured with vernier 

calipers to the nearest Oo l millimeter. This information was used 

to determine the following : ELI - egg length index, determined by 

dividing the mean egg length of clutch by the female' s carapace 

length; clutch size; RE - reproductive effort, determined by divid

ing the clutch weight by the female' s body weight; RP - reproduc

tive potential, as the total number of eggs laid per season, 

determined,from corporalutea, enlarged ovarian follicles and ovi

ducal eggs; timing of the ovarian cycle. 
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RESULTS OF D I ET 

The majority of the species examined were omnivorouso The 

samples were separated by locality for comparisono Diets of two 

pairs of sympatric species with similar habits ( Batagur-Callagur 

and Cuora · - Siebenrockiella ) were compared using Morista's index. 

Dietary data on three additional species are also presented 

Cyclemys, Orlitia, and Trionyx ) o 

Batagur baska and Callagur borneoensis 

Batagur and Callagur are batagurine emydids that co-habit the 

estuaries of large rivers in West Malaysiao Being closely related 

to Batagur, Callagur is seemingly a more formidible competitor 

than other species sharing the tidal areas of large rivers ( eogo 

Trionyx cartilagineus and Pelochelys bibroni ) ( Moll, 1980a ) o 

Boulenger ( 1912 ) reported Batagur as ominvorouso Smith ( 1931 ) 

later regarded Batagur as herbivorouso Data in Table 3 supports 

ominvory; vegetation comprised 78o 5% of the total samples examined 

for Batagur, with only 2lo 5% of the total volume being animal 

materialo The leaves and stems consisted mainly of unknown dicots 

combined with some aquatic-type sedges identified as Scleria sp0 

The fruit material is described and identified in more detail in 

Moll ( 1980a ) . Berembang ( Sonneratia spo ) , a mangrove fruit, was 

an important fruit consumed by Batagur and comprised 97076% of the 

total volume of Perak samples ( Moll, 1980a ) o 

Rare along the rivers in Trengganu Berembang was lacking from 

Batagur's diet in that localityo Other fruit consumed such as, 

watermelon, grape, padi, and chili peppers, indicate that Batagur 
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,.. 

TABLE 3. Composition of fecal samples from Batagur baska (12 sub
adult to adult from Perak; one adult and two juveniles 
from Trengganu)o 

(Total Volume expressed in milliliters) 

TV % I V  %TV %FO 

Perak (N=l2) 

Leaves and stems 393050 47009 45o 2 9L7 
Fruits 219005 32045 25o 2 83o3 
Clams 257000 46.92 2906 58o 3 

TOTAL 869055 lOOo O 

Trengganu (N=3) 

Leaves and stems 192000 59.20 59o 3 10000 
Fruits 132000 40069 40o 7 100.0 
Clams + + + lOOo O 

TOTAL 324000 100 .. 0 

TOTAL (N=l5) 

Leaves and stems 585050 50050 49o l 93o 3 
Fruits 351005 30090 29o 4 8607 
Clams 257000 30o 3 21 0 5 6607 

TOTAL ll93o S5 lOOo O 



10 

tends to feed on human refuse which is dumped into the riversa 

The only animal material found were small pelecepod mollusks 

(10-13 mm in length)o These comprised 58o3% of the Perak samples 

and 2906% of the total volumeo They were found in all three samples 
, 
(one �dult and two juveniles} from Trengganu but in trace amountso 

No differences in diet between juveniles and adults were evidento 

Boulenger (1912} and De Rooij (1915} recorded Callagur born

eoensis as herbivorouso Data in Table 4 suggests ominvory with a 

preference for vegetationo Plant material comprised 9901% of the 

total volume of food consumed as compared to 0.3% animal material. 

Possibly the animal material consumed was accidental, being con-

sumed along with the vegetation0 However, 12 juveniles kept at 

EIU readily eat meat and presumably would do so in the wildo 

The gut of an adult Trengganu specimen (EOM 2390) was packed 

with fine gravel with only trace amounts of vegetation (ToVo,1.5 

ml)o The gravel was probably consumed while the animal was scoop

ing up vegetation from shore or river bottomo 

Berembang (Table 5) represented 76ol% of the total volume of 

fruit material consumed by Perak specimenso This fruit appeared 

to be an important food source for Callagur and Batagur in Perako 

Other fruits (eogo chili peppers, durian) consumed indicate that 

Callagur, like Batagur, feeds on human refuse discarded into the 

riverso 

Leaves and stems comprised 10.1% of the total volume of food 

while grasses and sedges comprised 2lo2% (Table 4)o Presumably 

these were consumed along the shorelineo Moll (1980a) stated 

that Batagur feeds along the shorelines at high tide when shoreline 
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TABL E 4 .  Composition of digestive tracts and fecal samples of 
18 subadult to adult Callagur borneoensis from the 
Perak river and an adult from the Trengganu Rivero 

I... 

TV %IV %TV %FO 

Perak ( N=l8 ) 

Leaves and stems 3030 9 100 1 100 1 0 94.4 
Grasses and sedges 6380 0 59o0 210 20 1 1. 0 
Fruits 20420 7 670 8 670 80 1000 0 
Clams 7o5 70 8 Oo20 5o5 
Snails 1.0 1 0 0 Oo03 5o5 
Insect 2o0 0.4 0.07 1 10 0  
Unidentified 180 0 2.5 0.60 5o5 

TOTAL 301301 100000 

Trengganu ( N=l ) 

Grasses and sedges LO 660 7 660 70 lOOo O 
Fruits + + + 1000 0 
Unidentified Oo 5 33o3 33.30 1000 0 

TOTAL CT lOOoOO 

TOTAL ( N=l9 ) 

Leaves and stems 3030 9 10 0 1 lOo lO 89o 5 
Grasses and sedges 6390 0 59.0 210 20 160 0 
Fruit 204207 6708 670 80 100.0 
Clams 7.5 708 Oo20 5.3 
Snails lo O 1 0 0 Oo03 5o3 
Insect 2o0 0. 4 0.07 10.5 
Unidentified 180 5 2o5 0.60 10o5 

TOTAL 30140 6 100000 



TABLE 5, Analysis of fruit and seeds for Cal1agur borneensis 
from the Perak River (N=l8) 

Perak (N=l8) 
Berembang 

(Sonneratia spo ) 

Durian 
(Durio zibethinus) 

Chili 
(Capsicum annum) 

Unidentified 
TOTAL 

TV 

1 55309 

338 11 2 

2o 9 

147 07 
204207 

% I V  %TV %FO 

58o 0 76 0 1 94o 4 

36. 1 1606 44o 4 

Oo 2 0 0 1 33o 3 

14 \> 3 _Ld 38o 9 
lOOo O 

1 2 



vegetation is submerged and accessible. 

Certain generalizations can be made from Morista's index 

(CA values) calculated for Table 68 ; 

(a) Intraspecific overlap is greater than interspecific 

overlap for BatagurQ This is not evident for Callagur, 

because of the small sample sizeo 

(b) The overlap values are low for Callagur and Batagur 

where they occur together in Trengganu and slightly 

higher for Perako 

1 3  

Table 7 depicts overlap values for Batagur and Ca1lagur 

separated on age; adults versus juvenile (samples from Perak and 

Trengganu combined)o The high overlap values for Batagur adults 

and juveniles is expectedo The interspecific overlap between 

Batagur juveniles and Callagur adults (Cl=.808} is significant. 

To determine where the overlap is most significant overlap values 

were calculated for Batagur juveniles of Trengganu (Cl=o269) and 

Perak (CA=o 824) then compared with Callagur �dults from Perak9 

The only significant overlap occurred between Batagur juveniles 

and Callagur adults of Perako This could imply competition for a 

food source between the two species-age groupso 

Callagur is the more herbivorous and Batagur more omnivorous. 

Along the Perak river both species feed primarily on the leaves, 

stems and fruits (particularly berembang) of shoreline vegetation 

(especially at high tide)o 

On the east coast, along the Trengganu River, berembang trees 

are scarceo Other plants and fruits replace the berembang in the 

diets of Callagur and Batagur. It appears Ca11agur feeds on 



TAE·LE 6. A. 

(N) 

P k-Bb ( 12) 
Pk-Cb ( 18) 
Tg-Bb (3) 
Tg-Cb ( l) 

Bo 

Percenta9es of total volume of each food class 
(Table 2) for each species-locality class sample 
(Bb-Batagur baska, Cb- Ca11agur borneoensis, 
Pk-Perak, Tg-Trengganu)o 

FOOD CLASS 

1 2 3 4 5 6 7 8 

45o 3 l5o 2 lOo O 29o 5 
2L2 l 0 0 l 28o 5 39o 3  Oo 2 0 03 .07 

59o 2 4008 + 

66.7 + 

c" values (Abbreviations in text and Part A) 

Pk-Cb Tg-Bb Tg-Cb 

Pk-Bb .420 0 7 41 .002 
Pk-Cb .545 .350 
Tg-Bb .ooa 

14 

9 10 

0.6 

33o 3 



TABLE 7. A. Percenta9es of total volume of each food class 
(Table 2) for each species-age class sample 
(A-adult, J -juvenile) of Batagur (Bb) and 
Callagur (Cb)o 

Bb-A 
Bb-J 
Cb-A 

(N) 

( 10) 
(5) 
(19) 

1 

21.2 

Bo C>. Values 

Bb-A 
Bb-J 

2 

FOOD CLASS 

3 4 

7o9 
36.5 
28.5 

Bb-J Cb ... A 

0554 
0808 

5 6 

2lol 3.3 
29o0 Oo2 

7 8 9 10 

39o3 Oo2 Oo03 Oo07 

15 



grasses and sedges while Batagur feeds on more leafy {stems) vege

tationo Various other fruits such as, padi, watermelon, durian, 

and chili peppers were consumed by both species as previously 

mentioned. 

tompetition for food does not seem to be significant among 

the adults of Batagur and Callagur inhabiting the Perak Rivero 

16 

The supply of berembang may be sufficient for both s pecies to 

harvesto The high overlap in the diets of Callagur adults and 

Batagur juveniles of the Perak River may be a result of the small 

sample size (only three juvenile Batagur samples from Perak River 

versus 18 Callagur samples)o Further investigation should be con

ducted to determine the machanisms of co-existence for these two 

emydidso 

Cuora amboinensis and Siebenrockiella crassicollis 

Cuora amboinensis is omnivorous (Table 8) • . Flower ( 1899) and 

Smith (1931), stated that Cuora was herbivorouso Boulenger (1912) 

Boulenger (1912) reported that although Cuora was primarily a vege

tarian, it would eat flesho Data indicates that vegetation predom

inated Cuora dieto Plant material comprised 84o4% of the total 

volume consumed and animal material 1 06% 0 Of the plant material, 

Cuora seems to prefer grasses and sedges (72o 5%TV) that surround 

its habitat of streams, marshes, and ponds {Table l)o Grasses and 

sedges also occurred in more individual samples (%F0=68o7) than 

any other food itemo In Pahang, it was the only food consumed. 

Animal material consists mainly of small aquatic insects (unidenti

fied) and in one sample (EOM 2233) the remains of a spider was 
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TABLE 8. Composition of food samples from Cuora amboinensis 
(10 subadult to adult and one juvenile from Perak; 
three subadult to adult from Pahang; two adults 
from Trengganu)o 

TV %IV %TV %FO 

Perak ( N=ll) 
Leaves and stems 7o5 51.6 2o3 1800 
Grasses and sedges 232\>0 94o3 71o0 64o0 
Fruit 20o5 12o5 60 3 36o0 
Insect 3o0 6 9 1 Oo9 1800 
Fish 3o5 80 8 loO 9o0 
Unidentified 60!!4 400 1 1805 36o0 

TOTAL 32609 lOOoO 

Pahang (N=3} 
Grasses and sedges 38 0 6 lOOoO lOOoO lOOoO 

Trengganu (N=2) 
Leaves and stems 23o 5 99o2 35o7 50o0 
Grasses and sedges 42.0 lOOoO 64o0 so.a 
Fish 0.2 098 0.3 50o 0 

TOTAL 65.7 lOOoO 

TOTAL (N=l6) 

Leaves and stems 31o0 40o9 7o2 18o7 
Grasses and sedges 31206 95 0 1 72o5 6807 
Fruit 20o5 12o5 4o7 25.0 
Insect 300 6 0 1 Oo7 12.5 
Fish 3o7 50 8  Oo9 12 .. 5 
Unidentified 60o4 40., 1 14o0 25o0 

TOTAL 43102 lOOoO 



found {possibly ingested along with vegetation ) . The few fish 

vertebrae found indicated a tendency to scavenge or may have been 

the bait used to trap the animalo 

Siebenrockiella crassicollis was reported to be carnivorous 
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by Ca�tor ( 1846 ) , De Rooij {1915), and Smith ( 193 l )o Table 9 

indicates an omnivorous dieto Infact, analysis of 19 guts or fecal 

samples indicates a predominantly plant diet ( 78o 2% TV)o Animal 

material comprised only 3o7% TV of food stuff o I n  Perak and Pahang, 

Siebenrockiella fed largely upon leaves and stems as compared to a 

diet of predominantly algae ( 29o 4%TV ) and grasses and sedges ( 21.1% 

TV ) for Trengganu specimenso An adult female from Perak {EOM 2303 ) 

consumed snails ranging in length from 109 cm to 2o 5 cm {body with

out shell ) and pelycepod mollusks ranging 048 cm - 108 cm in widtho 

Wings of a tropical termite and the ventral scutes of a small rep

tile {Oo SS cm x Oo 17 cm ) were also foundo Curiously an adult male 

(EOM 2280 ) collected in December from Pahang had consumed termite 

soldiers, which never leave the colony because they are blindo 

During that time period, however, heavy rains caused flooding, which 

possibly washed the termites into the habitat of Siebenroctie11a, 

It seems less likely that Siebenrockiella found the food on lando 

Unidentified material is high for Trengganu samples and appeared to 

have been scooped-up from a mucky bottomo Siebenrockiella apparently 

is more likely to feed in the water than land, and is opportunistic. 

The leaves and stems found in stomachs seemed partially decayed and 

may have been eaten by Siebenrockiella after falling into its 

habitato 
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TABLE 9. Composition of food samples from Siebenrockiella crassi
collis (Five adult from Perak; five adu1ts from Pahand; 
s1x subadult to adult and three juveniles from Trengganu}. 

TV % I V  %TV %FO 

Perak (N=5} 
Leaves and stems 320 6 94.8 59o 0 40o 0 
Algae 1206 98o 4 22o 7 40o 0 
Fruits 50 6 14o 7 l 0 0 l 40.0 
Insect + + + 20.0 
Snail 3o 4 77o3 6. l 20.0 
Clam O o 4 9. l 0.7 20.0 
Unidentified 0.8 l l. l 1.4 40.0 

TOTAL '5"5:4 lOOoO 

Pa hang (N=5} 
Leaves and stems 6406 96o 0 9006 80o 0 
Grasses and sedges 400 100.0 5.6 20.0 
Fruit Oo 7 108 LO 40.0 
Insect 2.0 2806 20 8 20o 0 

TOTAL n:3 100:0 

Trengganu (N=9) 
Leaves and stems 1600 26.2 7.2 11. 0 
Grasses and sedges 46.8 69o 4 21 0 1 44.4 
Algae 65o 2 97o 0 29o 4 33.3 
Fruits 24.5 23o 4 11. 0 33o 3 
Fish 7o 0 1105 3o 2 1 100 
Unidentified 62.4 6lo 2 28. 1 55o 5 

TOTAL 2'2"1:9 100:0 

TOTAL (N=l9) 
Leaves and stems 113 0 2 6800 32o 5 36.8 
Grasses and sedges 5008 7L2 1406 26o 3 
A1gae 7708 97.2 22" 3 26o 3 
Fruit 3008 16.9 808 3608 
Insect 2o 0 1705 006 10.5 
Snail 3o 4 77.3 1.0 5o 3 
Clam 0.4 9o l 0 0 l 5.3 
Fish 7,0 l L5 2o 0 5o 3 
Unidentified 63.2 57o 9 18 0 l 36.8 

TOTAL 348:'6 100:0 
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Table 10 compares the percentages of total volume of each 

food class and overlap values (C�) for all Siebenr�tki�lla and 

Cuorao Table 11 compares adults and juveniles of each specieso 

Pahang and Trengganu (east coast drainages) samples were combined 

for itatistical purposes and compared to Perak (west coas t) 

sampleso The following generalizations can be made from the over

lap values: 

(a) Intraspecific overlap is higher than interspecific 

overlapo 

(b) Where Siebenrockiella and Cuora occur together, over

lap in diet is minimal as indicated by low valueso 

The minimal overlap between the two species where they occur 

together may be due to different feeding stratigies: {a) Cuora 

is less carnivorous than Siebenrockiella, (b) Cuora tends to feed 

on sedges and grasses more so than Siebenrockiella, (c) Siebenrock

te11a, is more of a scavenger, whereas Cuora appears to prefer bank 

vegetationo 

Based on two juvenile Cuora and a juvenile Siebenrockiella 

kept at Eastern Illinois University, Cuora is the more aggressive 

species and Siebenrockiella is secretive and shyo rn contrast, 

Smith (1931) described Siebenrockiella as a voracious feeder in 

captivity, and Cuora as dainty eater and timido 

Cyclemys dentata, Orlitia borneensis, and Trionyx carttlagineus 

Two gut samples of Cyclemys dentata from Trengganu contained 

100% vegetation (Table 12)o Leaves and stems comprised 8809% of 

the total volume and unidentified fruit and plant material (1 lo1%TV) 



TABLE lOA. Percentages of total volume of each food class for 
each species-locality class sample (S-Siebenrockiella 
crassicollis, C-Cuora amboinensis , Pk-Perak, Pt
samples from Pahang and Trengganu combined)o 

FOOD CLASS 

(N) l 2 3 4 5 6 7 8 9 

2 1 

10 

S-Pk (5) 59o0 22.7 l 0. l Oo7 0 0 l + L4 
C- Pk ( 11) 71.4 2.3 Oo 3 6 00 Oo9 1 0 l 1800 
S-Pt ( 14) 17o3 27o5 22o2 806 Oo7 2o 4  21 0 3 

C-Pt ( 5) 77.3 22o5 Oo 2 

B. c� Values (abbreviations in text 
and Part A.) 

C-Pk S- Pt C-Pt 

S- Pk 0046 0721 0250 
C- Pk 0460 0933 
S- Pt 0457 



.. · 

TABLE 11 Ao Percentages of total volume of each food class 
f or each species-age class sample (S-Siebenrock
iella, C-Cuora , A-adult, J-juvenile). 

S-A 
S-J 

C-A 
C-J 

(N) 1 2 

(17) 14 0 1 33o4 
(2) 30.9 
(15) 73o3 8 0 15 
( l ) 72.5 

BC? CA VALUE S 

FOOD CLASS 

3 4 5 

23.0 9o0 
Sol 

Oo2 20 8 

18o7 

S-J C-A C-J 

S-A 0427 .199 0 306 

S-J 

C-A 
.593 

6 7 8 9 

0 0 1 loO 00 6 2ol 

10 4 o.os 

80 8 

2 2  

10 

16.8 
64o0 
14 0 1 



comprised the rest. One female (EOM 2381 ) had eaten 4.5 ml of 

p ink plastic along wfth a trace amount of sando Theobald ( 1868 ) 

described Cyclemys as herbivorous, particularly feeding on the 

fruit of Ficus glomerata ( a fig ) o Smith ( 1931 ) claimed Cyclemys 

is ominovorous but did not describe food itemso 
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Nothing is published concerning the diet o f  Orlitia borneen

sis. I ex amined two fecal samples from one individual (EOM 0531 ) 0 

Plants comprised the total volume ( Table 12 ) o Fruit, identified 

as berebang comprised 85.8% of the total volume of food stuff. 

Like Callagur and Batagur, Orlitia inhabits the large rivers and 

canals of Perak feeding on berembang fruitq 

Trionyx cartilagineus is listed as carnivorous by Flower 

( 1899 ) , Boulenger ( 1912 ) , Smith ( 1931 ) , Smedley ( 1932 ) , and Taylor 

( 1970 ) 0 Flower ( 1899) stated his Trionyx preferred eating blue 

mussels rather than fish, frogs, or vegetation. Taylor ( 1970 ) 

reported Trionyx to eat chiefly fish, crustaceans, and amphibians. 

One female Trionyx obtained from a market in Perak and a fecal 

sample (EOM 2217 ) was available for this studyo However, the total 

volume ( 32 ml ) was undiscernible and considered detritus. It could 

be assumed the material was composed of decaying animal and/or 

plant material that was scooped from the bottom of a river. 



TABL E 1 2. Composition of food samples for Cyclemys dentata 
(Two adults from Tren9ganu) and Orlitia borneensis 
(one adult from Perak)o 

TV %IV %TV %FO 

Cyclemys dentata (N= 2)  

Leaves and stems 8 0 0 88.9 88. 9 l O Oo O 
Fruit + + + 5 0o 0  
Unidentified lo O 14o 3 1 1 0 1  5 0o 0  

TOTAL 9:0 lO Oo O 

Orlitia borneensis (N= l ) 

Leaves and stems 1 5o 5 6. 2 6 . 2  1 0 0. 0 
Fruit 214 0 2  85. 8 85. 8 10 0. 0 
Unidentified 2 0 . 0  1 0o3 8. 0 5 0. 0  

TOTAL 249 0 7 1 00.0 
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D ISCUSSION OF DIET 

Gauses' law of competitive exclusion works on the premise 

that no two species can occupy the same niche. Coexistence of 

two species occupying the same habitat is possible through niche 

segregationo I n  the habitat, portions of species' niches can 

overlap. This area of overlap is where competition would be 

expected. If competition is minimal the s pecies may coexisto 

For instance, if interspecific overlap occurs for a particular 

resource and the resource is abundant (e9go berem bang in Perak ) 

competition may be lacking ( Colwell and Futuyma, 1971). If the 

resource becomes scarce competition may become intense and result 

in eliminating one of the species or force the utilization of 

alternate resourceso There is the possibility that the resource 

may be proven to be irrevelent to one or both species9 

Batagur and Callagur co-exist in the same habitats, and feed 

on the abundant berembang fruit in Perako In Trengganu where 

berembang is scarce, Batagur consumes a diet of leaves, stems of 

dicots and mollusks while Callagur feeds predominatley on grasses 

and sedgeso Competition is minimal where food resources are con

cernedo Further studies into the life histories of these closely 

related species hopefully will provide insight into how they have 

diverged within their habitat to eliminate competitiono 

Cuora and Siebenrockiella also exist in the same habitats. 

Overlap for food resources again was minimal. Cuora feeds on 

grasses and sedges while Siebenrockiella consumes algae and 

scavengeso These two species have seemed to diverge sufficiently 

to eliminate competition and co-exist. 
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RE SULTS OF RE PRODUCTION 

Three species, Cuora amboinensis, Cyclemys dentata, and 

Siebenrockiella crassicollis, were examined to determine: size 

at s�xual maturity ( Table 13) ;  egg size; egg length index-ELI; 

egg width index-EW I ;  clutch size; reproductive effort-RE; 

reproductive potential�RP; timing of the ovarian cycles ( summa

rized 1n Tables 1 4  and 15) o 

Cuora amboinensis 

The largest specimen recorded had a carapace length of 2 5 0  

millimeters, although sex and locality w�re not disclosed ( De -

Rooij, 19 15) 0 Flower (1 8 9 9) recorded an adult male from Kedah, 

Malays ia with a carapace length of 216 mmo Data from 1 1 females, 

11 males, and 1 0  immatures suggests the sexes are similar in size 

with the adults ranging from 15 9 mm to 2 0 9  mm carapace lengths 

( Table 13) 0 
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Table 14 summarizes findings on the female reproductive 

cycleo Ovaries of three Pahang ( east coast drainage ) specimens 

from December have few enlarged follicles and appear to be in the 

latent ( quiescent ) period ( Moll, 1 9 7 9) of the reproductive cycle. 

An additional Pahang specimen from June was reproductively active 

with two old corpora lutea, an oviducal egg and sufficient en

larged follicles to produce a third clutch of oneo Two May speci

mens from Trengganu ( east coast ) are also reproductively active, 

possessing enlarged follicles, old and new corpora lutea, and one 

having an oviducal eggo Specimen EOM 235 7 had laid two clutches 

of one egg and had the sufficient enlarged follicles for up to 



TABLE 13. Carapace lengthes of Cuora ambo i nensis, Cyclemys 
dentata, and Siebenrockiella crassicollis collected 
in Malaysiao 

Mean = 1SD Range 

Cuora amboinensis 

Females (N) 
Adults ( 1 1  ) 17 7 0 4  .. lOoO 15 9 0 0 - 1 91 0 0 
Immature ( 8 ) 111 . 4  - 21 . 0  8 9o0 .. 141 0 0 

Males (N) 
Adults ( 11 ) 17 8 0 4  - 13o9 15 9 0 0 - 2 0 9. 0 
I mmature ( 2 ) 138. 0 - 18 0 4  12 5 0 0  - 151 0 0 

Cyclemys dentata 

Females (N) 
Adults ( 8 ) 19 7 . 2  - 3o9 1 91 0 0 ... 2 0 2 0 0  

Male s (N) 
Adults ( 4 ) 18 8 0 5  - 9o7 17 8 0 0  - 19 9 0 0  

Siebenrockilla crassicollis 

Females {N) 
Adults ( 1 5 ) 1 8 4 . 4  - 9o0 168 0 0 - 202 . 0 
Immature {3) 153. 0 - 3 0 6  14 9 . 0  - 156. 0 

Males {N) 
Adults ( 14 ) 18 0 0 0  - 8 0 4  169 0 0  - 19 8. 0 
Immature ( 3 ) 9 2  0 5 .. 7 0 8  8 8. 0 ... 101 0 5 

2 7  
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TABLE 14. Seasonal variation of gonadal characters for nine female 
Cuora amboinensis from West Malaysia;1 9 7 5-1 9 7 6, 19780 
(Carapace length - Cl; female weight - wt. ; Class I folli-
cles, 6- 8 mm; Class I I , 9 -15  mm; Class I I I , 1 6- 2 2  mm; 
Class IV, 23- 2 9  mm; N = new corpora lutea, 0 = old corpora 
lutea; mm = millimeter , g = grams) o  

F O LLICLE S IZ E  

DATE SIZ E CLASS E S  
Cl wt I I I  

October 1 8*** 18 7 9 5 0  1 
November 17*** 191 10 5 0  4 1 
December 2*** 183 10 0 0  4 3 
December 2* 15 9 7 0 0  1 2 
December 3* 1 8 0 8 0 0  1 
December 1 O* 165 9 0 0  2 4 
May 1 O** 1 7 9 12 5 0  4 2 
May 30** 18 1 10 0 0  7 
June 2* 171 7 5 0  l 

* 

** 

*** 

East coast drainage (Pahang) 
East coast drainage (Treng9anu) 
West coast drainage (Perak) 

I I I  

6 
3 

l 
1 
.. 

4 
5 
2 

IV 

.. 

l 

OV I D U C AL FIELD 
N 0 EGGS N U MB E R  

E O M  2232 
1 2 1 E O M  2 2 5 4  

EOM 2 27 5  
... EOM 2 2 76 

EOM 2 2 7 8  
E OM 2 2 81 

1 l 1 E OM 235 7 
1 2 - EOM 2361 
1 2 1 EOM 2363 
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TABLE 1 5 . Seasonal variation of reproductive characteristics for 
ten female Siebenrock i ella cr a ssico l l is from West 
Malaysia; 1 975- 76, 1978 0 (Cl - carapace length in milli 

meters; wt - weight of female in grams; C l ass I follicles 
6 - 8  mm; Class II, 9 - 1 5 mm; Class III, 16  .. 2 2  mm, Class IV, 
2 3 - 29 mm; N = new corpora lutea, 0 = old corpora lutea ) o 

FOLLIC LE SIZ E 

DAT E SIZE C LASSES OV I DUCAL FIELD  
Cl wt I II I I I IV N 0 E GGS NUMBER  

Octob e r  1 3*** 1 90 900 5 1 4 E OM 2 2 2 4  
Oct ob er 1 8*** 1 79 700 3 3 1 1 l .. EOM 222 8 
Dec embe r 2* 1 6 8 6 50 1 -- -- 2 - .. E OM 2 2 7 3  
Dec emb e r 1 8* 1 7 1 1 000 4 3 l .. 2 E OM 2 2 7 4  
January 2 7*** 1 8 6 1 000 2 3 2 2 EOM 2 30 2  
January 2 8*** 1 9 8 1 0 50 8 l 3 2 2 2 2 EOM 2 30 3  
June 6** 1 8 8 1 000 3 4 2 1 2 l EOM 2 3 79 
June 6** 1 7 7 1 000 "" 6 1 EOM 2 3 80 
June 23** 1 8 5 900 5 -- 1 E OM 2 3 8 7  
July 2 0** 1 70 6 4 1 ""! 1 4 -- E0M 2 4 4 3  

* East coast drainage ( Pahang ) 
** East coast drainage ( Trengjanu ) 
*** West coast drainage ( Perak 



three more clutches. The remaining May female (EOM 2361) had 

no oviducal eggs, one fresh and two very old corpor� lutea. Suf

ficient enlarged follicles were present to produce at least one 

more clutch of up to three eggso 

30 

_ 'Based on these limited data it appears Cuora is a seasonal 

nester in the east coast drainages. The nesting season definitely 

involves the months of May and June and presumably the month of 

April. This is a relatively dry period in Malaysia coming between 

the northeast and southwest monsoons. 

Three specimens from west coast drainages (Perak) are from 

October, November, and Decembero The October female has no eggs 

or corpora lutea but does have six enlarging follicles in size 

class three. The November female with three enlarged follicles 

(Class III), three corpora lutea and an ovtducal egg, has already 

two clutches and will probably produce at least one more. The 

December female has no oviducal eggs or cor po r a  1utea and no fol

licles in either of the upper two size classeso 

These scanty data suggest that Cuora als o are seasonal nesters 

on the west coast with December beginning the period of quiescence 

but again considerable more observation are needed te substantiate 

this. 

Based on numbers of corpora lutea and ovulatory size follicles 

the reproductive potential is at least six eggs per nest i ng season 

(Table 16)0 The clutch size is small, with all three gravtd fe� 

males having only a single oviducal egg. Egg size is relatively 
' 

large averaging 4 7 . 0  mm in length, an Ell of 0 2 6 1 and EWl of q14 9� 

The reproductive effort averaged .0 1 90 



TABL E 1 6 0 Mean egg length with extremes (millimeters) , E L I -egg length index, 
E W I -egg width index, clutch weight (grams) ,  R E -reproductive effort, 
R P -reproductive potential (eggs/season) for Cuor a amboinensis, 
Cyclemys dentata, and Siebenrockiella crassicollis o 

E g g  Lentth 
Re � "  Ex "'. r emes E L I E W I  

Clutch 
Weight R E  

Cuora amboinensis 

E OM 2 3 5 7  5 L O 0 2 8 5 0 1 5 1 2 4 o 0 0 0 1 9 
E O M  2 3 6 3  4 4 o 0 0 2 5 7  0 1 4 6 1 4 o 5  0 0 1 9 
E OM 2 2 5 4  4 6 o 0 0 2 4 1  - 20 o 0  0 0 1 9 

Mean 4 7 o 0  . 2 6 1  0 1 4 9 1 9 0 5 0 0 1 9 

Cyclemys dentata 

E OM 2 3 6 2  5 2 o 7  5 2 9 0 - 5 4 0 0 0 2 6 3  0 1 50 8 L 5 0 0 6 5 
E OM 2 3 8 1  60 o 4  5 9 9 7 - 6 1 ,, 5  0 30 5 0 1 4 3  8 9 o 2  0 0 7 1 

Mean 5 6 0 6  0 2 8 4 0 1 4 7  8 5 o 4  0 0 6 8  

Siebenrockiella crassicollis 

E OM 2 30 3  5 1 o 5 5 1 0 0 - 5 2 ,, 0  0 2 60 0 1 4 9 5 6 0 0 0 0 5 3  
E OM 2 3 80 5 L 5 0 2 9 1  0 1 5 9 2 4 0 5 . 0 2 4  
E OM 2 3 8 7  5 4 o l  0 2 9 2  0 1 7 1 3 3 o 5  0 0 3 7 

0 2 8 1  0 1 6 0 3 8 o 0  0 0 3 8  

R P  

7 
5 
6 
6 

4 
3 
3 . 5  

9 
6 
5 
6 0 7  

w 
..... 
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Cyc l emys dentata 

Eight adult fema l es and four adul t males co1 1 ecte d are  of 

simil ar size o The sma l lest ma l e  and female were 17 8 mm and 191 mm 

respectivel yo Adults ranged fr om 1 7 8 mm to 2 0 2  mm carapace 

l engths ( Tabl e 1 3 } o The l argest known specimen, a femal e recorded 

by Sm i t h ( 1 9 3 1 } , was 24 0 mm in carapace length a 

Two east coast specimens were available for the months of May 

and J une. Each possessed corpora l utea, oviducal eggs , and onl y  

one had an enlarged follic l e  ( diameter of 18 mm } 9 Both femal es 

may have comp l eted their nesting seasons after laying one clutch 

o f  three eggs ( mean egg l engths of 60 a 4  mm and 5 2. 7  mm, respect

ively } but possibly E O M  2 3 6 2  could lay a sing l e additional eggo 

W i th these scant data it appears Cyc l emys ' nesting season is 

near l y  compl eted by the end of  May and ear l y  June in the e ast 

coast drainages of Ma l aysia. 

A west coast ( Perak } specimen from March had four o l d  corpora 

lutea, one new and no enl arged f ollic l es indicating one or more 

ol der c l utches total ing four eggs, foll owed by a recent clutch of 

one at the end of its nesting cycle o 

Based on the small sample of corpora l utea and ovulatory size 

fe 1 1 i c l e s  the reproductive potential is around three to five eggs o 

Clutch size is smal l with relatively l arge eggs ( mean egg l ength 

of 56 0 6  mm } , an E L I of . 28 4 , E W I  of  . 14 7. The reproductive effor t 

averaged 0 068 ( Table 1 6 } . 

Nesting appears to be seasonal in West Mal ays i a, invol v i ng 

the months of May and June on the east coast drainages and at 

l east the month of March for the west coast drainages . 



Siebenrockiella crassico1 lis 

Data from 1 5  females, 14 males, and six immatures suggest 

that sexes mature at the same size and are simi l ar in size 

throughout life. Adult carapace lengths range from 1 6 8 mm to 
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20 2 mm, the latter is the largest spec i men reco rded for· Siebenrock

i e l la ( Table 1 3) o 

Findings on the female � s  rep roductive cycle are summarized 

in Table 1 5 0  Six east coast specimens were exam i ned ; three from 

J une, one from J uly, and two from Decembero The J une and J uly 

specimens appear to be near the end of their nesting cycle. All 

had corpora lutea and only the J une females had o viducal eggs 

( N = 3 ) . Only one had enlarged foll i cles and could continue laying. 

Of the December females , one had two o l d c o r p o r a lutea and both 

h a d o v u l a t o ry s i ze foll i c l es , suggest i ng they may sti l l lay addi

t i onal eggs. 

Nesting appears to be seasonal in the east coast drainages. 

The nesting cycle appears to enter a latent period beginning in 

J une, s ome nesting resumes in December o Specimens from the west 

coast were available from the months o f  October ( N= 2 ) and J anuary 

( N= 2 ) o Table 1 5 summarizes these reproductive data o All females 

had corpora lutea and three had ovulatory size foll icles. 

Of the October specimens, one had laid two clutches of one 

egg each and the presence of an ovulatory size follicle indicated 

one mor e clutch of one egg may be laid before the nest i ng cycle is 

completed. The remaining October female appeared to have c o m p 

l eted it ' s  nesting cycle with one or more clutches producing a 

to tal o f  four egg s.  
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The two J anuary specimens were repr oductively active. One 

had two oviducal eggs , two old and new c or por a  l u t e a ,  and two 

ovulatory size follicles in dicating three clutches of two eggs and 

the probability of at least one more clutch of two eggs . The 

other female had no oviducal eggs but two f resh co rpora lutea and 

two enlarged follicl es of size class f our . Both had enlarged f ol

licles of size class three. 

From these da ta its dif ficult to say if Siebenroc kiella is a 

s e a s o n a l  nester on the west coast . A t  leas t same are r epr oduc

t i ve in Janu ary and October , further i nvestigati on is needed. 

The reproductive potential is at l east six to nine eggs per 

season. C l utch size i s  small , three had si ngle o v i du cal eggs and 

ene had two . E ggs ( N � 3 } are rela tive l y l a rge averag i ng 5 2o 4  mm 

i n  l eng th (egg d a t a  were not available fo r E OM 23 7 9 } ,  an E L I of 

0 28 1 , and an E W I  of . 1 60. Reproductive effort averaged . 038. 
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D I SC U S S I O N O F R E P RO D U CT I O N  

Cyclemys has the highest rep roductive ef fort per clutch and 

lowest rep roductive potential of the three species (Table 16 ) 0  

Cyclemys concentrates on producing only one or possi bly two clut -
, 

ches of up to three eggs each, during its nesting seasono 

Cy cle mys appears to be the more aquatic of the three , rarely ven

turing onto lando The strategy of pr oducing a s i ngle larger clutch 

per season rather than leaving its aquatic env i ronment repeatedly 

to produce multiple small clutches, may reduce chances of preda

tiono The female being less  at home on land is perhaps more sus

c e ptabl e t o  pred ati on dur i ng nesting than the other two spec i es 

stud i edo 

Cuor a is regularly found on land a nd is well adapted to ter

restrial env ironment ( io eo a p l astral hinge) . Their strategy of 

p r oduc i ng mu lt i pl e  small clutches may have selective value in 

avoiding p redation of eggs 9  The idea be i ng to lay many scattered 

clu tches to ensure the survival of at least a few (not all eggs 

would likely be found by a predator) o 

The d i sadvantage of Cyclemys nesting strategy is that preda

tors o r  some unpredictable environmental conditions can wipe out 

the ent i re annual production of an individual by destroying a 

single nest o 

Siebenrockiella ' s  reproductive effort and potential values 

(Table 16) are intermidiate between Cyclemys and Cuora o Sieben

rockiel la is known to spend several days out o f  water hiding in 

vegetation (Moll, personal communication) .  Whether or not 



S i e b e n r o c k i e l l a  p o s s e s s e s  a d a p t a t i o n s  t o  p r e v e n t  p r e d a t i o n  o n  

l a n d  n e e d s  t o  b e  p r o v e n o T h i s s p e c i e s h a s  a s t r a t e gy s i m i l i a r t o  

C u o r a ' s ,  l ay i n g  s m a l l ,  m u l t i p l e c l u t c h e s  s c a t t e r e d  t h r o u g h o u t  t h e  

n e s t i n g  cy c l e o  I t  i s  ye t t o  b e  p r o v e n  i f  S i e b e n r o c k i e l l a  i s  a 

s e a s o n a l  n e s t e r  o n  t h e  we s t  c o a s t  o f  W e s t  M a l a y s i a o 

B e c a u s e  o f  t h e  m o n s o o n s , We s t  M a l a y s i a  i s  s e a s o n a l l y  d ry a n d  

w e t , t h e m o n t h s  v a ry i n g  o n  e a s t  a n d  w e s t  c o a s t s o O n  t h e  w e s t  

c o a s t  M a r c h t h r o u g h  M a y  a n d  O c t o b e r  t h r o u g h  D e c em b e r  a r e  p e r i o d s  
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o f  h e a vy r a i n  a s s o c i a t e d  w i t h  t h e  N o r t h e a s t  a n d S o u t hw e s t  m o n s o o n s o 

O n  t h e  e a s t  c o a s t  O c t o b e r  t h r o u g h  J a n u a ry i s  t h e  c h i e f r a i n y s e a 

s o n  a s s o c i a t e d  w i t h  t h e  N o r t h e a s t  m o n s o o n s o G e n e r a l l y ,  t h o s e  

n e s t i n g  cy c l e s  a r e  s e l e c t e d  t h a t  a l l ow t h e  o f f s p r i n g  t o  h a t c h 

u n d e r  t h e  m o s t  f a v o r a b l e c o n d i t i o n s  (t i me s  w h e n  f o o d  i s  a b u n d a n t  

a n d  t h e re ' s l e s s  d a n g e r  o f  u n fa v o r a b l e c l i ma t i c c o n d i t i o n s) o C u o r a , 

Cy c l emy s , a n d  S i e b e n ro c k i e l l a  a p p e a r  t o  b e  s e a s o n a l  n e s t e r s , p r o 

d u c i n g  o f f s p r i n g  d u r i n g  t h e  d ry p e r i o d s  i n  W e s t  M a l a y s i a  (w h e n  

c h a n c e s  o f  e g g  d e s t r u c t i o n b y  f l o o d i n g a re l ow) o 

M o l l (19 7 9) d e s c r i b e s  two  e x t r e m e  k i n d s  o f  r e p r o d u c t i v e 

s t r a t e gy fo u n d  a mo n g  c h e l o n i a n s ; P a t t e r n  I a n d  P a t te r n  I I o P a t 

t e r n  I r e fe r s  t o  t h o s e  s p e c i e s  t h a t  n e s t  c o mm u n a l l y a n d  l a y l a r g e  

m u l t i p l e c l u t c h e s  o f  r e l a t i v e l y  s m a l l e g g s  i n  w e l l d e f i n e d  n e s t s  

d u r i n g  d e f i n i t e n e s t i n g s e a s o n s  (e o g . B a t a b u r  b a s k a a n d  s e a  t u r 

t l e s) o I n  c o n t r a s t , P a t t e r n  I I  a r e t h o s e  s o l i t a ry n e s t i n g  s p e c i e s 

t h a t  l ay s m a l l c l u t c h e s  o f  r e l a t i v e l y  l a r g e  e g g s  w i t h  a cy c l i c  o r  

c o n t i n u o u s n e s t i n g  p e r i o d s  w i t h  l i t t l e o r  n o  n e s t  c o n s t r u c t i o n 

(e o g o C u o r a  a n d  Cyc l e my s) . C l u t c h  s i z e i s  c o r r e l a t e d  w i t h  t h e  

b o d y  s i z e o f  t h e  t u rt l e ;  s m a l l t u r t l e s  p r o d u c e s m a l l c l u t c h e s 



( P a t t e r n  I I )  a n d  b i g  t u r t l e s  l ay l a r g e  c l u t c h e s  ( P a t t e r n  I ) o  

S e l e c t i o n f o r  e g g  s i z e v a r i e s  w i t h  t h e  e c o l o g i c a l  p arame t e r s  
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t h a n  q u a l i ty o T h e s e  s m a l l e r o f f s p r i n g  a r e  m o re s u s c e p t a b l e t o  
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