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Flynn ,  Rodney W . ,  W.S., Summer 1983 W i l d l i f e  Biology 

~ i s t r i b u t  i o n ,  S t a t u s ,  and Fecdirig Ecology of t h e  Sunlotran 
Rhinoceros  i n  P e n i n s u l a r  Malaysia .  (186 pp.) 

.&;c& 
D i r e c t o r :  Bar t  W .  O'Gara + 

The d i s t r i b u t i o n ,  s t a t u s ,  and f e e d i n g  ecology of  t h e  Sumatran 
r h i n o c e r o s  i n  P e n i n s u l a r  l la lays  i a  was i n v e s t i g a t e d  from 1975 t o  
1981. In fo rmat ion  on d i s t r i b u t i o n  and s t a t u s  country-wide was 
c o l l e c t e d  from f i e l d  s u r v e y s ,  i n t e r v i e w s  w i t h  peop le  l i v i n g  n e a r  
r h i n o  a r e a s ,  and t h e  l i t e r a t u r e .  I confirmed t h a t  r h i n o s  
p r e s e n t l y  o c c u r  i n  10  i s o l a t e d  a r e a s  s c a t t e r e d  throughout  t h e  
Elalay P e n i n s u l a .  The number of r h i n o s  was e s t i m a t e d  a t  50 t o  80 
w i t h  t h e  Endau-Rompin (20-25),  Taman Negara (8-12) ,  and Sungai 
Dusun (4-6) a r e a s  c o n t a i n i n g  t h e  l a r g e s t  con t iguous  popula t  ions .  
The Sumatran r h i n o  i s  t h r e a t e n e d  wi th  e x t i n c t i o n  i n  P e n i n s u l a r  
Malaysia .  Excess ive  k i l l i n g  of  r h i n o s  h a s  g r e a t l y  reduced 
numbers; h a b i t a t  d e s t r u c t i o n  from logging and l a n d  c l e a r a n c e  f o r  
a g r i c u l t u r a l  development have reduced t h e  amount of  a v a i l a b l e  
h a b i t a t  and i s o l a t e d  s m a l l  popu la t  ions .  The Endau-Rompin r e g i o n  
was found t o  be  t h e  most s u i t a b l e  s i t e  t o  m a i n t a i n  a  v i a b l e  
p o p u l a t i o n  of r h i n o s  i n  Malaysia because it c o n t a i n s  t h e  l a r g e s t  
number of  a n i m a l s ,  e v i d e n c e  of  r e p r o d u c t i o n  h a s  been dbse rved ,  a  
law enforcement program h a s  been s t a r t e d ,  and a  p o r t i o n  of t h e  
a r e a  (870 km2)has been proposed f o r  n a t i o n a l  park  s t a t u s .  Feeding 
ecology of t h e  Sumatran r h i n o  was s t u d i e d  i n  t h e  Endau-Rompin 
r e g i o n ,  s o u t h e r n  P e n i n s u l a r  Plalays i a ,  t o  p rov ide  informat  i o n  on 
foods  e a t e n  and h a b i t a t s  s e l e c t e d .  Feeding s i t e s  were l o c a t e d  by 
f o l l o w i n g  r e c e n t  r h i n o  t r a c k s .  Within pr imary h i l l  f o r e s t ,  
Sumatran r h i n o s  s e l e c t e d  f e e d i n g  s i t e s  i n  s t r eam bottom (59%) and 
lower s l o p e  (342) phys iograph ic  t y p e s .  Smal l  f o r e s t  gaps  (35%) 
were used more than  t h e i r  a v a i l a b i l i t y  (1521,  bu t  most of t h e  
f e e d i n g  c a s e s  were i n  closed-canopy f o r e s t  ( 6 3 % ) .  Sumatran r h i n o s  
were most ly  b rowsers ,  f e e d i n g  p r i m a r i l y  on t h e  mature  l e a v e s  of 
woody u n d e r s t o r y  p l a n t s .  Large ,  f l e s h y  f r u i t s  were e a t e n  
o c c a s s i o n a l l y .  The d i e t  was d i v e r s e  wi th  49 p l a n t  f a m i l i e s ,  102 
g e n e r a ,  and between 156 t o  181 s p e c i e s  r e p r e s k n t e d  i n  342 f e e d i n g  
c a s e s .  Prunus 
Eiedusanthera s p  

sp .  (15.1%),  F i c u s  sp .  ( 6 . 4 % ) ,  P a v e t t a  sp .  (6 .1%),  . ( 3 . 8 3 ) ,  and Eugenia sp.  ( 3 . 0 )  c o n t r i b u t e d  t h e  
g r e a t e s t  amounts t o  d i e t  p r o p o r t i o n s .  Chemical a n a l y s e s  of p l a n t  
m a t e r i a l s ,  c o l l e c t e d  from c e r t a i n  food p l a n t s  and randomly 
s e l e c t e d  non-food p l a n t s ,  indicated t h a t  Sumatran r h i n o s  s e l e c t e d  
p l a n t s  and p l a n t  p a r t s  h igh  i n  m i n e r a l s  and  c r u d c  p r o t e i n  but  low 
i n  f i b e r .  Piienolics and t a n n i n s  were t o l e r a t e d  i n  t h e  d i e t ,  bu t  
p r i n c i p a l  food p l a n t s  c o n t a i n e d  l e s s  t a n n i n .  
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INTRODUCTION 

Tl i i s  t h e s i s  c o n t a i n s  3 c h a p t e r s  d e a l i n g  w i t h  t h e  d i s t r i b u t i o n ,  

s t a t u s ,  and f e e d i n g  e c o l o g y  o f  t h e  Sumatran r h i n o c e r o s  i n  P e n i n s u l a r  

M a l a y s i a .  The c h a p t e r s  a r e  w r i t t e n  a s  d i s c r e t e  p a p e r s  r e a d y  f o r  

p u b l i c a t i o n ,  e a c h  w i t h  an  a b s t r a c t ,  i n t r o d u c t i o n ,  t e x t ,  a cknowledg~aen t s ,  

and  r e f e r e n c e s .  The w r i t i n g  s t y l e  of  e a c h  c h a p t e r  depends  on  t h e  

t a r g e t e d  j o u r n a l .  

Most of  t h e  i n f o r m a t i o n  p r e s e n t e d  i n  C h a p t e r s  I1 and I11 was 

c o l l e c t e d  d u r i n g  1975 t o  1978 w h i l e  L was a t t a c h e d  t o  t h e  Ma lays i a  

Depar tment  o f  W i l d l i f e  and N a t i o n a l  P a r k s  a s  a  r c s e a r c h  o f f i c e r .  

A d d i t i o n a l  i l l f o r m a t i o n  f o r  C h a p t e r s  L1 and 111, and a l l  t h e  d a t a  f o r  

C h a p t e r  I V Y  was c o l l e c t e d  d u r i n g  J a n u a r y  t h r o u g h  May 1979 ,  and J u l y  1980 

t h r o u g h  August 1981 w h i l e  I was o n  c o n t r a c t  w i t h  World W i l d l i f e  Fund 

I n t e r n a t  i o n a l .  I d e s i g n e d  and  d i r e c t e d  t h e  p r o j e c t s ,  a n a l y z e d  t h e  d a t a ,  

and  w r o t e  t h e  p a p e r s .  k l r .  Mohd. T a j u d d i n  A b d u l l a h ,  my I - la lays ian  

c o u n t e r - p a r t ,  a s s i s t e d  w i t h  t h e  f i e l d  work and  w i l l  b e  a  co -au tho r  i n  

p u b l i c a t i o n  of  C h a p t e r s  11 and  111. D r .  P e t e r  W a t e m a n ,  U r l i v e r s i t y  o f  

S t r a t h c l y d e ,  a s s a y e d  t h e  p l a n t  m a t e r i a l s  f o r  s e c o n d a r y  p l a n t  compounds 

a n d  p r o v i d e d  some i n t e r p r e t a t i o n s  o f  t h e  p l a n t  c h e m i s t r y  d a t a ;  he  w i l l  

be  a  co -au tho r  i n  p u b l i c a t i o n  o f  Chap te r  I V .  

I n  Chap te r  XI, i n f o r m a t i o n  c o l l e c t e d  o n  t h e  p r e s e n t  

d i s t r i b u t i o n  o f  Suniatran r h i n o s  i n  P e n i n s u l a r  M a l a y s i a  i s  p r e s e n t e d .  



L o c a t i o n s  of  known r h i n o  a r e a s  a r e  shown, e s t i m a t e s  of  p o p u l a t i o n  s i z e s  

a r e  g i v e n ,  and  t h e  s t a t u s  ol: r h i ~ l o s  i n  t l~ctse  a r e a s  i s  d i t lcussed.  A l s o ,  

reconmcndations a r e  p r e s e n t e d  f o r  the  c o n s e r v a t i o n  of  t h e  Sim)atran r h i n o  

i n  P e n i n s u l a r  Pfalays i a  . 
Chapter  111 r e p o r t s  t h c  r e s u l t s  o f  a n  inLcns ive  survey of  

Sumatran r h i n o s  i n  t h e  Endau-Rompin r e g i o n .  T h i s  a r e a  was found t o  

c o n t a i n  t h e  Larges t  con t iguous  p o p u l a t i o n  of r h i n o s  i n  t h e  c o u n t r y .  The 

number of r h i n o s  o c c u r r i n g  i n  t h e  Endau-Rompin r e g i o n  i s  g iven  based on 

a  s e r i e s  of  4 census  s u r v e y s .  Conservat ion o p t i o n s  f o r  t h e  Endau-Rompin 

a r e a  a r e  p r e s e n t e d .  

I n  Chapter I V ,  t h e  f e e d i n g  ecology of  Sumatran r h i n o s  i n  t h e  

S e l a i  R ive r  s t u d y  s i t e ,  l o c a t e d  w i t h i n  t h e  Endau-Rompin r e g i o n ,  i s  

d e s c r i b e d .  Q u a n t i t a t i v e  i n f o r m a t i o n  i s  p r e s e n t e d  on t h e  k inds  and 

amounts of  foods  e a t e n ,  t h e  t y p e s  of  h a b i t a t s  s e l e c t e d  a t  f e e d i n g  s i t e s ,  

and t h e  chemical  compos i t ion  of  c e r t a i n  food  and non-food p l a n t s .  Rhino 

food  s e l e c t i o n  i s  d i s c u s s e d  i n  terms o f  t h e  a v a i l a b i l i t y  of  foods and 

h a b i t a t  components, and t h e  chemical  composi t ion of  a v a i l a b l e  p l a n t  

m a t e r i a l .  



CHAPTER 11 

DISTRIBUTION AND STATUS OF TIlE SUlfATRAN RHINOCEROS 

IK PENIKSULAR FIALAYSLA 



ABSTRACT 

D i s t r i b i i t i o n  and s t a t u s  of t h e  S i n ~ a t r a n  r h i n o c e r o s  i n  

P e n i n s u l a r  Na lays ia  were s t u d i e d  from 1975 t o  1981.  I compiled 

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

n e a r  r h i n o  a r e a s ,  and t h e  l i t e r a t u r e .  Most p o t e n t i a l  r h i n o  a r e a s  were 

su rveyed  on t h e  ground t o  conf i rm t h e  p resence  o f  a n i m a l s ,  e s t i m a t e  

numbers, and e v a l u a t e  t h e  s t a t u e  of t h e  h a b i t a t .  I confirmed t h a t  

r h i n o s  p r e s e n t l y  o c c u r  i n  10 i s o l a t e d  a r e a s  s c a t t e r e d  throughout  t h e  

l i a l ay  P e n i n s u l a .  The nuinber of r h i n o s  i s  e s t i m a t e d  a t  50 t o  75 an imals  

w i t h  t h e  Endau-Rompin (20-25),  Taman Negara (8-12) ,  and Sungai Dusun 

(4-6)  a r e a s  c o n t a i n i n g  t h e  l a r g e s t  con t iguous  p o p u l a t i o n s .  The Sumatran 

r h i n o  a p p e a r s  t h r e a t e n e d  w i t h  immediate e x t i n c t i o n  i n  P e n i n s u l a r  

Malays ia .  Excess ive  k i l l i n g  of  r h i n o s  because  o f  t h e  h i g h  commercial 

v a l u e  of  t h e i r  body p a r t s  h a s  g r e a t l y  reduced numbers. B a b i t a t  

d e s t r u c t i o n  from logg ing  and f o r e s t  c l e a r a n c e  h a s  s e p a r a t e d  and i s o l a t e d  

a l r e a d y  s m a l l  p o p u l a t i o n s .  I recommend t h a t  c o n s e r v a t i o n  e f f o r t s  f o r  

t h i s  s p e c i e s  i n  Malaysia  be c o n c e n t r a t e d  i n  t h e  Endau-Rompin r e g i o n  

because  t h i s  p o p u l a t i o n  h a s  t h e  b e s t  chances  f o r  s u r v i v a l .  



INTRODUCTION 

The Sumatran o r  two-t~orned A s i a t i c  r h i n o c e r o s  (Dice ro rh inus  

sumatreris is  F i s h e r  1 8 1 4 ) ,  one of t h e  world's r a r e s t  l a r g e  mammals, i s  

t h r e a t e n e d  wi th  e x t i n c t i o n  throughout  i t s  range  (sinion, 1969).  Once 

found a c r o s s  S o u t h e a s t  A s i a ,  t h i s  r a r e ,  f o r e s t - d w e l l i n g  r h i n o  i s  now 

r e s t r i c t e d  t o  s m a l l  i s o l a t e d  p o p u l a t i o n s  o c c u r r i n g  i n  Burma, T h a i l a n d ,  

t h e  ldalay p e n i n s u l a ,  Sumatra,  and Borneo (van S t r i e n ,  1974; NcNeely 6 

L a u r i e ,  1977; Borner ,  1978; Schenkel  & S c h e n k e l ,  1979; Payne, 1980; 

F lynn ,  1981).  Excess ive  h u n t i n g  h a s  g r e a t l y  d e p l e t e d  r h i n o  numbers and 

reduced  t h e i r  d i s t r i b u t i o n  (Van S t r i e n ,  1974) .  The high v a l u e  of t h e i r  

body p a r t s ,  e s p e c i a l l y  t h e  h o r n ,  c o n t i n u e s  t o  encourage i l l e g a l  k i l l i n g  

O t a r t i n ,  1979) .  I n  a d d i t i o n ,  e x t e n s i v e  h a b i t a t  d e s t r u c t i o n  from logg ing  

and f o r e s t  c l e a r a n c e  f o r  a g r i c u l t u r a l  development h a s  i s o l a t e d  a l r e a d y  

s m a l l  p o p u l a t i o n s  and reduced t h e  amount of  s u i t a b l e  h a b i t a t .  

I n  Malays ia ,  l i t t l e  in fo rmat ion  has  been a v a i l a b l e  on t h e  

d i s t r i b u t i o n  and s t a t u s  o f  t h e  Sumatran r h i n o ,  t h e  l i t e r a t u r e  c o n s i s t i n g  

mos t ly  of o l d  accoun t s  by h u n t e r s  and game wardens (e .g .  Hubback, 

1939; Foenander,  1952; H i s l o p ,  1965) .  D i f f i c u l t  f i e l d  c o n d i t i o n s  and 

e l u s i v e  animals  have d i s c o u r a g e d  e x t e n s i v e  f i e l d  s u r v e y s .  Af t e r  

r ev iewing  t h e  s t a t u s  o f  r a r e  Asian w i l d l i f e ,  T a l b o t  (1960) eniphasized 

t h e  l a c k  of  i n f o r m a t i o n  on t h e  Sumntran r h i n o  i n  blalaysia.  A b r i e f  

f i e l d  survey by H i l t o n  (1963) provided i n f o r m a t i o n  on t h e  o c c u r r e n c e  of 

a  snu11 r h i n o  p o p u l a t i o n  n e a r  t h e  Rernam River  i n  t h e  s t a t e  of Se langor .  

I n  1965,  t h e  40 km Sungai  Dusun W i l d l i f e  Reserve  was e s t a b l i s h e d  t o  



p r o t e c t  t h e s e  r h i n o s .  S t r i c k l a n d ' s  (1967) s h o r t  s t u d y  of t h i s  r h i n o  

p o p u l a t i o n  provided t h e  f i r s t  e c o l o g i c a l  i r i format ion on t h e  t ipecies .  

About t h e  same t i m e ,  S tevens  (1968) surveyed o t h e r  e x i s t i n g  w i l d l i f e  

r e s e r v e s  i n  Ptalaysia and proposed t h e  c s t n l l i s h m e n t  of  a d d i t i o n a l  

s a n c t u a r i e s  where he had found r h i n o  s i g n .  

I n  1974,  t h e  Plalaysian Department of  W i l d l i f e  and N a t i o n a l  

Pa rks  (DwNP) i n i t i a t e d  a  long-tern1 s tudy on t h e  t l i s t r i b u t i o n  and s t a t u s  

o f  t h e  Sumatran r h i n o c e r o s  i n  P e n i n s u l a r  Elalaysia.  T h i s  paper  p r e s e n t s  

t h e  r e s u l t s  of  t h a t  s t u d y  a l o n g  wi th  a rev iew of  h i s t o r i c a l  r e p o r t s  

c o l l e c t e d  from t h e  l i t e r a t u r e  and DWNY f i l e s .  From 1975 through 1981, I 

compi led a l l  r h i n o  r e p o r t s  c o l l e c t e d  from DWNP f i e l d  s t a f f  and 

i n t e r v i e w s  wi th  peop le  working o r  l i v i n g  i n  r h i n o  h a b i t a t .  P o t e n t i a l  

r h i n o  a r e a s  were surveyed on f o o t  t o  conf i rm t h e  p resence  of  an imals .  

C o n f i r n ~ a t i o n  of  r h i n o  r e p o r t s  by f i e l d  su rveys  was n e c e s s a r y  because  

most people  confuse  r h i n o  t r a c k s  wi th  t h o s e  of  Plalayan t a p i r  ( T a p i r u s  

i n d i c u s ) .  I found t h a t  many peop le  b e l i e v e  t a p i r s  a r e  a c t u a l l y  young 

r h i n o s ;  t h e  base  Malayan name (badak)  i s  t h e  same f o r  both  an imals .  

During t h e  f i e l d  s u r v e y s ,  I r e c o r d e d  a l l  r h i n o  s i g n ,  

e s p e c i a l l y  t r a c k s  and wal lows,  encoun te red  w h i l e  h i k i n g  through 

s u s p e c t e d  r h i n o  a r e a s .  Usual ly  I walked a l o n g  s t r e a m  bottoms o r  r i d g e s ,  

where s i g n  was most l i k e l y  t o  be found. Sometimes a  l o c a l  g u i d e  would 

show me s p e c i f i c  p l a c e s  where t r a c k s  o r  wallows had been obse rved  

p r e v i o u s l y .  Recent r h i n o  t r a c k s  were fo l lowed  u n t i l  a t  l e a s t  10 r e a r  

f o o t  p r i n t s  could  be recorded .  For each t r a c k ,  t l ~ e  maximum width 

between t h e  l a t e r a l  t o e s  and t h e  width of t h e  midd le  t o e  was measured 



( F l y n n ,  1978) .  The minimum number o f  i n d i v i d u a l  an imals  i n  an a r e a  was 

e s t i m a t e d  based on d i f f e r e n c e s  i n  median t r a c k  s i z e  and t h e  d i s t a n c e  

between t r a c k  l o c a t i o n s  ( ~ l ~ n n  and Abdul lah ,  1987) . Also ,  t h e  

r e l a t i v e  f requency of r h i n o  s i g n  encoun te red  d u r i n g  a  f i e l d  survey was 

used a s  a  rough index of  r h i n o  d e n s i t y .  

I a t t empted  t o  su rvey  a l l  p o t e n t i a l  r h i n o  a r e a s ,  bu t  t ime 

a v a i l a b i l i t y  and t r a v e l  r e s t r i c t i o n s  p reven ted  me from v i s i t i n g  some 

p l a c e s  and adequa te ly  c o v e r i n g  o t h e r s ,  e s p e c i a l l y  i n  t h e  n o r t h e r n  s t a t e s  

o f  P e r a k ,  Kedah, and Ke lan tan .  These s t a t e s  c o n t a i n  l a r g e ,  remote 

f o r e s t e d  l a n d s ,  and much of  t h e  border  r e g i o n  i s  c l o s e d  t o  n o n - m i l i t a r y  

p e r s o n n e l .  My r e s e a r c h  e f f o r t  was c o n c e n t r a t e d  i n  a r e a s  t h a t  showed t h e  

most promise f o r  c o n s e r v a t i o n  of t h e  s p e c i e s ,  e s p e c i a l l y  t h e  

Endau-Rompin r e g i o n  i n  t h e  s o u t h e r n  p o r t i o n  of t h e  Malay Pen insu la .  

P e n i n s u l a r  Malays ia ,  l o c a t e d  a t  t h e  s o u t h e r n  t i p  of  t h e  

A s i a t i c  c o n t i n e n t  ( l 0  t o  7' N l a t i t u d e  and 100' t o  103' E l o n g i t u d e ) ,  

c o n t a i n s  131,700 km2 of  land d i v i d e d  p o l i t i c a l l y  i n t o  11 s t a t e s .  

Sarawak and Sabah,  t h e  Walaysian s t a t e s  i n  n o r t h e r n  Borneo, were not  

i n c l u d e d  i n  t h i s  s t u d y .  The topography of t h e  Halay Pen insu la  i s  

c h a r a c t e r i z e d  by a  prominent nor th-south  g r a n i t i c  mountain range  wi th  

s e v e r a l  l e s s e r  r anges  and s m a l l  v a l l e y s .  Broad p l a i n s  l i e  a long  t h e  

e a s t  and west c o a s t s .  S e v e r a l  major r i v e r  sys tems d i s s e c t  t h e  coun t ry  

i n t o  l a r g e  b a s i n s  which form tlie b a s i s  f o r  most p o l i t i c a l  s u b d i v i s i o n s .  

Malaysia ' s  c l i m a t e  i s  t r o p i c a l  ever-wet w i t h  l i t t l e  s e a s o n a l  v a r i a t i o n  

because  of  c l o s e  p rox imi ty  t o  t h e  equa to r  and warn1 oceans  (Whitmore, 

1 9 7 5 ) .  The days a r e  h o t  and humid, wi th  t h e  mean t empera tu re  n e a r  27' C 
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i n  lowland a r e a s  and a n n u a l  r a i n f a l l  r a n g i n g  from 2000 t o  5000 nun (Da le ,  

1 9 5 2 ) .  I n  t h e  n o r t h e r n  p a r t  of t h e  p e n i n s u l a ,  r a i n f a l l  i s  more 

s e a s o n a l ,  i n f l u e n c e d  by t h e  October-to-December monsoon season i n  t h e  

n o r t h e a s t ,  and t h e  June-to-September monsoon i n  t h e  nor thwes t .  

The n a t u r a l  v e g e t a t i o n  of  P e n i n s u l a r  l la lays  i a  i s  t r o p i c a l  

eve rgreen  r a i n  f o r e s t  of  t h e  Indo-Malayan f o r m a t i o n  ( ~ i c h a r d s ,  1952) .  

These f o r e s t s  a r e  exceed ing ly  s p e c i e s - r i c h  c o n t a i n i n g  about 4000 s p e c i e s  

of  woody p l a n t s ,  p r i m a r i l y  t r e e s  and c l i m b e r s  (Whitmore, 1975) .  F o r e s t  

s t r u c t u r e  i s  c h a r a c t e r i z e d  by l a r g e  ( t o  60 m) emergent t r e e s ,  dominated 

by t h e  f a m i l y  D i p t e r o c a r p a c e a e ,  which ex tend  above a  n e a r l y  c l o s e d  main 

canopy a t  a  h e i g h t  of  20 t o  45 m. The dense  u n d e r s t o r y  c o n s i s t s  o f  

numerous smal l  t r e e s ,  pa lms,  c l i m b e r s ,  and he rbaceous  p l a n t s .  Many 

problems e x i s t  i n  t h e  c l a s s i f i c a t i o n  of t h e s e  f o r e s t s  (Poore ,  1 9 6 3 ) ,  b u t  

t h e  pr imary f o r e s t  can b e  grouped i n t o  15 g e n e r a l  f o r e s t  t y p e s  

(Wyatt-Smith, 1964; Whitmore, 1975).  I n  t h i s  s t u d y ,  t h e  f o l l o w i n g  

g e n e r a l  f o r e s t  t y p e s  were encoun te red :  ( 1 )  lowland d i p t e r o c a r p  f o r e s t  

(below 300 m); ( 2 )  h i l l  d i p t e r o c a r p  f o r e s t  (300 t o  800 m); ( 3 )  upper 

d i p t e r o c a r p  f o r e s t  (800 t o  1200 m); and ( 4 )  montane f o r e s t  (above 1200 

m). 

Almost 99% of P e n i n s u l a r  Ha lays ia  was once covered wi th  

t r o p i c a l  r a i n  f o r e s t  (Lee,  1980) .  R e c e n t l y ,  l a r g e  t r a c t s  of f o r e s t  have 

been c l e a r e d  and p l a n t e d  t o  a g r i c u l t u r a l  c r o p s .  Today, about 55% o i  t h e  

t o t a l  lilnd a r e a  i s  covered w i t h  f o r e s t  ( F o r e s t  D e p t .  Hf!port, 1977) and 

about  222 of t h e  l and  a r e a  i s  p l a n t e d  t o  a g r i c u l t u r a l  c r o p s ,  p r i m a r i l y  

r u b b e r ,  o i l  palm, and r i c e .  The ba lance  o f  t h e  land a r e a  i s  w a s t e l a n d ,  
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swamp, o r  urban development.  Of t h e  p r e s e n t  f o r e s t e d  l a n d s ,  about 30% 

have been logged ,  i n c l u d i n g  most of the  lowland f o r e s t  below 300 m. By 

1990,  most of  t h e  lowland a r e a s  w i l l  have been c o n v e r t e d  t o  a g r i c u l t u r a l  

c r o p  l a n d s ,  and most of  t h e  remaining commercial f o r e s t  w i l l  have been 

logged (Lee,  1980) .  

DISTRIBUTION AND NUPBERS 

Sou thern  R e ~ i o n  

Endau-Rompin a r e a .  The l i t e r a t u r e  c o n t a i n s  many r e p o r t s  o f  

Sumatran r h i n o s  o c c u r r i n g  a l o n g  t h e  border  of  t h e  s t a t e s  of Johor  and 

Pahang,  w i t h i n  t h e  upper wa te r sheds  o f  t h e  Endau and Rompin r i v e r s  

F 1  Foenander (1961) conducted s e v e r a l  b r i e f  su rveys  i n  Pekan 

D i s t r i c t  of  Pahang and mapped t h e  d i s t r i b u t i o n  of  r h i n o s  based on 

i n t e r v i e w s  wi th  v i l l a g e r s .  Efilton (1963) c o l l e c t e d  a  few r e p o r t s  of  

r h i n o s  o c c u r r i n g  i n  t h e  upper Endau River  b a s i n  and a l s o  nea r  Tanah 

Abang and t h e  Tersap  River  a l o n g  t h e  lower Endau. During a  survey of 

t h e  Endau-Kluang W i l d l i f e  Rese rve ,  Stevens  (1968) found r h i n o  s i g n  

between t h e  Endau, Emas, and Semberor~g r i v e r s ,  and he recommended t h a t  

t h i s  a r e a  be p r o t e c t e d  a s  a  w i l d l i f e  s a n c l u a r y .  In  1970,  members of  t h e  

Malayan Nature S o c i e t y  ( ~ l l i s ,  1971) made s e v e r a l  t r i p s  i n t o  t h e  upper 

Endau River  a r e a  and r e p o r t e d  evi.dcnce of  r h i n o s  i n  t h e  upper S e l n i ,  

Segamat , and Endau w a t e r s h e d s .  

I surveyed t h e  e n t i r e  Endau-Rompin r e g i o n ,  w i t h  an emphasis on 
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I F i g .  1. Loca t ions  of Sumatran r h i n o  t r a c k  o b s e r v a t i o n s  i n  t h e  s o u t h e r n  r e g i o n  
o f  P e n i n s u l a r  Malaysia .  P r e s e n t  r h i n o  d i s t r i b u t i o n  i n  t h e  Endau-Rompin a r e a  

I i s  marked by c r o s s - h a t c h i n g .  An unconfirmed r e p o r t  i s  i n d i c a t e d  by a q u e s t i o n  
l mark.. 
i 



t h c  remaining t r a c t  of  con t iguous  unlogged f o r e s t  ( ~ l ~ n n  and Abdullal i ,  

1983) .  Hllino s ig i i  was found ~ l i r o u g h o u t  tllc? r e g i o n ,  e s p c c i o l l y  w i t h i n  

t h e  con t iguous  f o r e s t ,  an a r e a  of about  1600 km2. Rhino t r a c k s  

and wallows were found c o n s i s t e t ~ t l y  i n  t h e  upper Endail, S e l a i ,  ~ c m i d a k ,  

J u a s e h ,  and Segamat wa te r sheds  i n  Johor ;  and t h e  upper Pukin ,  J e k a t i h ,  

S e k i n ,  and Kemapan b a s i n s  i n  Pahang ( F i g .  1 ) .  I found no ev idence  of  

r h i n o s  o c c u r r i n g  i n  c e r t a i n  a r e a s  where they  had been r e p o r t e d  

p r e v i o u s l y .  I n t e r v i e w s  w i t h  v i l l a g e r s  l i v i n g  a l o n g  t h e  lower Endau 

River  i n d i c a t e d  t h a t  r h i n o s  had not o c c u r r e d  i n  t h e  Tnnnh Abang o r  

Sungai  Tersap  a r e a s  f o r  many y e a r s .  L ikewise ,  v i l l a g e r s  l i v i n g  a l o n g  

t h e  Semberong River  s t a t e d  t h a t  r h i n o s  no l o n g e r  o c c u r r e d  i n  t h a t  a r e a ,  

which had been proposed by S tevens  (1968) a s  a  r h i n o  s a n c t u a r y .  Much o f  

t h e  land between t h e  Semberong and Endau r i v e r s  h a s  been c l e a r e d  f o r  

a g r i c u l t u r e ,  and t h e  Emas River  a r e a  h a s  been h e a v i l y  logged.  A survey  

a l o n g  t h e  e a s t e r n  p o r t i o n  of t h e  r e g i o n  n e a r  Gunung Lesong i n d i c a t e d  

t h a t  r h i n o s  probably  no l o n g e r  occur  e a s t  of  t h e  mounta ins ,  a s  r e p o r t e d  

p r e v i o u s l y  by Foenander (1961) .  

The number of  r h i n o s  o c c u r r i n g  i n  t h e  Endau-Rompin r e g i o n  was 

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

occup ied  h a b i t a t .  Based on t h e  f requency t h a t  r h i n o  s i g n  was 

encoun te red  d u r i n g  t h e  s u r v e y ,  t h e  h a b i t a t  was d i v i d e d  i n t o  high and low 

d e n s i t y  a r e a s .  The h i g h - d e n s i t y  a r e a  was censused 4 t imes  between 1977 

and 1980 t o  e s t  iniate t h e  minimum number of  an imals  ( ~ l ~ n n  and Abdul lnh,  

1983) .  The 1980 census  e s t i m a t e d  t h a t  1 0  an imals  occur red  i n  t h e  400 km2 

census  s tudy  a r e a ,  a d e n s i t y  of 1 animal  p e r  40 km2. I n  t h e  r e s t  of  



t h e  r e g i o n ,  r h i n o  d e n s i t y  was much l o w e r ,  p r o b a b l y  l e s s  t h a n  h a l f .  

W i t h i n  t h e  1200 km2 o f  low-densiy h a b i t a t ,  I e s t i m a t e d  r h i n o  d e n s i t y  

c o n s e r v a t i v e l y  a t  1 a n i m a l  p e r  80-120 km2 . T h u s ,  a  t o t a l  of 20 t o  25 

r h i n o s  o c c u r  i n  t h e  e n t i r e  1600  km2 of r e m a i n i n g  h a b i t a t  ( T a b l e  1 ) .  

Dur ing  t h e  s t u d y  p e r i o d ,  t h e  t r a c k s  o f  a t  l e a s t  3  young r h i n o s  

were  r e c o r d e d .  I n  1975-1976, t h e  t r a c k s  o f  a  c o w / c a l f  p a i r  were  found 

o f t e n  i n  t h e  upper  S e l a i  and Endau r i v e r  a r e a s .  I l u r ing  t h e  1,977 c e n s u s  

s u r v e y ,  Conry (DWNP, p e r s .  cornm.) r e c o r d e d  t r a c k s  o f  a  cow/ca l f  p a i r  i n  

t h e  uppe r  Juaseh-Kcmidak a r e a .  S e v e r a l  r e p o r t s  o f  a cow/ca l f  p a i r  i n  

t h e  uppe r  Kemidak b a s i n  were  o b t a i n e d  i n  1981.  Beg inn ing  i n  F e b r u a r y ,  

v i l l a g e r s  a t  Kampung J u a s e h  r e p o r t e d  t h a t  t h e y  o c c a s i o n a l l y  e n c o u n t e r e d  

t r a c k s  o f  a cow/ca l f  p a i r  i n  t h e  upper  b a s i n s  o f  t h e  J u a s e h  and Kemidak 

r i v e r s .  The p r e s e n c e  o f  t h i s  p a i r  was c o n f i r m e d  by t r a c k  o b s e r v a t i o n s  

d u r i n g  March and J u n e .  A l l  o t h e r  t r a c k  o b s e r v a t i o n s  were  o f  s i n g l e  

a n i m a l s ,  p r o b a b l y  a d u l t s  o r  i ndependen t  s u b - a d u l t s .  T h i s  i n f o r m a t i o n  

i n d i c a t e s  t h a t  t h e  Endau-Rompin r h i n o  p o p u l a t i o n  i s  s t i l l  r e p r o d u c i n g ,  

b u t  a t  a n  e x t r e m e l y  low r a t e  (0 .5  young p e r  y e a r ) .  

I n  1933,  1014 kni2 o f  t h e  upper  Endau K i v c r  a r e a  i n  J o h o r  was 

e s t a b l i s h e d  a s  t h e  Endau-Kluang W i l d l i f e  R e s e r v e  by t h e  s t a t e  

government .  For  many y e a r s ,  t h e  r e m o t e n e s s  o f  t h e  r e g i o n  p r o t e c t e d  i t  

f rom exploitation, b u t  d u r i n g  t i l e  1960's most of t h e  l and  s u i t a b l e  f o r  

a g r i c u l t u r e  was e x c i s e d ,  and  s e v e r a l  t i m b e r  c o n c e s s i o n s  were a l l o t t e d ,  

even  w i t h i n  t h e  w i l d l i f e  r e s e r v e .  I n  1972 ,  t h e  f c c i e r a l  g o v c r ~ ~ n ~ c n t :  

p r o p o s e d  t h a t  t h e  Endau-Rompin a r e a  b e  e s t a b l i s h e d  a s  a  n a t i o n a l  p a r k ,  

w i t h  p r o t e c t i o n  o f  t h e  Sumatran  r h i n o  a  ma jo r  j u s t i f i c a t i o n .  T h i s  
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Tab le  1. Number of Sumatran r h i n o c e r o s  i n  P e n i n s u l a r  Malaysia .  

Region Number F o r e s t  Type 

Sou thern  

Endau-Rompin 20-25 Lowland & H i l l  
Gunung Belumut 2-3 H i l l  & Montane 
Mersing Coast  0-1 Low l a n d  

N o r t h c e n t r a l  

Taman Negara 8-12 Lowland 6 Hill 
Ulu Lepar 3 -5 Lowland & H i l l  
Sungai Depak 3-5 H i l l  
Kuala Balah 3 -4 Lowland C H i l l  
Buki t  Gebok 1-2 Lowland & H i l l  
Krau Reserve  0-1 Lowland & H i l l  

West C o a s t a l  

Sungai Dusun 4- 6 Low l a n d  

Northwest  

Ulu Selama 3 -5 Lowland & H i l l  
Ulu Belum 3-5 Lowland & H i l l  
Kedah Border 0-1 H i l l  

T o t a l  50-75 



n a t i o n a l  pa rk  would c o n t a i n  t h e  upper Endau River  b a s i n  and a d j a c e n t  

l a n d s ,  i n c l u d i n g  p o r t  i o n s  o f  Johor  and Pahang. 

I n  c o n j u n c t i o n  w i t h  t h e  r h i n o  s u r v e y s ,  t h e  Endau-Rompin a r e a  

.was e v a l u a t e d  a s  a  n a t i o n a l  p a r k ,  and a  management p l a n  was p repared  

( F l y n n ,  1980).  B r i e f l y  , t h i s  p l a n  recomniends t h a t  870 km2 of t h i s  

r e g i o n  be c l a s s i f i e d  a s  a  n a t i o n a l  pa rk ,  w i t h  s p e c i a l  a t t e n t i o n  g iven  t o  

t h e  most important  r h i n o  a r e a s .  High-use r h i n o  a r e a s  would be zoned t o  

e x c l u d e  unnecessary  d i s t u r b a n c e  and p a t r o l l e d  e x t e n s i v e l y  by park  

wardens t o  p reven t  poaching.  According t o  t h i s  p l a n ,  t h e  proposed park  

would p r e s e r v e  about  65% o f  t h e  remaining r h i n o  h a b i t a t  i n  t h e  r e g i o n .  

The b a l a n c e  o f  t h e  r h i n o  h a b i t a t ,  which i n c l u d e s  most of  t h e  high-value 

conlmercial t i m b e r ,  h a s  a l r e a d y  been committed t o  t imber  concess ions .  

Plost of  t h e  a r e a  t o  be  logged w i l l  remain covered by f o r e s t  and managed 

by t h e  Department of  F o r e s t r y  (DF) f o r  t imber  p r o d u c t i o n .  P r e s e n t l y ,  

t h e  Malaysian government i s  c o n s i d e r i n g  t h e  proposed management p lan .  

Gunung Belumut. S t e v e n s  (1968) r e p o r t e d  f i n d i n g  r h i n o  t r a c k s  

n e a r  Gunung Belumut i n  c e n t r a l  Johor  ( ~ i g .  1 ) .  During 1977, a  r h i n o  was 

o b s e r v e d  swimming a c r o s s  t h e  Kahang River n e a r  t h e  nor thwest  s l o p e  of  

t h e  mountain (DF s t a f f ,  p e r s .  comm.). I made a  b r i e f  v i s i t  t o  t h e  

Gunung Delumut a r e a  i n  1978 and found t r a c k s  of  a t  l e a s t  1 r h i n o  i n  t h e  

upper Kahang River  b a s i n .  A d d i t i o n a l  r e p o r t s  o f  r h i n o s  o c c u r r i n g  i n  t h e  

upper Kahang and Pladek wa te r sheds  on t h e  west  and n o r t h  s l o p e s  of  Cunung 

Bclualut were r e c e i v e d  i n  1980 f r o m  v i l l a g e r s  l i v i n g  a l o n g  t l ~ e  lower 

Kahang River .  Based on t h e  l i m i t e d  i n f o r m a t i o n  a v a i l a b l e ,  I e s t i m a t e  

t h a t  2 o r  3 r h i n o s  o c c u r  i n  t h e  Belumut a r e a .  



Today on ly  abou t  230 km2 of  s t e e p l a n d  a d j a c e n t  t o  Gunung 

Relurnut remain under f o r e s t ;  ttlc r e s t  of  t h e  former  2300 km2 Eodau-Kota 

T i n g g i  W i l d l i f e  Reserve  h a s  been c l e a r e d  f o r  a g r i c u l t u r a l  development. 

S tevens  (1968) recommended t h a t  t h i s  a r e a  be p r o t e c t e d  a s  a  w i l d l i f e  

r e s e r v e ,  but  no a c t i o n  was e v e r  t aken  on h i s  p r o p o s a l .  Some of t h e  

s t e e p l a n d  a d j a c e n t  t o  Gunung Belumut w i l l  p robab ly  remain f o r e s t e d ,  b u t  

t h e  long-term s u r v i v a l  of  r h i n o s  i s  u n l i k e l y  t h e r e .  

Mersing Coast .  S t e v e n s  (1968) found t r a c k s  of 1 o r  2  r h i n o s  

a l o n g  the. e a s t  c o a s t a l  p l a i n  w i t h i n  t h e  Tenggaroh F o r e s t  Reserve ,  

l o c a t e d  about 40 km s o u t h  of  t h e  d i s t r i c t  town of  Mersing ( ~ i g .  1). 

U n f o r t u n a t e l y ,  I was u n a b l e  t o  v i s i t  t h i s  a r e a  and no r e c e n t  in fo rmat ion  

i s  a v a i l a b l e .  The p r e s e n c e  of  r h i n o s  t h e r e  i s  d o u b t f u l  because much of 

t h e  f o r e s t e d  l and  h a s  been logged o r  c l e a r e d  f o r  a g r i c u l t u r a l  

development.  

N o r t h c e n t r a l  Region 

Taman Negara. Rhinos have been r e p o r t e d  c o n s i s t e n t l y  from 

n o r t h e r n  Pahang, s o u t h e r n  Ke lan tan ,  and w e s t e r n  Trengganu (F ig .  21, 

e s p e c i a l l y  w i t h i n  Taman Negara ( N a t i o n a l  P a r k )  (Foenander,  1952; H i s l o p ,  

1961;  Khan, 1971) .  Rhinos were hunted e x t e n s i v e l y  i n  n o r t h r r n  Pahang by 

Hubback (19391, but  he provided few d e t a i l s  on t h e  l o c a t i o n  of h i s  

h u n t i n g  a r e a s .  A f t e r  Taman Negara was e s t a b l i s t ~ e d  a s  a  n a t i o n a l  pa rk  i n  

1937,  DWNY s t a f f  began c o l l e c t i n g  in fo rmat ion  on r h i n o  d i s t r i b u t i o n  i n  

t h i s  remote a r e a   islo lop, 1961; Khan, 1971) .  
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Fig. 2. Locations of Sumntran rhino track observations in the northcentral 
region of Peninsular 1lalaysia. An unconfirmed report is indicated by a 
quest-ion mark. 'Tile area occupied by Taman Negara (National Park) is shown 
by cross-hatching. 



Rhino s i g n  h a s  been r e p o r t e d  most f r e q u e n t l y  from t h e  Sp ia  

River  b a s i n  i n  t h e  e a s t e r n  s e c t i o n  of t h e  Pork. l l i s l o p  (1961) h iked  

a c r o s s  much of  t h e  Park w h i l e  he was a  game warden and recorded  r h i n o  

s i g n  on ly  from t h e  Sp ia  River  n o r t h  i n t o  t h e  s t a t e s  of  Trengganu and 

Ke lan tan .  I n  1976,  Khan (DWNP d i r e c t o r ,  p e r s .  comm.) v i s i t e d  the  Spia  

River  a r e a  and found f r e s h  t r a c k s  of  1  o r  2 r h i n o s  n e a r  t h e  mouth of t h e  

Keh River .  My survey of t h e  Spia-Reh a r e a  i n  1977 confirmed t h e  

p r e s e n c e  of  a t  l e a s t  2  an imals  i n  t h i s  r e g i o n .  Based on t h e  l o c a t i o n s  

of  wal lows,  t h e s e  an imals  appeared  t o  r ange  from t h e  Sp ia  River  n o r t h  t o  

t h e  Trengganu border .  I n f o r m a t i o n  c o l l e c t e d  f rom my g u i d e  and o t h e r  

peop le  l i v i n g  i n  t h e  a r e a  i n d i c a t e d  t h a t  t h e s e  r h i n o s  probably  range 

f a r t h e r  n o r t h  i n t o  s o u t h e r n  Ke lan tan  ( ~ i g .  2 ) .  Recen t ly  , a d d i t i o n a l  

t r a c k  o b s e r v a t i o n s  have been r e c o r d e d  by DWNP s t a f f  i n  t h e  Reh River  

a r e a  (Zaaba Abid in ,  DWNP p a r k  s u p e r i n t e n d e n t ,  p e r s .  comm.). A b r i e f  

su rvey  of t h e  upper L e b i r  R i v e r  b a s i n  i n  t h e  n o r t h e a s t e r n  s e c t i o n  of t h e  

Park  d u r i n g  1978 d i d  n o t  r e c o r d  any r h i n o  s i g n .  

I n  1975,  O l i v i e r  ( p e r s .  corn . )  encoun te red  t r a c k s  of an  

e s t i m a t e d  3 t o  5 r h i n o s  i n  t h e  upper Atok River  b a s i n  and a d j a c e n t  a r e a s  

i n  t h e  s o u t h e r n  p o r t i o n  of t h e  pa rk .  L a t e r  i n  1975,  Nordin (DWNP park 

s u p e r i n t e n d e n t ,  p e r s .  comm.) r ecorded  r h i n o  s i g n  a t  t h e  same l o c a t i o n .  

My survey  of  t h e  Atok River  b a s i n  i n  mid-1976 conf i rmed t h e  p resence  of 

a t  l e a s t  1 r h i n o ,  a l t h o u g h  l i t t l e  evidence of  use  was found.  Another 

su rvey  i n  1980 d i d  no t  r e c o r d  any r h i n o  t r a c k s  i n  t h e  lower Atok a r e a .  

T h i s  i n f o r m a t i o n  i n d i c a t e s  t h a t  r h i n o  d e n s i t y  i n  t h e  lower Atok Val ley  

i s  low, and a r e a s  l o c a t e d  f a r t h e r  t o  t h e  west  a r e  used more f r e q u e n t l y .  
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Only a  few o t h e r  r e p o r t s  of  r h i n o s  o c c u r r i n g  w i t h i n  Taman 

Negara e x i s t .  I n  1964,  an  a d u l t  r h i n o  was obse rved  n e a r  park  

h e a d q u a r t e r s  a t  Kuala Tahan (DwNP r a r ~ g e r ,  p e r s .  comm.). The t r a c k s  of 

t h i s  animal  were fo l lowed  a l o n g  t h e  Tahan River  t o  a  p o i n t  nea r  t h e  

Ke lan tan  border  (Khan, 1971) .  I n  1977, a n o t h e r  a d u l t  r h i n o  was observed 

swinlming a c r o s s  t h e  Tembling River  near  Kuala Tahan. These animals  may 

have come from t h e  upper Teka i  R iver  a r e a  s o u t h  of  t h e  Park ,  where 

Foenander (1952) sugges ted  t h a t  r h i n o s  o c c u r .  My surveys  of t h e  upper 

Tahan River  i n  1977 and 1981 d i d  n o t  l o c a t e  any r h i n o  s i g n ,  even a t  a  

p r e v i o u s l y  used s a l t  l i c k  ( ~ e n u t  ~ e g a n t a n g ) .  Rhino t r a c k s  were r e p o r t e d  

at  J e n u t  Segantang i n  1981 by a  park  r a n g e r  (Zaaba Abid in ,  p e r s .  comm.). 

O l i v i e r  ( p e r s s  comm.) su rveyed  much o f  t h e  Pahang p o r t i o n  of  t h e  Park 

f o r  e l e p h a n t s  d u r i n g  1973 t o  1975,  but  he found r h i n o  s i g n  on ly  i n  t h e  

Atok a r e a .  I n t e r v i e w s  w i t h  Orang A s l i  ( a b o r i g i n a l s )  who l i v e  and t r a v e l  

e x t e n s i v e l y  w i t h i n  t h e  Park  i n d i c a t e d  t h a t  r h i n o  s i g n  was r a r e l y  

encoun te red .  Other r h i n o  r e p o r t s  have been c o l l e c t e d  from t h e  wes te rn  

p o r t i o n  of t h e  Park i n  t h e  upper Tanum River  wa te r shed ,  but  t h e s e  

r e p o r t s  were not  conf i rmed.  

I e s t i m a t e  t h a t  8 t o  1 2  r h i n o s  p r e s e n t l y  o c c u r  i n  t h e  Taman 

Negara r e g i o n ,  w i t h  t h e  upper Atok and Sp ia  r i v e r  a r e a s  being used most 

frequent1.y.  T h i s  e s t i m a t e  i n c l u d e s  animals  t h a t  r ange  e x t e n s i v e l y  i n t o  

a r e a s  a d j a c e n t  t o  t h e  Park  i n  t h e  s t a t e s  of  Pahnng, Trcngganu, and 

Ke lan tan .  A d d i t i o n a l  su rvey  work i s  needed t o  b e t t e r  docurneat t h e  

d i s t r i b u t i o n  and number of  r h i n o s  i n  Tanian Negara. However, my 

i n f o r m a t i o n  i n d i c a t e s  t h a t  r h i n o  d e n s i t y  i n  t h i s  r e g i o n  i s  q u i t e  low. 
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A l s o ,  t r a c k s  of young r h i n o s  have never been r e c o r d e d ,  i n d i c a t i n g  t h a t  

r e c r u i t m e n t  i s  ext remely low. Perhaps p r e s e n t  p o p u l a t i o n  d e n s i t y  i s  

below a  minimum needed f o r  s u c c e s s f u l  r e p r o d u c t i o n .  

Sungai Depak. H i s l o p  (1965) s u g g e s t e d  t h a t  r h i n o s  ranged from 

Taman Megara i n t o  s o u t h e r n  Kelantan (F ig .  2 ) .  I n  1976,  Khan ( d i r e c t o r ,  

DWNP; p e r s .  comm.) found t r a c k s  of 2  r h i n o s  a l o n g  t h e  Depak River  i n  t h e  

upper Leb i r  River  b a s i n .  L a t e r  i n  1976, I conf i rmed t h e  p resence  of  a t  

l e a s t  2  animals  a t  t h e  same l o c a t i o n .  A t  t h a t  t i m e ,  a  new logging road 

had been c o n s t r u c t e d  a l o n g  t h e  Depak River .  Rhino s i g n  was found on ly  

n e a r  t h e  end of t h i s  road  where logging had n o t  y e t  s t a r t e d .  During 

1977-1979, much of  t h e  Depak a r e a  was logged .  No p o s i t i v e  r h i n o  r e p o r t s  

have  been r e c e i v e d  s i n c e  t h e  logg ing  began. I n  1979,  G r i f f i n  

( D F ;  p e r s .  comm.) found no r h i n o  s i g n  w h i l e  conduc t ing  a f o r e s t  

i n v e n t o r y  of t h e  upper L e b i r  R iver  a r e a .  Based on a v a i l a b l e  

i n f o r m a t i o n ,  I e s t i m a t e  t h a t  3 t o  5 r h i n o s  may o c c u r  i n  t h e  upper Leb i r  

R i v e r  a r e a .  Animals found p r e v i o u s l y  n e a r  t h e  Depak River  may have 

moved f a r t h e r  eas tward  o r  southward i n t o  more mountainous t e r r a i n ,  o r  

t h e y  may have been e l i m i n a t e d  d u r i n g  t h e  l o g g i n g  o p e r a t i o n  by i l l e g a l  

h u n t i n g .  During t h e  nex t  few y e a r s ,  most o f  t h e  f o r e s t e d  l ands  i n  

s o u t h e r n  Kelantan w i l l  be  logged and t h e  s u r v i v a l  of r h i n o s  o u t s i d e  

Tan~nn Negara i s  u n l i k e l y .  

Kuala Balah. In 1976,  I v i s i t e d  an  a r e a  n e a r  Kuala Balah i n  -- 
t h e  Pergau River  b a s i n ,  Ke lan tan  (Fig. 2 ) .  V i l l a g e r s  i n  t h e  a r e a  showed 

us  r e c e n t  t r a c k s  of l o r  2  an imals  and a  f r e q u e n t l y  used wallow l o c a t e d  



n e a r  t h e  edge of  t h e  pr imary f o r e s t .  I n  1977,  a  r h i n o  was k i l l e d  by 

poachers  i n  t h e  same a r e a ,  about 50 km t o  t h e  n o r t h e a s t .  T h i s  animal's 

h o r n  had been c u t  o f f  w i t h  a  c h a i n  saw. No o t h e r  i n f o r m a t i o n  i s  

a v a i l a b l e  on t h i s  r h i n o  p o p u l a t i o n .  I e s t i m a t e  t h a t  3 t o  4 animals  may 

o c c u r  i n  t h i s  s e c t i o n  of  c e n t r a l  Kelantan based on t r a c k  o b s e r v a t i o n s  

and r e p o r t s  from v i l l a g e r s  l i v i n g  i n  t h e  a r e a .  The chances of t h e s e  

an imals  s u r v i v i n g  a r e  low because  most o f  t h e  f o r e s t  w i l l  be logged o r  

c l e a r e d  f o r  a g r i c u l t u r a l  development d u r i n g  t h e  n e x t  few y e a r s .  

Ulu Lepar .  Foenander (1952) s u g g e s t e d  t h a t  r h i n o s  o c c u r r e d  i n  

t h e  upper Jengka Va l ley  and t h e  nor thwest  p o r t i o n  of  t h e  Kuantan 

D i s t r i c t  of Pahang. I n  1976, I i n v e s t i g a t e d  a  r e p o r t  of  r h i n o s  

o c c u r r i n g  i n  t h e  Lepar R iver  V a l l e y ,  l o c a t e d  abou t  80 km west of t h e  

town of Kuantan ( ~ i g .  2 ) .  A v i l l a g e r  showed us  a p l a c e  on t h e  e a s t  s i d e  

of  t h e  Lepar River  where he had observed a  r h i n o  d u r i n g  t h e  p rev ious  

week. I fo l lowed  f r e s h  r h i n o  t r a c k s  from t h e  p o i n t  of  h i s  o b s e r v a t i o n  

i n t o  nearby secondary f o r e s t .  Suddenly,  I encoun te red  a  l a r g e  a d u l t  

r h i n o  running from a  wel l -used wallow. The n e x t  day,  o l d e r  r h i n o  s i g n  

was found 9 km upst ream from t h e  wallow n e a r  t h e  pr imary f o r e s t  f r i n g e .  

From 1976-78, Conry (DWNP s t a f f ,  p e r s .  cornm.) surveyed most of t h e  

lowland a r e a  w i t h i n  t h e  Lepar  Va l l ey  w h i l e  s t u d y i n g  t h e  Pialayan gaur  

(Bos gaurus). O c c a s i o n a l l y ,  he encountered t h e  t r a c k s  and wallows of a t  

].east 2 animals  a l o n g  t h e  pr imary f o r e s t  f r i n g e  west  of  t h e  L,epar R iver .  

The on ly  o t h e r  r h i n o  r e p o r t  from Kuantnn D i s t r i c t  was r c c e i v e d  i n  1979 

from t h e  g e o l o g i s t  a t  t h e  Sungai  Lernbing mine. Singh ( p e r s .  comm.) 

r e p o r t e d  t h a t  a  r h i n o  was obse rved  w h i l e  a  work crew was su rvey ing  t h e  



mountainous a r e a  d i r e c t l y  n o r t h  of t h e  o ~ i n e .  

I e s t i m a t e  t h a t  3 t o  5 r h i n o s  o c c u r  w i t h i n  t h i s  s e c t i o n  of t h e  

Kuantan D i s t r i c t .  These an imals  m a y  range nor thward from t h e  Lepnr 

River  t o  Taman Negara. U n f o r t u n a t e l y ,  a thorough s e a r c h  of t h e  h i l l y  

l a n d s  t o  t h e  west  and e a s t  of t h e  Lepar Va l l ey  was not  p o s s i b l e .  

P r e s e n t l y ,  t h i s  mountainous a r e a  i s  con t iguous  w i t h  a  l a r g e  f o r e s t e d  

r e g i o n  t o  t h e  n o r t h .  Large-sca le  a g r i c u l t u r a l  development i s  p lanned 

f o r  t h e  upper Lepar Kiver  b a s i n  and t h e  a d j a c e n t  Tekam V a l l e y ,  which 

w i l l  i s o l a t e  t h e  Lepar r h i n o s  from those  i n  t h e  Taman Negara r e g i o n .  

The long-term s u r v i v a l  of  t h e  Lepar r h i n o s  i s  u n c e r t a i n  because  of t h e  

l a r g e  amount of a g r i c u l t u r a l  and f o r e s t r y  development i n  t h e  r e g i o n .  

Buki t  Gebok. I n  1980,  r h i n o  s i g n  was r e p o r t e d  from t h e  Buki t  -- 
Gebok a r e a  (F ig .  2 ) .  A survey  of t h i s  s m a l l  i s o l a t e d  pa tch  of f o r e s t  

conf i rmed t h e  p resence  o f  a t  l e a s t  1 animal .  I s u s p e c t  t h a t  t h i s  

i s o l a t e d ,  s o l i t a r y  animal  w i l l  n o t  s u r v i v e  long  because  t h i s  p a t c h  of  

h a b i t a t  i s  s m a l l  and t h e  t h r e a t  of poaching i s  h igh .  

Krau W i l d l i f e  Reserve .  His lop  (1965) r e p o r t e d  t h a t  r h i n o s  

o c c u r r e d  w i t h i n  t h e  500 km2 Krau W i l d l i f e  Reserve  i n  1941, p r i m a r i l y  on 

t h e  w e s t e r n  s l o p e s  of Gunung Benom (F ig .  2 ) .  Milton (1963) recorded  t h e  

l a s t  confirmed r h i n o  s i g n  i n  t h i s  r e s e r v e .  I was unab le  t o  survey t h e  

Krau Reserve  because  a c c e s s  was s t r i c t l y  c o n t r o l l e d  by t h e  p o l i c e .  

I n f o r m a t i o n  c o l l e c t e d  from v i l l a g e r s  l i v i n g  n e a r  t h e  Reserve i n d i c a t e d  

t h a t  r h i n o s  probably  no l o n g e r  o c c u r  w i t h i n  t h e  Krau. 



West C o a s t a l  Region 

S u n ~ a i  Dusun W i l d l i f e  Reserve.  The Sumatran r h i n o  occur red  

s y m p a t r i c l y  wi th  t h e  Javan  r h i n o  (Rhinoceros  s o n d i c u s )  a long  t h e  west 

c o a s t a l  p l a i n  ( ~ i g .  3 1 ,  e s p e c i a l l y  i n  t h e  s t a t e s  of Se langor  and Perak 

(Foenander ,  1952; Groves ,  1967) .  The l a s t  known Javan r h i n o  i n  Malaysia 

was s h o t  i n  1932 (Hedway, 1 9 6 9 ) ,  and t h i s  s p e c i e s  i s  now thought  t o  be 

e x t i n c t  i n  Malaysia .  Because o f  t h e  o v e r l a p  i n  t h e i r  h i s t o r i c  

d i s t r i b u t i o n ,  s p e c i e s  i d e n t i f i c a t i o n  has been u n c e r t a i n  i n  t h i s  a r e a  

 trickla land, 1967) .  

Wray (1906) r e p o r t e d  t h a t  r h i n o s  were fo rmer ly  p l e n t i f u l  i n  

t h e  Dindings  D i s t r i c t  of  Pe rak .  Sumatran r h i n o s  i n  t h e  Bernam Val ley  

west  of t h e  r a i l w a y  l i n e  were f i r s t  r e p o r t e d  i n  1949 by His lop  (1965) .  

I n  1957 and 1960, a  s o l i t a r y  Sumatran r h i n o  was obse rved  i n  Lima Belas  

E s t a t e ,  Pe rak ,  15  km n o r t h  of t h e  Bernam River .  Milton's  (1963) 2-month 

su rvey  r e c o r d e d  t r a c k s  of  2  t o  3  r h i n o s  i n  an  a r e a  s o u t h  of t h e  Bernam 

River  l o c a t e d  between t h e  Dusun and T ingg i  r i v e r s .  I n  1965, t h e  

S e l a n g o r  s t a t e  government e s t a b l i s h e d  t h e  40 km2 Sungai  Dusun W i l d l i f e  

Rese rve  t o  p r o t e c t  t h i s  s m a l l  r h i n o  p o p u l a t i o n .  S t r i c k l a n d  (1967) 

conduc ted  a l -year  s t u d y  on t h e  movements and ecology of t h e s e  r h i n o s  

and concluded t h a t  a t  l e a s t  3  animals  used t h e  Rese rve ,  p r i m a r i l y  t h e  

more h i l l y  l ands  i n  t h e  e a s t e r n  s e c t i o n .  S i n c e  1970, DWNP r a n g e r s  have 

been s t a t i o n e d  a t  a  g u a r d  pos t  b u i l t  n e a r  t h e  Dusun River  w i t h i n  t h e  

Rese rve  t o  p r o t e c t  t h e s e  r h i n o s .  

S e v e r a l  v i s i t s  were made t o  Sungai  Dusun t o  c o l l e c t  r h i n o  

r e p o r t s  r ecorded  by DWNP r a n g e r s ,  and t o  su rvey  a r e a s  l o c a t e d  t o  t h e  
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n o r t h  and e a s t  of t h e  guard  p o s t .  F r e q u e n t l y ,  t h e  r a n g e r s  observed 

r h i n o s  & tile guard  post  o r  t l ~ c i r  s i g n  i n  t l ~ c  nearby l o r c a t .  ~ u r i n t :  

1976,  s o l i t a r y  rh inos  were obse rved  a t  t h e  g u a r d  pos t  6 t i m e s ,  and a  

cow/cal f  pair was obse rved  once.  During 1979-1981, r h i n o s  were observed 

a t  tlre guard  post  5  t imes  and t r a c k s  were f r e q u e n t l y  encoun te red  a t  a  

wel l -used wallow 2 km e a s t  of  t h e  guard  p o s t .  A p p a r e n t l y ,  t h e  r h i n o s  

came t o  t h e  guard  p o s t  t o  f e e d  on ashes  from campf i res .  I n  1979,  Marsh 

( p e r s .  comm.) encoun te red  a r h i n o  1 .5  km n o r t h  of  tile Keserve and found 

t r a c k s  t o  t h e  west  of  t h e  guard  p o s t .  During 2 of  my 5 v i s i t s ,  I found 

f r e s h  t r a c k s  w i t h i n  3 km o f  t h e  guard  p o s t .  

Based on an e v a l u a t i o n  of t h e  above o b s e r v a t i o n s ,  I e s t i m a t e  

t h a t  4  t o  6  r h i n o s  use  a r e a s  w i t h i n  o r  a d j a c e n t  t o  t h e  Sungai Dusun 

W i l d l i f e  Reserve.  A p p a r e n t l y ,  t h e s e  r h i n o s  use  a r e a s  t o  t h e  n o r t h  and 

west  more f r e q u e n t l y  t h a n  t h e  h a b i t a t  w i t h i n  t h e  Reserve .  T h i s  Reserve  

i s  t o o  s m a l l  t o  c o n t a i n  t h e  complete  home range  of  such a  f a r - r a n g i n g  

s p e c i e s .  ~ i l t o n  (1963)  and S t r i c k l a n d  (1967) were bo th  n a i v e  t o  s t a t e  

t h a t  a  40 km2 r e s e r v e  would adequa te ly  c o n t a i n  t h e  complete r anges  of 3  

a n i m a l s .  U n f o r t u n a t e l y ,  r h i n o  use  of  l a n d s  o u t s i d e  t h e  Reserve ,  

e s p e c i a l l y  a long  t h e  Bernam R i v e r ,  has  n o t  been a d e q u a t e l y  e v a l u a t e d .  

The DWNP and t h e  Se langor  s t a t e  government have proposed t h a t  100 km2 of  

a d j a c e n t  land be added t o  t h i s  Reserve.  The c o n t i n u e d  s u r v i v a l  of  t h i s  

s m a l l  r h i n o  p o p u l a t i o n  w i l l  depend on expanding t h e  s i z e  of t h i s  Reserve  

and p r o t e c t i n g  t h e  an imals  w i t h i n  and o u t s i d e  t h e  Keserve f r o m  poaching.  
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Ulu Selamn. H i s l o p  (1965) s t a t e d  t h a t  t h e  l a r g e s t  number of  

r h i n o s  i n  klalaysia o c c u r r e d  i n  t h e  mountaiuous t e r r a i n  w i t h i n  t h e  

Bintang Hijai l  F o r e s t  Keserve ncor  t h e  Selnma River  ( F i g .  3 ) .  Miltoo 

(1963) v i s i t e d  t h e  upper Selania River a r e a  and h i s  p a r t y  observed a n  

a d u l t  r h i n o  nea r  a  well-known s a l t  l i c k  ( J e n u t  S r i  Rimau). S t r i c k l a n d  

(1967) conducted a  b r i e f  su rvey  of t h e  Selania b a s i n  and found t r a c k s  o f  

a t  l e a s t  3  a d u l t  r h i n o s  n e a r  t h e  s a l t  l i c k s .  During 1967, S tevens  

(1968) b r i e f l y  v i s i t e d  t h e  Selama a r e a  and recommended t h a t  a  220 km2 

w i l d l i f e  r e s e r v e  be e s t a b l i s h e d  i n  t h e  Selama b a s i n  t o  p r o t e c t  t h i s  

r h i n o  populnt  i o n .  

I was u n a b l e  t o  su rvey  t h e  Selama a r e a  because  a c c e s s  t o  t h e  

f o r e s t  was r e s t r i c t e d  by t h e  p o l i c e .  The on ly  r e c e n t  in fo rmat ion  about  

r h i n o s  i n  t h i s  a r e a  was c o l l e c t e d  by Thong (DWNP warden,  p e r s .  comrn.). 

I n  1977,  he v i s i t e d  t h e  s a l t  l i c k s  and found f r e s h  t r a c k s  of  a t  l e a s t  2 

r h i n o s .  The p r e s e n t  s t a t u s  of  t h e s e  an imals  i s  u n c e r t a i n  because t h i s  

a r e a  r e c e i v e s  no s p e c i a l  p r o t e c t i o n .  Based on p r e v i o u s  t r a c k  

o b s e r v a t i o n s ,  I e s t i m a t e  t h a t  3 t o  5 r h i n o s  o c c u r  i n  t h i s  r e g i o n .  

Ulu Belum. H i s l o p  (1965) sugges ted  t h a t  r h i n o s  o c c u r r e d  i n  -- 
t h e  upper Perak River  wa te r shed  n e a r  t h e  T h a i  b o r d e r .  S tevens  (1968) 

recommended t h e  e s t a b l i s h m e n t  of a  2000 km2 n a t i o n a l  park  i n  t h i s  

r emote ,  mountainous r e g i o n  t o  p r o t e c t  t h e  v a l u a b l e  w i l d l i f e  r e s o u r c e .  I 

was u n a b l e  t o  survey t h e  Belum River  a r e a  because  t h e  border  r e g i o n  has  

been t h e  home of  t e r r o r i s t s  and b a n d i t s  f o r  many y e a r s .  Thong 



( p e r s .  comm.) b r i e f l y  su rveyed  t h e  lower s e c t i o n  of  t h e  Belum River i n  

1972 and found t r a c k s  of a t  l e a s t  2  r h i n o s .  Thong's o b s e r v a t i o n s  a r e  

t h e  o n l y  confirmed r h i n o  r e p o r t s  f r o n  t h e  a r e a .  Based on t h e  above 

i n f o r m a t i o n ,  I e s t i m a t e  t h a t  3 t o  5 r h i n o s  may o c c u r  i n  t h e  Ulu Belum 

a r e a .  

Thai-Kedah b o r d e r .  H i s l o p  (1965) r e p o r t e d  f i n d i n g  r h i n o  

t r a c k s  i n  t h e  mountainous l a n d  a l o n g  t h e  Thailand-Kedah border  i n  1941 

( F i g .  3 ) .  T h i s  a r e a  was n o t  surveyed because  of  p o l i c e  r e s t r i c t i o n s .  

I n f o r m a t i o n  c o l l e c t e d  by PicNeely & Laur ie  (1977) on t h e  Thai  s i d e  of t h e  

b o r d e r  i n d i c a t e d  t h a t  r h i n o s  were no longer  found t h e r e .  A more 

thorough  su rvey  of t h e  e n t i r e  Thailand-Plalaysia b o r d e r  r e g i o n  i s  needed 

t o  o b t a i n  adequa te  i n f o r m a t i o n  on r h i n o  o c c u r r e n c e  t h e r e .  

STATUS AND COYSERVATION 

Today, t h e  Sumatran r h i n o c e r o s  a p p e a r s  t h r e a t e n e d  w i t h  

immediate e x t i n c t  i o n  i n  P e n i n s u l a r  Plalays i a .  Excess ive  hun t ing  d u r i n g  

t h e  p a s t  few c e n t u r i e s  h a s  r educed  t h i s  once  widespread s p e c i e s  t o  a  few 

s m a l l  s c a t t e r e d  p o p u l a t i o n s  o c c u r r i n g  i n  remote a r e a s  of  tllc coun t ry .  

I n  a d d i t i o n ,  l a r g e - s c a l e  h a b i t a t  d e s t r u c ~ i o n  by logg ing  ar~d f o r e s t  

c l e a r a n c e  f o r  a g r i c u l t u r a l  developn~ent  h a s  f u r t h e r  i s o l a t e d  t h e  a l r e a d y  

s m a l l  p o p u l n t i o n s  and h a s  reduced t h e  amount of  s u i t a b l e  h a b i t a t .  T h e  

e x p l o i t a t i o n  of t h e  f o r e s t s  h a s  a l s o  brought t h e  s u r v i v i n g  r h i n o s  i n t o  



much c l o s e r  c o n t a c t  w i t h  p e o p l e ,  g r e a t l y  i n c r e a s i n g  t h e i r  s u s c e p t i b i l i t y  

t o  poaching.  

During t h e  c o l o n i a l  p e r i o d ,  Sumatran and Javan  r h i n o s  were 

g i v e n  i n c o n s i s t e n t  p r o t e c t  ion  i n  t h e  Malay p e n i n s u l a ;  t h e i r  l e g a l  s t a t u s  

v a r i e d  among t h e  s t a t e s .  With t h e  approva l  o f  t h e  'wild Animal and Bird  

P r o t e c t i o n  Ordinance' i n  1955,  t h e  DWNP was c e n t r a l i z e d  and both  r h i n o  

s p e c i e s  were c l a s s i f i e d  a s  t o t a l l y  p r o t e c t e d .  The ' W i l d l i f e  Act of  

1972' provided f o r  b e t t e r  o r g a n i z a t i o n  of  t h e  DGiNP and s t r o n g e r  

p e n a l t i e s  f o r  t h e  k i l l i n g  o r  p o s s e s s i o n  of  t o t a l l y  p r o t e c t e d  s p e c i e s  

(maximum f i n e  US$ 1200 a n d l o r  2 y e a r s  i n  j a i l ) .  S i n c e  1975, t h e  DWNP 

h a s  g r e a t l y  i n c r e a s e d  t h e  number of s t a f f  and t h e  amount of  funds 

a v a i l a b l e  f o r  c o n s e r v a t i o n  and law enforcement programs. With t h e  

p roper  deployment and c o o r d i n a t i o n  of funds  and p e r s o n n e l ,  r h i n o  

poaching can be minimized.  

The h i g h  p r i c e  of r h i n o  body p r o d u c t s  c o n t i n u e s  t o  p rov ide  a  

s t r o n g  i n c e n t i v e  f o r  poaching.  Mart in  (1979) found t h e  average  r e t a i l  

p r i c e  of  Asian r h i n o  horn i n  4 Asian c o u n t r i e s  t o  range from US$ 3000 t o  

11,000 per  kg.  The number of  r h i n o s  k i l l e d  by poachers  i n  P e n i n s u l a r  

Malaysia  i s  not  known, b u t  a t  l e a s t  2 an imals  have d i e d  s i n c e  1975. 

Even though t h e  t r a d i n g  of  Sumatran and Javan r h i n o  body p a r t s  i s  

p r o h i b i t e d  under p r e s e n t  law, A f r i c a n  and I n d i a n  r h i n o  p roduc t s  can be 

l e g a l l y  s o l d  and a r e  found i n  most Chinese medic ine  shops.  A t  l e a s t  8 

b r a n d s  of  a  f e v e r  t o n i c  made from r h i n o  horn  (known a s  a y e r  badak o r  

r h i n o  w a t e r )  can be purchased i n  most r e t a i l  s t o r e s  f o r  under US$ 0.50. 

The amount of  r h i n o  horn consumed o r  t r a d e d  i n  Malaysia  i s  not  known. 



R e c e n t l y ,  Malaysia  s i g n e d  a n  i n t e r n a t i o n a l  t r e a t y  c o n t r o l l i n g  t h e  t r a d e  

i n  endangered s p e c i e s  ( conven t ion  on t h e  I n t e r n a t i o n a l  Trade i n  

Endangered S p e c i e s  of  Wild Fauna and ~ l o r a ) .  T h i s  t r e a t y  p r o h i b i t s  a l l  

t r a d e  i n  r h i n o  body p a r t s  because  t h e  s t a t u s  of  a l l  s p e c i e s  i s  

p r e c a r i o u s  throughout  t h e  wor ld .  Hopefu l ly ,  a  program s topp ing  t h e  

t r a d e  of  a l l  r h i n o  p r o d u c t s  w i l l  soon b e  implemented i n  Malaysia.  

P r o s p e c t s  f o r  t h e  long-term s u r v i v a l  of  t h e  Sumatran r h i n o  i n  

Malaysia  a r e  poor .  The l o s s  o f  a d u l t  an imals  t o  poaching and t h e  almost  

complete  l a c k  of r e p r o d u c t i v e  s u c c e s s  a r e  t h e  immediate problems. 

Evidence of  young an imals  i s  seldom r e p o r t e d  o r  encoun te red  i n  t h e  

f i e l d .  The on ly  known r e c r u i t m e n t  of  young r h i n o s  h a s  occur red  i n  t h e  

Endau-Rompin and Sunga i  Dusun a r e a s .  Without any new b i r t h s ,  a  

p o p u l a t i o n  i s  e s s e n t i a l l y  dead and a b l e  t o  p e r s i s t  on ly  because 

i n d i v i d u a l s  of  t h e  s p e c i e s  a r e  long- l ived .  Sumatran r h i n o s  have been 

k e p t  i n  c a p t i v i t y  f o r  o v e r  32 y e a r s  (Van S t r i e n ,  1974) .  L i t t l e  

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

s p e c i e s ,  bu t  a l l  ev idence  s u g g e s t s  t h a t  t h e i r  r e p r o d u c t i v e  p o t e n t i a l  i s  

q u i t e  low. Borner (1978) e s t i m a t e d  r e p r o d u c t i v e  pa ramete r s  based on 

d a t a  from s i m i l a r  r h i n o  s p e c i e s .  He c o n j e c t u r e d  t h a t  under good 

env i ronmenta l  c o n d i t i o n s  female  Sumatran r h i n o s  become s e x u a l l y  mature 

a t  3.5 t o  6 y e a r s  o f  a g e ,  then  produce a  c a l f  on ly  once i n  about 3 

y e a r s .  S e v e r a l  o t h e r  f a c t o r s  probab1.y c o n t r i b u t e  t o  t h e  low 

r e p r o d u c t i v e  r a t e  obse rved  i n  t h i s  s p e c i e s .  A d u l t s  a r e  s o l i t a r y ,  

f a r - r a n g i n g ,  and o c c u r  a t  low d e s i t i e s  (Van S t r i e n ,  1974; Borner ,  1978) .  

No e v i d e n c e  of  a  b r e e d i n g  season  h a s  ever  been obse rved .  Thus, t h e  



f requency  of c o n t a c t  among s e x u a l l y  r e c e p t i v e  an imals  would be low under 

o p t i m a l  c o n d i t i o n s  and d e c r e a s e  r a p i d l y  wi th  reduced p o p u l a t i o n  s i z e .  

I n  a r e a s  wi th  ext remely low numbers, both  r e p r o d u c t i v e l y  a c t i v e  male and 

fe r r~a le  i n d i v i d u a l s  may no t  even be p r e s e n t  i n  t h e  p o p u l a t i o n ,  o r  the 

d e n s i t y  of  i n d i v i d u a l s  may be too low f o r  s u c c e s s f u l  mating.  

The f r a g m e n t a t i o n  of  t h e  r h i n o  p o p u l a t i o n  i n t o  i s o l a t e d  

h a b i t a t  i s l a n d s  by logg ing  and f o r e s t  c l e a r a n c e  h a s  made t h e  s p e c i e s  

more s u s c e p t a b l e  t o  e x t i n c t i o n .  T h e  impact o f  demographic,  

env i ronmenta l ,  and g e n e t i c  s t o c l i a s t i c  f a c t o r s  i n c r e a s e s  i n  importance a s  

p o p u l a t i o n  s i z e  d e c r e a s e s  ( S h a f f e r ,  1981).  An e f f e c t i v e  p o p u l a t i o n  s i z e  

of a t  l e a s t  50 i n d i v i d u a l s  h a s  been proposed a s  t h e  minimum n e c e s s a r y  

f o r  m a i n t a i n i n g  shor t - t e rm f i t n e s s  i n  most s p e c i e s  (Sou le ,  1980).  I n  

t h e  long-term, g e n e t i c  v a r i a b i l i t y  w i l l  be m a i n t a i n e d  on ly  i f  p o p u l a t i o n  

s i z e s  a r e  of an o r d e r  of magni tude h i g h e r  ( F r a n k l i n ,  1980).  A l l  r h i n o  

p o p u l a t i o n s  i n  P e n i n s u l a r  Malaysia a r e  below t h e  suggest 'ed minimum 

v i a b l e  p o p u l a t i o n  s i z e .  Thus ,  on ly  t h e  l a r g e s t  r h i n o  popu la t  i o n s  

(~ndau-Rompin,  Taman Negara, and Sungai Dusun) have much chance f o r  

l long-term s u r v i v a l  and s m a l l e r  groups have l i t t l e  chance f o r  even 

I s h o r t - f  ern1 p e r s i s t e n c e .  

A c o n s e r v a t i o n  program f o r  t h i s  s p e c i e s  needs t o  be developed 

which i n c l u d e s  bo th  shor t - t e rm and long-term s t r a t e g i e s .  I n  t h e  

1 
i shor t - t e rm,  a l l  an imals  must be  p r o t e c t e d  from poaching and t h e i r  

h a b i t a t  p r o t e c t e d .  A11 r h i n o  a r e a s  sliould be r e g u l a r l y  p a t r o l l e d  f r c r m  

g u a r d  p o s t s  l o c a t e d  a t  main a c c e s s  p o i n t s .  The p e n a l t i e s  f o r  poaching 



t h e  p r o t e c t i o n  program. Recent s t u d i e s  have shown t h a t  t h i s  r h i n o  

s p e c i e s  avo ids  a r e a s  where t t i e i r  pri.niary i o r e s t  h a b i t a t  hae been 

modi f i ed  by logg ing  (F lynn ,  1978) .  Thus,  l a r g e  t r a c t s  of p r e f e r r e d  

h a b i t a t  need t o  be p r o t e c t e d  by e s t a b l i s h i n g  n a t i o n a l  parks  o r  w i l d l i f e  

s a n c t u a r i e s .  P r i o r i t y  f o r  h a b i t a t  a c q u i s i t i o n  should  be g iven  t o  a r e a s  

t h a t  c o n t a i n  t h e  l a r g e s t  r h i n o  p o p u l a t i o n s .  The e x p l o i t a t i o n  of o t h e r  

r h i n o  a r e a s  t h a t  can n o t  be a c q u i r e d  ~ h o u l d  be  de layed  u n t i l .  a  system o f  

r e s e r v e s  h a s  been e s t a b l i s h e d .  A d d i t i o n a l  s u r v e y s  o f  a l l  r h i n o  a r e a s  

a r e  needed t o  f u r t h e r  document d i s t r i b u t i o n  and numbers. Known r h i n o  

g roups  should  be c a r e f u l l y  moni tored t o  de te rmine  yopula t  ion  t r e n d s ,  

e s p e c i a l l y  r e c r u i t m e n t  r a t e s .  Research i n t o  t h e  h a b i t a t  and food 

requ i rements  of  t h e s e  an imals  should  be c o n t i n u e d  u n t i l  t h e i r  ecology 

and h a b i t a t  r e l a t i o n s h i p s  a r e  b e t t e r  unders tood .  Experiments des igned 

t o  i n c r e a s e  food a v a i l a b i l i t y  (Flynn,  1980) shou ld  be  expanded and 

e v a l u a t e d .  

I n  o r d e r  t o  p r e v e n t  t h e  e x t i n c t i o n  of  t h i s  s p e c i e s  i n  

Malays ia ,  L sugges t  a  long-term conse rva t  i o n  s t r a t e g y  t h a t  would a t t e m p t  

t o  m a i n t a i n  v i a b l e  r h i n o  p o p u l a t i o n s  i n  a sys tem o f  s e p a r a t e d  r e s e r v e s .  

T h i s  program would r e q u i r e  t h e  t r a n s l o c a t i o n  of animals  from a r e a s  w i t h  

ex t remely  low numbers o r  i n s e c u r e  h a b i t a t  t o  s a n c t u a r i e s  which c o n t a i n  

v i a b l e  b r e e d i n g  p o p u l a t i o n s ,  s u i t a b l e  h a b i t a t ,  and good law enforcement 

sys tems.  The t h r e a t s  of  h a b i t a t  d e s t r u c t i o n ,  p a r a s i t e s ,  d i s e a s e ,  and 

n a t u r a l  c a t a s t r o p h e s  would be reduced by m a i n t a i n i n g  s e v e r a l  i s o l a t e d  

p o p u l a t i o n s .  An o c c a s i o n a l  movement of  animills nlnong t h e  r t l serves  would 

pe rmi t  g e n e t i c  mixing t o  minimize t h e  n e g a t i v e  impact of i n b r e e d i n g  



d e p r e s s i o n  and o t h e r  g e n e t i c  f a c t o r s  ( ~ r a n k l i n ,  1980) .  However, c a p t u r e  

and h a n d l i n g  p rocedures  would need t o  be developed b e f o r e  such a  program 

cou ld  be  implemented. 

I n  P e n i n s u l a r  P la lays ia ,  3 a r e a s  e x i s t  t h a t  may be s u i t a b l e  f o r  

m a i n t a i n i n g  v i a b l e  Srimatran r h i n o  popula t  i o n s .  'The Endau-Rompin r e g i o n  

a p p e a r s  t o  be t h e  b e s t  p l a c e  and c o n s e r v a t i o n  e f f o r t s  should  be 

c o n c e n t r a t e d  t h e r e .  T h i s  a r e a  c o n t a i n s  t h e  l a r g e s t  (20-25) and most 

dense  (1 an imal  pe r  40 km2 ) r h i n o  p o p u l a t i o n  i n  t h e  coun t ry  ( ~ l ~ n n  and 

Abdul lah ,  1983) .  Although some ev idence  of  r e p r o d u c t i o n  h a s  been 

o b s e r v e d ,  t h e  low r e c r u i t m e n t  r a t e  i n d i c a t e s  t h a t  t h i s  p o p u l a t i o n  may be  

n e a r  a minimum number r e q u i r e d  f o r  r e p r o d u c t i o n  t o  occur .  A p o r t i o n  of  

t h e  s u i t a b l e  r h i n o  h a b i t a t  i n  t h e  Endau-Rompin r e g i o n  may b e  p r o t e c t e d  

a s  a  n a t i o n a l  park  (F lynn ,  1980) .  T h i s  n a t i o n a l  park  would be 

su r rounded  by an a d d i t i o n a l  400 km2 of f o r e s t e d  l a n d s  managed f o r  t imber  

p roduc t ion .  I f  approved a s  proposed,  t h i s  n a t i o n a l  pa rk  w i l l  c o n t a i n  

about  65% of  t h e  p r e s e n t l y  occup ied  r h i n o  a r e a ,  i n c l u d i n g  most of t h e  

more h e a v i l y  used h a b i t a t s .  P r e s e n t l y ,  DWNP r a n g e r s  p a t r o l  p o r t i o n s  of  

t h e  r h i n o  a r e a ,  but  t h i s  e f f o r t  needs t o  be g r e a t l y  i n c r e a s e d .  Guard 

p o s t s  should  be b u i l t  a t  t h e  main a c c e s s  p o i n t s  t o  f a c i l i t a t e  t h e  

p r o t e c t i o n  program by d i s c o u r a g i n g  human e n t r y  ( ~ l y n n ,  1980).  

Taman Negara i s  t h e  n e x t  b e s t  a r e a  t o  m a i n t a i n  a  r h i n o  

p o p u l a t i o n  i n  P e n i n s u l a r  Malaysia .  Th i s  remote a r e a  c o n t a i n s  t h e  second 

l a r g e s t  number of r h i n o s  i n  Malaysia  (8-121, and t h e  h a b i t a t  w i t h i n  t h e  

p a r k  i s  r easonab ly  s e c u r e  because  of  l e g a l  p r o t e c t i o n  a s  a  n a t i o n a l  

pa rk .  A f t e r  Nalaysia ' s  a g r i c u l t u r a l  l a n d s  have been c l e a r e d  and t h e  



conii~icrciol f o r c o t a  logp.cd, Tn111nl1 Htxk;:~rn wi.11 b e  t h e  1argcr; t  tr:ict of 

prinlnsy f o r e s t  rcntoinil~t;  i n  tlii! c o u n ~ l - y .  l ' r e s c n t l y ,  t h e  d c i ~ a i i y  of 

r h i n o s  t h e r e  i s  ex t remely  low; t h e s e  an imals  may be  too  s c a t t e r e d  t o  

r eproduce  s u c c e s s f u l l y  . T h e  Tnmiln Negnra a r e a  s l~o t i ld  be ext.ensive1.y P 

surveyed  t o  b e t t e r  document r h i n o  d i s t r i b u t i o n ,  nw~tbers ,  and rec ru i tn icn t  

r a t e s .  

The Sungai Dusun a r e a  i s  t h e  on ly  o t h e r  p l a c e  i n  P e n i n s u l a r  

Malaysia  t h a t  has  much p o t e n t i a l  f o r  m a i n t a i n i n g  a v i a b l e  p o p u l a t i o n  of  

Sumatran r h i n o s .  A sniull  number of  r h i n o s  have p e r s i s t e d  t h e r e  f o r  many 

y e a r s ,  and ev idence  of  young an imals  h a s  been obse rved  o c c a s i o n a l l y .  

The p r e s e n t  r e s e r v e  may b e  too  s n ~ a l l  f o r  t h e  maintenance of a  v i a b l e  

r h i n o  popu la t ion .  Lands on t h e  n o r t h  and west  s i d e  of t h e  r e s e r v e  

shou ld  be  added t o  c r e a t e  a  more s u i t a b l e  s a n c t u a r y .  The DWNP r a n g e r  

p a t r o l  system needs t o  be  s t r e n g t h e n e d  and expanded t o  i n c l u d e  a r e a s  

used by t h e  r h i n o s  t h a t  a r e  a d j a c e n t  t o  t h e  p r e s e n t  r e s e r v e .  

Other a r e a s  w i t h i n  Malaysia  have l i t t l e  p o t e n t i a l  f o r  

m a i n t a i n i n g  v i a b l e  p o p u l a t i o n s  of Sumatran r h i n o s .  S t i l l ,  a l l  known 

r h i n o  a r e a s  should  be  r e g u l a r l y  p a t r o l l e d  t o  p r e v e n t  poaching and 

de te rmine  numbers. A program shou ld  be developed t o  c a p t u r e  r h i n o s  

t h r e a t e n e d  by immediate h a b i t a t  d e s t r u c t i o n  o r  poaching f o r  r e l e a s e  i n  

one o f  t h e  more s e c u r e  a r e a s .  
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1 N  THE F.NI)AL'-ROPIPIN REGION 

OF PENINSULAR MALAYSIA 



ABSTRACT 

D i s t r i b u t i o n  of  t h e  Sumfitran r h i n o c e r o s  i n  t h e  Endau-Rompin 

r e g i o n  of sou the rn  P e n i n s u l a r  Malaysia was s t u d i e d  from 1975 t o  1981. I 

c o l l e c t e d  in fo rmat ion  from a  g e n e r a l  f i e l d  s u r v e y  and i n t e r v i e w s  w i t h  

peop le  l i v i n g  n e a r  r h i n o  a r e a s .  I found t h a t  i n d i v i d u a l  r h i n o s  could  be  

d i f f e r e n t i a t e d  based on s t a t i s t i c a l  d i f f e r e n c e s  i n  median t r a c k  w i d t h ,  

t h e  d i s t a n c e  between t r a c k  o b s e r v a t i o n s  of s i m i l a r  s i z e ,  and 

r e c o g n i z a b l e  cow/calf  p a i r s .  Rhinos were found t o  occur  throughout  t h e  

r e g i o n  i n  most of t h e  remain ing  cont iguous  pr imary f o r e s t ,  occupying 

about  1600 km2. The number of  rh inos  i n  400 km2 of  t h e  s o u t h e r n  s e c t i o n  

was e s t i m a t e d  from a  s e r i e s  of  4 census su rveys  conducted from 1977 t o  

1981. I recorded  t h e  t r a c k s  of  8 ,  6 ,  8 ,  and 8 unique r h i n o s  on t h e  

s t u d y  a r e a  d u r i n g  t h e  c e n s u s e s  and e s t i m a t e d  t h a t  10 r h i n o s  o c c u r r e d  

t h e r e ,  a d e n s i t y  o f  l an imal /40  km2. Rhino d e n s i t y  i n  t h e  remainder  of 

t h e  r e g i o n  appeared t o  be much lower ,  about  1 anirna1/80-120 km2. I 

e s t i m a t e d  t h a t  20-25 Sumatran r h i n o s  o c c u r  i n  t h e  Endau-Rompin r e g i o n .  

Young r h i n o s  were found i n  t h e  popu la t ion  i n  1975,  1977, and 1981 f o r  an 

a n n u a l  t o t a l  r e c r u i t m e n t  r a t e  of 0.5 y o u ~ ~ g / y e a r .  One c a s e  of a d u l t  

m o r t a l i t y  was documentated.  T h e  Endau-Rompin r e g i o n  i s  t h e  b e s t  p l a c e  

i n  hialaysia t o  m a i n t a i n  a  v i a b l e  p o p u l a t i o n  o f  Sumatran r h i n o s  because 

i t  c o n t a i n s  t h e  larger i t  number of an imals ,  ev idence  of  r e c r u i t n ~ e n t  has  

been obse rved ,  a law enlorcernent progrant llas been s t a r t e d ,  and a p o r t i o ~ i  

of t h e  r e g i o n  (870 km2) h a s  been proposed f o r  n a t i o n a l  park s t a t u s .  



INTRODUCTION 

The Sumatran o r  two-horned A s i a t i c  r h i n o c e r o s  (Dice ro rh inxs  

sumatrenu& F i s h e r  18141, one of t h e  world's r n r e u t  l a r g e  mammals, i s  

t h r e a t e n e d  wit11 e x t i i l c t i o n  throughout  i t s  range  (sirnon, 1969).  T h i s  

f o r e s t - d w e l l i n g  r h i n o  was once found a c r o s s  S o u t h e a s t  A s i a ,  from t h e  

h i l l s  of  e a s t e r n  Assam i n  I n d i a  through Ilurma, T h a i l a n d ,  Indoch ina ,  t h e  

blalay p e n i n s u l a ,  and t h e  Sunda i s l a n d s  o f  Sumatra and Borneo ( ~ r o v e s ,  

1967; Van S t r i e n ,  1974) .  Recent surveys  have shown t h a t  t h e  Sumatran 

r h i n o  i s  now r e s t r i c t e d  t o  s m a l l  s c a t t e r e d  p o p u l a t i o n s  o c c u r r i n g  i n  

Rurma (Schenkel  and Schenke l ,  19791, T h a i l a n d  (PIcNeely and L a u r i e ,  

1 9 7 7 ) ,  t h e  l la lay  p e n i n s u l a  ( ~ l y n n  and Abdul lah ,  19831, Sumatra ( ~ o r n e r ,  

1978;  Van S t r i e n ,  p e r s .  corn. .) ,  and Borneo (Schenkel  and Schenkel ,  

1979; Payne, 1980; Flynn,  1981) .  

The h i s t o r i c  h u n t i n g  of  r h i n o s  f o r  t h e i r  body p a r t s  h a s  

g r e a t l y  d e p l e t e d  numbers (Van S t r i e n ,  1974) .  Many A s i a t i c  peop le  

b e l i e v e  t h a t  r h i n o  body p a r t s ,  e s p e c i a l l y  t h e  h o r n ,  have s p e c i a l  

m e d i c i n a l  p r o p e r t i e s .  The i n c r e a s e d  use of r h i n o  horn f o r  k n i f e  hand les  

i n  Yeman h a s  caused t h e  p r i c e  of r h i n o  horn  t o  s o a r  d u r i n g  t h e  p a s t  few 

y e a r s  (Mar t in ,  1979) .  R e c e n t l y ,  e x t e n s i v e  h a b i t a t  d e s t r u c t i o n  from 

l o g g i n g  and f o r e s t  c l e a r a n c e  f o r  a g r i c u l t u r a l  development h a s  f u r t h e r  

i s o l a t e d  r h i n o  p o p u l a t i o n s  and reduced t h e  amount of s u i t a b l e  h a b i t a t .  

L i t t l e  d e t a i l e d  in fo rmat ion  o n  t h e  d i s t r i b u t i o n  and numbers o f  

t h e  Sumatran r h i n o  i n  P e n i n s u l a r  Malaysia h a s  been a v a i l a b l e ,  t h e  

l i t e r a t u r e  c o n s i s t i n g  o f  o l d  a c c o u n t s  by h u n t e r s  and game wardens 



(e.g.  Hubbnck, 1939; k'oenandcr, 1952; H i s l o p ,  19651, o r  b r i e f  f i e l d  

s u r v e y s  ( T n l b o t ,  1960;  Foenander,  1961; M i l t o n ,  1963; S t r i c k l a n d ,  

1967; S t c v e n s ,  1968; E l l i s ,  1971) .  I n  1.975, t h e  Malnysian Department of  

W i l d l i f e  and N a t i o n a l  Pa rks  ( D w N P )  i n i t i a t e d  a  long-term s tudy  on t h e  

d i s t r i b u t i o n ,  eco logy ,  and c o n s e r v a t i o n  of  t h e  Sumatran r h i n o  i n  

I ' en insu la r  Malaysia  (F lynn ,  1978) , E a r l y  i n  t h i s  s t u d y ,  1 d i s c o v e r e d  

t h a t  t h e  Endau-Rompin r e g i o n ,  l o c a t e d  i n  t h e  s o u t h e r n  p a r t  of t h e  klalny 

p e n i n s u l a ,  c o n t a i n e d  t h e  country ' s  l a r g e s t  remaining r h i n o  p o p u l a t i o n  

(F lynn  and Abdul lah ,  1983) .  I n  t h i s  p a p e r ,  L p r e s e n t  t h e  r e s u l t s  of  a  

s t u d y  i n t o  t h e  d i s t r i b u t i o n  and number of  Sumatran r h i n o s  i n  t h e  

Bndau-Romp i n  r e g i o n .  

Cencusing a  ground-dwel l ing mammal i n  t r o p i c a l  r a i n  f o r e s t  

h a b i t a t  i s  a  d i f f i c u l t  t a s k .  Drnsc v e g e t o t  i o n ,  r o ~ ~ g h  t:opography, heavy 

r a i n f a l l ,  and s c c r e t i v e  an imals  p reven t  t h e  use  o f  s t a n d a r d  methods 

( E b u r l i e r e ,  1969).  The Sumatran r h i n o  p r e s e n t s  a  p a r t i c u l a r l y  d i f f i c u l t  

problem because  t h e  an imals  can no t  be e a s i l y  obse rved  o r  c a p t u r e d .  

Thus,  a l l  methods must be  based on o b s e r v a t i o n s  of  i n d i r e c t  ev idence  o f  

a n  animal 's  p resence .  The l o c a t i o n s  and s i z e  of  t r a c k s  p rov ide  t h e  on ly  

i n f o r m a t i o n  t h a t  can be r e g u l a r l y  c o l l e c t e d  i n  t h e  f i e l d .  T h i s  r h i n o  

s p e c i e s  h a s  f e e t  w i t h  c h a r a c t e r i s t i c  f l a t ,  c i r c u l a r  s o l e s  and 3  l a r g e  

t o e n a i l s ,  a h a l f  round t o e n a i l  i n  f r o n t  w i t h  more p o i n t e d  t o e n a i l s  t o  

t h e  l e f t  and r i g l i t  of  t h e  s o l e  (Van S t r i e n ,  1979) .  I n  f i r m  s o i l ,  t h e s e  

an imals  l e a v e  c l e a r  f o o t  p r i n t s  t h a t  can be measured a c c u r a t e l y  (F lynn ,  

1978) .  A s t a t i s t i c a l  a n a l y s i s  of t h e  c h a r a c t e r i s t i c s  of r h i n o  t r a c k  

n~easiirements t aken  under f i e l d  cor ld i t ions  i .ndicated t h a t  i n d i v i d u a l  



an imals  can be d i s t i n g r ~ i s h e d  by di .Eferences i n  t r a c k  s i z e s ,  t h e  d i s t a n c e  

between  rack l o c a t i o n s  of  s i m i l a r  s i z e ,  and r e c o g n i z a b l e  a d u l t  

feniale/young p a i r s .  

STUDY AREA 

Endau-Rompin R e ~ i o n  

The Endau-Rompin r e g i o n  i s  l o c a t e d  i n  t h e  s o u t h e r n  p o r t i o n  of 

t h e  Malay p e n i n s u l a ,  abou t  225 km sou th  of  t h e  c a p i t a l  c i t y  of Kuala 

Lumpur ( F i g .  1 ) .  The s t u d y  a r e a  s t r a d d l e s  t h e  Johor-Pahang s t a t e  b o r d e r  

and i s  bounded between 2' 15' N and 2' 50' N l a t i t u d e  and 103' 00' E and 

103O 30' E l o n g i t u d e .  The Endau and Rompin r i v e r s  d r a i n  t h e  s o u t h e r n ,  

e a s t e r n ,  and n o r t h e r n  s e c t i o n s  o f  t h e  r e g i o n ,  f lowing  eas tward i n t o  t h e  

South  China Sea. The Muar River  d r a i n s  t h e  w e s t e r n  s e c t i o n  i n t o  t h e  

S t r a i t s  of  Malacca. 

The region 's  topography i s  g e n e r a l l y  h i l l y ,  l o c a l l y  q u i t e  

s t e e p ,  w i t h  a  c e n t r a l  nor th - sou th  t r e n d i n g  mounta in  range  t h a t  r i s e s  

a b r u p t l y  above t h e  c o a s t a l  p l a i n .  E l e v a t i o n s  r a n g e  from about 100 m 

n e a r  t h e  c o a s t a l  p l a i n  t o  o v e r  1000 m a t  t h e  t o p s  o f  t h e  h i g h e s t  

mounta in  peaks.  These mounta ins  a r e  composed of u n d i f f e r e n t i a t e d  

g r a n i t i c  rocks  of  T r i a s s i c  age (Gobbett  and Hutch i son ,  1973) .  To t h e  

e a s t ,  Permian v o l c a n i c  r o c k s  o f  a n d c s i t i c  t o  r h y o l i t i c  composi t ion a r e  

i n t r u d e d  by t h e  g r a n i t e .  I n  t h e  e a s t  and n o r t h ,  Ju rass ic -Cre taceous  

s a n d s t o n e s  o f  t h e  Tebak f o r m a t i o n  unconformably o v e r l i e  t h e  o l d e r  

g r a n i t i c  r o c k s ,  forming d i s t i n c t i v e  p l a t e a u s  and escarpments  (Bur ton ,  
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I1J73) .  The region 's  s o i l s  a r e  q u i t e  v a r i a b l e  depending on t h e  

u n d e r l y i n g  porcn t  m a t e r i a l ,  bu t  o r e  g e n e r a l l y  of  poor q u a l i t y  

(Smallwood, 1966) .  Red and ye l low l a t o s o l s  and p o d z o l i c  s o i l s  d e r i v e d  

from a c i d  igneous  rocks  cover  most of the  a r e a .  L a t o s o l s  and p o d z o l i c  

s o i l s  d e r i v e d  from sed imenta ry  rocks  a r e  found f a r t h e r  t o  t h e  e a s t  

(Smallwood, 1966) .  

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

p r o x i m i t y  t o  t h e  e q u a t o r  and warm oceans .  Atmospher ic  c o n d i t i o n s  a r e  

un i fo rmly  warm and humid th roughout  the  r e g i o n ,  w i t h  a  mean annua l  

t e m p e r a t u r e  of 27' C and mean a n n u a l  r e l a t i v e  humid i ty  of 85% i n  lowland 

a r e a s  (Da le ,  1963) .  R a i n f a l l  i s  heavy th roughout  t h e  y e a r  w i t h  l i t t l e  

s e a s o n a l  v a r i a t i o n ,  excep t  f o r  s l i g h t  i n c r e a s e s  d u r i n g  t h e  

June-to-August and October-to-December monsoon p e r i o d s .  Annual mean 

r a i n f a l l  v a r i e s  a c r o s s  t h e  r e g i o n  depending on d i s t a n c e  from t h e  s e a ,  

r a n g i n g  from a  low o f  2000 mm a t  t h e  i n t e r i o r  town of  Segamat t o  a  h i g h  

o f  3300 mm a t  t h e  c o a s t a l  town of  blersing (Da le ,  1959) .  

The n a t u r a l  v e g e t a t i o n  of t h e  Endau-Rompin r e g i o n  i s  t r o p i c a l  

e v e r g r e e n  r a i n  f o r e s t  of  t h e  InJo-Malayan f o r m a t i o n  ( R i c h a r d s ,  1952) .  

These f o r e s t s  a r e  t h e  most l u x u r i a n t  of a l l  p l a n t  communities and a r e  

c h a r a c t e r i z e d  by numerous l a r g e  e v e r g r e e n ,  b road- lea fed  t r e e s  dominated 

by t h e  fami ly  Dip te roca rpaceae  (whitmore,  1975) .  Many problems e x i s t  i n  

t h e  c l a s s i f i c a t i o n  of  t h e s e  f o r e s t s  (Poore ,  19631, b u t  they  can be 

grouped i n t o  s e v e r a l  g e n e r a l  f o r e s t s  types  (Wyatt-Smith, 1964; F o r e s t  

Department,  1977) .  The m a j o r i t y  of  t h e  Endau-Rompin r e g i o n  i s  covered 

w i t h  mixed lowland d i p t e r o c a r p  f o r e s t  w i t h  h i l l  d i p t e r o c a r p  f o r e s t  on 



t h e  r i d g e s  and a t  e l e v a t i o n s  above 300 m.  According t o  Gyekis (1966) ,  a  

l a r g e  p o r t i o n  of t h e  w e s t e r n  mountainous a r e a  c o n t a i n s  f o r e s t s  of t h e  

merant i -ke ru ing  mixed h i l l  type  wi th  se raya-kcru ing  r i d g e  f o r e s t  

p r e d o n ~ i n a t i n g  on t h e  r i d g e s  and w e l l  d r a i n e d  s i t e s .  I n  t h e  n o r t h  and 

e a s t ,  t h e  f o r e s t s  a r e  v a r i a b l e ,  conposed p r i m a r i l y  of ednptiic h i l l  

f o r e s t ,  some s e r a y a  h i l l  f o r e s t ,  and l ives tonea-kela t -kedendong f o r e s t  

(Lee,  1966) .  

Census Area 

P r e l i m i n a r y  s t u d y  r e s u l t s  i n d i c a t e d  t h a t  r h i n o  d e n s i t y  i n  t h e  

Endau-Rompin r e g i o n  was q u i t e  v a r i a b l e ,  w i t h  d e n s i t y  much h i g h e r  i n  t h e  

s o u t h e r n  s e c t i o n .  A p o r t i o n  of t h i s  h i g h - d e n s i t y  a r e a  was s e l e c t e d  f o r  

i n t e n s i v e  census  work. The census  s tudy a r e a  c o n t a i n e d  about 400 km2 

w i t h i n  t h e  upper wa te r sheds  of  t h e  Juaseh ,  Kemidak, Tenang, S e l a i ,  

Segamat, Endau, Pukin,  and Jemai  r i v e r s  ( F i g .  2 ) .  The ba lance  of  t h e  

r e g i o n  w i l l  be r e f e r e d  t o  a s  t h e  low-density a r e a .  The census  a r e a  was 

mos t ly  covered w i t h  p r imary  t r o p i c a l  r a i n  f o r e s t  (902) wi th  smal l  a r e a s  

covered  by logged f o r e s t  ( 5x1 ,  mixed o r c h a r d  ( 3 % ) ,  and a g r i c u l t u r a l  

c r o p s  ( 2 % ) .  

NETHODS AND PROCE1)URES 

F i e l d  Methods 

General  su rvey .  The d i s t r i b u t i o n  of  Sumatran r h i n o s  i n  t h e  



F i g .  2. Pfnp of t h c  ccrlsus s t u d y  a r e a  t rh ich  is 1oc ; i t ed  i n  t l ~ c  lCnd;i~l- 
Ilomp i 11 r c g  l o n  of s o ~ ~ l l l c r r ~  P c n  L I I S I I  l a r  Mn l nys i;r . 'I'l~c ~ C . I I : ; I I : ;  srlrvcy rorr t 
arc i n d i c ; ~ t e d  by  d o t t e d  l i n e s ,  w i t h  t h e  s t n r t i r l g  p o i n l s  nlnrked bv a r r o w s .  



Endau-Rompin r e g i o n  was i n v e s t i g a t e d  by a  g e n e r a l  su rvey  conducted 

d u r i n g  January  1975 t o  January  1978, January 1979 t o  June 1979, and J u l y  

1980 t o  May 1981. I n i t i a l l y ,  people  l i v i n g  o r  working i n  t h e  r e g i o n ,  

e s p e c i a l l y  v i l l a g e r s  a t  Kampung J u a s e h ,  Kampung Tenang, Kampung Segamat, 

and Kampung P e t a ,  were i n t e r v i e w e d  t o  g a t h e r  i n f o r m a t i o n  on p l a c e s  where 

r h i n o  s i g n  ( t r a c k s ,  wal lows,  o r  evidence of  f e e d i n g )  had been obse rved .  

These r e p o r t s  were e v a l u a t e d  f o r  r e l i a b i l i t y  and most were checked by 

f i e l d  s u r v e y s ,  b u t  a  l a c k  o f  t ime  p reven ted  rue from v e r i f y i n g  a l l  

r e p o r t s .  A survey team, c o n s i s t i n g  of  DWNP r a n g e r s ,  l o c a l  g u i d e s ,  and 

o u r s e l v e s ,  sea rched  p o t e n t i a l  r h i n o  a r e a s  f o r  s i g n .  Each f i e l d  survey 

l a s t e d  f o r  about  10 days  and 80 t o  100 km were t r a v e l l e d  on f o o t .  

U s u a l l y ,  survey r o u t e s  fo l lowed  s m a l l  s t r eams  because  r h i n o  s i g n  was 

e a s i e s t  t o  o b s e r v e  t h e r e .  The o b s e r v a t i o n  of s i g n  confirmed t h e  

p r e s e n c e  of r h i n o s  i n  a n  a r e a  and provided a  rough i n d i c a t i o n  of  

p o p u l a t i o n  d e n s i t y .  

I c o n c e n t r a t e d  my survey  e f f o r t s  i n  a r e a s  where r h i n o  s i g n  had 

been r e p o r t e d  f r e q u e n t l y .  Thus,  t h e  g e n e r a l  r h i n o  su rvey  was s t a r t e d  i n  

t h e  Juaseh-Segamat-Selai a r e a .  Adjacent  wa te r sheds  were sea rched  

s y s t e m a t i c a l l y  u n t i l  most s e c t i o n s  of  t h e  r e g i o n  had been surveyed.  The 

f i e l d  su rveys  were t ime consuming, so a l l  a r e a s  were not  covered.  

The l o c a t i o n s  of a l l  r h i n o  s i g n  obse rved  were p l o t t e d  on 

t o p o g r a p h i c  maps and recorded  a s  map g r i d  c o o r d i n a t e s .  A t  each t r a c k  

o b s e r v a t i o n ,  t h e  t r a c k s  were fo l lowed  u n t i l  s e v e r a l  c l e a r  p r i n t s  of t h e  

animal ' s  h i n d f o o t  could  be r e c o r d e d .  A t  each t r a c k ,  t h e  maximum width  

between t h e  l a t e r a l  t o e n a i l s  and t h e  width of t h e  midd le  t o e n a i l  were 



measured t o  t h e  n c a r e s t  n ~ i l l i m e t e r  wi th  a  s t e e l  t a p e  and c a l i p e r s  ( ~ l y n n  

1978) .  The  nluximum width of t h e  rl~irldle t o c n n i l  W U H  u n e f u l  i n  

d i f f e r e n t i a t i n g  between r h i n o  and Malayan t a p i r  ( ~ a p i r u s  i n d i c u s )  

t r a c k s ,  wi th  r h i n o  t r a c k s  hav ing  a  wider t o e n a i l .  U s u a l l y ,  only  t r a c k s  

made by t h e  h i n d f e e t  were recorded  because t h e  r h i n o s  f r e q u e n t l y  p laced  

t h e i r  h i n d f e e t  on t o p  of  t h e  f o r e f o o t  p r i n t s .  An a t t e m p t  was made t o  

f o l l o w  a  s e t  of  t r a c k s  u n t i l  a t  l e a s t  10 c l e a r  p r i n t s  made by t h e  animal  

walking o n  f l a t ,  f i r m  ground cou ld  be measured. The t o t a l  number of  

t r a c k s  t h a t  were measured a t  each o b s e r v a t i o n  v a r i e d  depending on 

wea the r  c o n d i t i o n s  and t ime  a v a i l a b i l i t y .  Also ,  t h e  topography and s o i l  

c o n d i t i o n s  were r e c o r d e d  a t  each t r a c k  o b s e r v a t i o n .  

Census su rveys ,  The number of r h i n o s  o c c u r r i n g  i n  t h e  

h i g h - d e n s i t y  census  a r e a  was e s t i m a t e d  u s i n g  methods s i m i l a r  t o  t h o s e  

developed by Schcnkel  and Schenke l -Hul l ige r  (1969) f o r  census ing  t h e  

Javan  r h i n o  (Rhinoceros  s o n d i c u s )  i n  Udjung Kulon Reserve ,  Indones ia .  

Rhinos o c c u r r i n g  w i t h i n  t h e  400 km2 s t u d y  a r e a  were censused by 5 survey 

teams t h a t  walked s imul tnneous ly  a c r o s s  t h e  s t u d y  a r e a  a long  permanent 

t r a n s e c t  r o u t e s  d u r i n g  a p e r i o d  of 4 t o  5 days .  A su rvey  team u s u a l l y  

c o n s i s t e d  of  a DWNP o f f i c e r  a s  team l e a d e r ,  3 DWNP r a n g e r s ,  and l o c a l  

g u i d e s .  Each survey team recorded  t h e  l o c a t i o n ,  age ,  and s i z e  of a l l  

r h i n o  t r a c k s  encoun te red  a l o n g  t h e i r  r o u t e .  A f t e r  each census  su rvey  

was completed,  t h e  i n f o r m a t i o n  from each team was e v a l u a t e d  f o r  accuracy 

and r e l i a b i l i t y .  A l l  i ncomple te  o r  q u e s t i o n a b l e  d a t a  were e l i m i n a t e d  

from f u r t h e r  a n a l y s i s .  Census su rveys  were conducted i n  March 1977, May 

1977, March 1979,  and September 1980. 
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The r o u t e s  s e l e c t e d  f o r  t h e  census  s u r v e y s  were e s t a b l i s h e d  

a l o n g  s m a l l  s t r eams  t h a t  f low roughly  p a r a l l e l  e a s t  t o  west a c r o s s  the 

s t u d y  a r e a  ( F i g .  2 ) .  My i n i t i a l  surveys  showed t h a t  r h i n o  t r a c k s  were 

found most o f t e n  a long  sninll  s t r e a m s  because t h e  an imals  use s t r eam 

bot tom h a b i t a t  f r e q u e n t l y  (F lynn ,  i n  prep.)  and t h e i r  t r a c k s  were more 

n o t i c e a b l e  i n  s o f t  s o i l .  O f t e n ,  t h e s e  s t r e a m s  p r o v i d e  t h e  on ly  

a v a i l a b l e  r o u t e  f o r  f o o t  t r a v e l  through t h e  f o r e s t .  A lso ,  s t r eams  can 

be  found a t  a  l a t t e r  d a t e ,  so  t h e  same r o u t e  can  be  r e p e a t e d .  

F o r t u n a t e l y ,  most of  t h e  s t r e a m s  i n  the  s tudy  a r e a  f low roughly  p a r a l l e l  

e a s t  o r  west  from a  c e n t r a l  nor th - sou th  mounta in  range .  A l l  r o u t e s  

began a t  t h e  wes te rn  edge of  t h e  s t u d y  a r e a  a t  p o i n t s  a c c e s s i b l e  by 

r o a d .  The r o u t e s  proceeded e a s t  a long  t h e  s t r e a m s  t o  t h e  top of t h e  

mounta in  r i d g e ,  then  down t h e  o p p o s i t e  d r a i n a g e  t o  t h e  boundary of  t h e  

s t u d y  a r e a .  Each major t r i b u t a r y  of  t h e  main s t r e a m  was a l s o  surveyed 

t o  p r o v i d e  more complete coverage.  The d i s t a n c e  between a d j a c e n t  r o u t e s  

ranged between 1 and 6 km and r o u t e  l e n g t h s  v a r i e d  between 25 and 45 km 

( X = 3 4  km).  

S t a t i s t i c a l  P rocedures  

Data c o l l e c t e d  d u r i n g  t h i s  s tudy were ana lyzed  on t h e  

DECSYSTEH-2050 computer sys tem a v a i l a b l e  a t  t h e  U n i v e r s i t y  of Motana 

Computer Cen te r .  The S t a t i s t i c a l  Package f o r  t h e  S o c i a l  Sc iences  (SPSS) 

(Nie  e t a l .  1975) computer programs were used f o r  a l l  of  t h e  s t a t i s t i c a l  

a n a l y s e s ,  u n l e s s  no ted  o t h e r w i s e .  Tlie s t a t i s t i c a l  c h a r a c t e r i s t i c s  of  a  

s e r i e s  of  t r a c k  measurements were i n v e s t i g a t e d  by computing d e s c r i p t i v e  

s t a t i s t i c s  (mean, median,  r a n g e ,  and skewness) and f requency  h i s tograms .  



Skewed t r a c k  f requency d i s t r i b u t i o n s  were compared t o  a  normal 

d i s t r i b u t i o n  by t h e  Kolmogorov-Sn~irnov one-sample goodness -o f - f i t  t e s t  

u s i n g  pa ramete r s  e s t i m a t e d  from t h e  d a t a .  The s i g n  t e s t  was used t o  

examine whether a  s i g n i f i c a n t  number of t r a c k  d i s t r i b u t i o n s  were skewed 

i n  a  p a r t i c u l a r  d i r e c t i o n .  A 95% conf idence  i n t e r v a l  f o r  t h e  median was 

c o n s t r u c t e d  f o r  each t r a c k  s e r i e s  (Campbell,  1967) .  Track measurement 

d i s t r i b u t i o n s  made by t h e  l e f t  and r i g h t  f e e t  o f  t h e  same animal  were 

compared u s i n g  t h e  Mann-Whitney two-sample r a n k  sum t e s t .  Th i s  same 

t e s t  was used t o  compare 2 t r a c k  s e r i e s  of  t h e  same animal  made i n  s o f t  

and f i r m  s o i l .  

The t r a c k  d a t a  c o l l e c t e d  dur ing  each census  survey were 

a n a l y z e d  t o  de te rmine  t h e  minimum number of  an imals  o c c u r r i n g  on t h e  

s t u d y  a r e a  d u r i n g  t h e  census  p e r i o d .  In  t h i s  a n a l y s i s ,  a l l  t r a c k  

o b s e r v a t i o n s  of  t h e  same age t h a t  were l o c a t e d  f a r t h e r  than  8 km a p a r t  

were c o n s i d e r e d  d i f f e r e n t  an imals .  The assumpt ion  was t h a t  r h i n o s  

u s u a l l y  do n o t  t r a v e l  more t h a n  8 km i n  s t r a i g h t  l i n e  d i s t a n c e  d u r i n g  a  

24-hour ~ e r i o d ,  e s p e c i a l l y  o v e r  a  mountain r i d g e  i n t o  a n o t h e r  watershed.  

Other  i n f o r m a t i o n ,  such a s  whether  t h e  animal  had s p e n t  a  l a r g e  amount 

o f  t ime  i n  a  p a r t i c u l a r  a r e a ,  was used i n  t h e  e v a l u a t i o n  of t h e  d i s t a n c e  

between t r a c k s  o f  t h e  same s i z e .  Also ,  r e c o g n i z a b l e  cowfcal f  p a i r s  were 

used a s  c r i t e r i a  t o  i d e n t i f y  i n d i v i d u a l  r h i n o s .  P rev ious  work ( ~ l y n n ,  

u n p u b l i s h e d )  i n d i c a t e d  t h a t  a  young r h i n o  t r a v e l s  w i t h  i t s  mother u n t i l  

t h e  c a l f ' s  median t r a c k  width  r e a c h e s  about 17.0 cm. Thus, i f  a  t r a c k  

s e r i e s  w i t h  a  median wid th  measurement of l e s s  t h a n  17.0 was p a i r e d  w i t h  

a  t r a c k  w i t h  a  median wid th  s i z e  g r e a t e r  t h a n  19.0 cm, a  cowfcal f  p a i r  
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was presumed. 

The remainder  of  t h e  t r a c k  s e r i e s  r ecorded  d u r i n g  a  census  

p e r i o d  were t r e a t e d  a s  independent  o b s e r v a t i o n s .  The Kruskal-Wal l is  

(K-W) one-way a n a l y s i s  o f  v a r i a n c e  (ANOVA) by r a n k s  was used t o  t e s t  

whether  t h e s e  o b s e r v a t i o n s  a l l  came from d i s t r i b u t i o n s  w i t h  t h e  same 

l o c a t i o n .  I f  t h i s  n u l l  h y p o t h e s i s  was r e j e c t e d ,  s imul taneous  conf idence  

i n t e r v a l s  f o r  t h e  d i f f e r e n c e  between medians were c a l c u l a t e d  a c c o r d i n g  

t o  a  method by Campbell (1967) .  I f  t h e  c o n f i d e n c e  i n t e r v a l s  f o r  t h e  

d i f f e r e n c e  bet,ween t h e  medians o f  a  p a i r  of  o b s e r v a t i o n s  d i d  no t  i n c l u d e  

z e r o ,  then  I concluded t h a t  t h e  t r a c k  d i s t r i b u t i o n s  had been made by 

d i f f e r e n t  an imals .  Other  m u l t i p l e  comparison p rocedures  were examined 

(Soka l  and Rohl f ,  1969; Gibbons,  19761, b u t  t h e s e  p rocedures  proved t o  

be  l e s s  u s e f u l  because  o f  unequal  sample s i z e s  and t h e  l a r g e  number of  

g roups .  

The d e s c r i b e d  census  method y i e l d e d  a  minimum count of  t h e  

number of  r h i n o s  w i t h i n  t h e  s t u d y  a r e a  d u r i n g  a  g i v e n  pe r iod .  The 

d e t e c t i o n  of a l l  r h i n o s  w i t h i n  t h e  s tudy a r e a  by walking t h e  5  census  

r o u t e s  was u n l i k e l y .  The su rveys  were assumed t o  d e t e c t  a l l  r h i n o s  

w i t h i n  2 km of  t h e  census  r o u t e s .  Thus, t h e  su rvey  r o u t e s  adequa te ly  

covered abou t  75% of  t h e  e n t i r e  census  s t u d y  a r e a .  The t o t a l  number of  

r h i n o s  w i t h i n  t h e  s t u d y  a r e a  d u r i n g  t h e  census  p e r i o d  was e s t i m a t e d  by 

i n c r e a s i n g  t h e  minimum count  by 25%. 

The number of  young r h i n o s  i n  t h e  p o p u l a t i o n  was determined 

u s i n g  t r a c k  s i z e  c r i t e r i a .  A 1 1  an imals  w i t h  a  median t r a c k  width  of 

l e s s  t h a n  17.0 cm were c o n s i d e r e d  dependent young, probably  l e s s  t h a n  
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2.5 y e a r s  of age. A l l  o t h e r  an imals  were assumed t o  be e i t h e r  

sub-adu l t s  o r  a d u l t s .  I n s u f f i c i e n t  i n f o r m a t i o n  e x i s t e d  t o  f u r t h e r  

s e p a r a t e  animals  i n t o  age  c a t e g o r i e s  based on f o o t  width  measurements. 

RESULTS 

C h a r a c t e r i s t i c s  of  Track Pieasurements. 

The a n a l y s e s  p r e s e n t e d  i n  t h i s  paper  a r e  based on t h e  

o b s e r v a t i o n  of 110 s e t s  o f  r h i n o  t r a c k s .  The number of t r a c k s  measured 

f o r  each  o b s e r v a t i o n  v a r i e d  from 1 t o  30 ( Z = l l ) .  E a r l y  i n  t h i s  s t u d y ,  

o n l y  t h e  median width  of a  t r a c k  s e r i e s  was r e c o r d e d  because  t h e  u t i l i t y  

o f  r e c o r d i n g  a l l  of t h e  t r a c k  measurements of  a  s e r i e s  had no t  y e t  been 

r e a l i z e d .  Thus, m u l t i p l e  samples were r e c o r d e d  f o r  73 of t h e  t r a c k  

o b s e r v a t i o n s .  For a l l  t r a c k  o b s e r v a t i o n s ,  t h e  maximum width  measurement 

between t h e  l a t e r a l  t o e s  of  t h e  h i n d f e e t  v a r i e d  f rom 15.0 t o  22.5 cm, 

t h e  wid th  of t h e  h i n d f o o t  f r o n t  t o e  v a r i e d  f rom 5.5 t o  9.0 cm, t h e  width  

o f  t h e  f o r e f o o t  v a r i e d  from 18.5 t o  23.0 cm, and t h e  width  of t h e  f r o n t  

t o e  of  t h e  f o r e f o o t  v a r i e d  from 6.0 t o  9.5 cm. The f o r e f o o t  t r a c k  was 

a lways  wider  t h a n  t h e  h i n d f o o t  t r a c k  f o r  a l l  an imals  w i t h  a  mean 

d i f f e r e n c e  of 1 . 5  cm. Because a c c u r a t e  measurements of  t h e  f o r e f e e t  

were d i f f i c u l t  t o  o b t a i n ,  o n l y  measurements o f  t h e  width  of t h e  h i n d f e e t  

were used i n  t h e  r e s t  of  t h e  a n a l y s e s .  The t r a c k  d i s t r i b u t i o n s  made by 

t h e  r i g h t  and l e f t  f e e t  o f  t h e  same animal were found t o  be s i m i l a r  f o r  

3 s e t s  o f  o b s e r v a t i o n e  (hiann-Whitney rank  sums t e s t ,  p>0.8, 0.75,  0.9).  



Thus,  measurements of  t r a c k s  made by both  f e e t  o f  an  animal  were pooled 

f o r  each o b s e r v a t i o n .  

The range  of i n d i v i d u a l  t r a c k  measurements of  a  s e r i e s  v a r i e d  

f rom 0  t o  2.5 cm (Z=0.6 cm, n=73) wi th  t h e  v a r i a b i l i t y  of  t h e  t e r r a i n  

c o n t r i b u t i n g  t h e  most t o  t h e  magnitude of  t h e  range.  Graphed h i s tograms  

o f  t r a c k  measurements i n d i c a t e d  t h a t  s e v e r a l  t r a c k  s e r i e s  had skewed 

d i s t r i b u t i o n s .  The skewness c o e f f i c i e n t s  v a r i e d  from -2.1 t o  2 . 2 ,  but  

t h e  sample s i z e s  were too s m a l l  t o  t e s t  t h e  skewness c o e f f i c i e n t s  f o r  

s i g n i f i c a n c e  ( O t t ,  1977) .  A l l  t r a c k  d i s t r i b u t i o n s  w i t h  skewness 

c o e f f i c i e n t s  g r e a t e r  than  1.0 were compared t o  a  normal d i s t r i b u t i o n  

u s i n g  pa ramete r s  e s t i m a t e d  from t h e  d a t a .  None of t h e  d i s t r i b u t i o n s  

w i t h  h i g h  skewness c o e f f i c i e n t s  were found t o  d i f f e r  s i g n i f i c a n t l y  from 

a  normal d i s t r i b u t i o n  (Kolmogorov-Smirnov one-sample t e s t ,  0.075<p<0.9). 

A l s o ,  a n  a n a l y s i s  o f  t h e  s i g n s  of  t h e  skewness c o e f f i c i e n t s  found t h a t  

t h e  t r a c k  d i s t r i b u t i o n s  were no t  s i g n i f i c a n t l y  skewed i n  a  p a r t i c u l a r  

d i r e c t i o n  ( s i g n  t e s t ,  p>0.45) (Campbell,  1967) .  The skewness 

c o e f f i c i e n t s  of  t r a c k  measurement d i s t r i b u t i o n s  made by animals  walking 

on f l a t  t e r r a i n  were c o n s i s t e n t l y  low. I n  t r a c k  s e r i e s  of  animals  

wa lk ing  u p h i l l ,  t h e  t r a c k  measurement d i s t r i b u t i o n s  t ended  t o  be skewed 

t o  t h e  r i g h t .  Likewise ,  an imals  walking downhi l l  tended t o  produce 

d i s t r i b u t i o n s  skewed t o  t h e  l e f t .  A l l  t r a c k  o b s e r v a t i o n s  w i t h  sample 

s i z e s  g r e a t e r  than  10  had low skewness c o e f f i c i e n t s  ( ~ = 0 . 5 0 ,  n=44).  The 

d a t a  i n d i c a t e d  t h a t  t r a c k  measurements of  r h i n o s  wa lk ing  on f l a t  ground 

w i t h  sample s i z e s  g r e a t e r  than  10  were approx imate ly  normally 

d i s t r i b u t e d .  



For 1 s e t  of t r a c k s ,  e l l i f - ic ier l t  d a t a  were a v a i l a b l e  t o  t e s t  

t h c  e f f e c t  of s o i l  type  on t r a c k  s i z e .  A rh ino ' s  t r a c k s  made i n  s o i t ,  

muddy s o i l  were found t o  be s i g n i f i c a n t l y  l a r g e r  than  t r a c k s  made i n  

f i r m  ground ( ~ a n n - ~ h i t n e y  r a n k  sums t e s t ,  ~ ( 0 . 0 5 ) .  A 95% conf idence  f o r  

t h e  d i f f e r e n c e  i n  t h e  medians was found t o  be  2< x,,<4 m. Thus,  s o f t  

s o i l  c o n d i t i o n s  may r e s u l t  i n  a  s h i f t  t o  t h e  r i g h t  of t h e  median by 2 t o  

4 mm. 

D i s t r i b u t i o z  

The t r a c k s  o f  Sumatran r h i n o s  were obse rved  110 t imes  i n  t h e  

Endau-Kompin r e g i o n  d u r i n g  50 ground s u r v e y s .  I s p e n t  over  300 days  i n  

t h e  f i e l d  and walked a n  e s t i m a t e d  2750 km th rough  t h e  f o r e s t .  These 

s u r v e y s  were c e n t e r e d  i n  t h e  census  s tudy  a r e a  w i t h  t h e  upper Tenang, 

S e l a i ,  Endau, Segamat, J u a s e h ,  and Kemidak w a t e r s h e d s  each surveyed 5 o r  

more t imes .  The lower Endau River  a r e a  and t h e  upper Kemapan, Jemai ,  

Pukin, and J e k a t i h  wa te r sheds  were each surveyed 2 t o  4 t i m e s ,  and t h e  

upper  Sek in ,  Kinchin ,  Enas, and J a s i n  wa te r sheds  were surveyed once. . 

A d d i t i o n a l  i n f o r m a t i o n  on t h e  p resence  of  r h i n o s  a l o n g  t h e  lower 

Semberong, Emas, and Endau r i v e r s  was c o l l e c t e d  from v i l l a g e r s  l i v i n g  

t h e r e .  

Rhino s i g n  was found throughout  t h e  Endau-Ronpin r e g i o n ,  

inc lud i t lg  most of  t h e  remaining con t iguous  p r imary  f o r e s t  h a b i t a t ,  about 

1600 km2 ( ~ i g .  3 ) .  H a b i t a t  t y p e ,  land-uoe p a t t e r n s ,  and llunon 

d i s t u r b a n c e  were found t o  be t h e  major f a c t o r s  r e s t r i c t i n g  r h i n o  

d i s t r i b u t i o n .  The r h i n o s  used most of  t h e  remain ing  con t iguous  pr imary 
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f o r e s t  h a b i t a t ,  b u t  they  seldom mvved i n t o  a d j a c e n t  a g r i c u l t u r a l  a r e a s  

o r  logged f o r e s t .  I n  g e n e r a l ,  r h i n o  s i g n  was n o t  found more than  0.6 km 

from t h e  primary f o r e s t  f r i n g e ,  and r h i n o s  appeared  t o  avoid  a r e a s  o f  

h i g h  human-use. 

Rhino d i s t r i b u t i o n  was w e l l  documented i n  t h e  s o u t h e r n  and 

w e s t e r n  p o r t i o n s  o f  t h e  r e g i o n .  Rhino s i g n  was found d u r i n g  each t r i p  

i n t o  t h e  upper wa te r sheds  of  t h e  Juaseh ,  Tenang, Segamat, Kemidak, and 

S e l a i  r i v e r s .  Most o b s e r v a t i o n s  o f  r h i n o  s i g n  were a  c o n s i d e r a b l e  

d i s t a n c e  (Z=lO km, n=110) w i t h i n  t h e  pr imary f o r e s t  from t h e  f r i n g e ,  

e s p e c i a l l y  away from a r e a s  w i t h  h igh human use .  F requen t ly  , v i l l a g e r s  

from Kampung Juaseh and Tenang walked 4 t o  6 km i n t o  t h e  primary f o r e s t  

a l o n g  t h e  w e s t e r n  boundary.  T h i s  human d i s t u r b a n c e  appeared  s u f f i c i e n t  

t o  r educe  r h i n o  use  of  t h e  f o r e s t  f r i n g e .  A l s o ,  h u n t i n g  p r e s s u r e s  

probably  have s e l e c t e d  a g a i n s t  animals  u s i n g  a c c e s s i b l e  a r e a s .  Rhino 

s i g n  was seldom found i n  logged a r e a s  a l o n g  t h e  Endau River  o r  i n  t h e  

Segamat, Pukin,  Chapau, and Jemai  wa te r sheds .  Repeated su rveys  of  t h e  

Pukin-Jemai a r e a  documented changes i n  r h i n o  d i s t r i b u t i o n  r e s u l t i n g  from 

l o g g i n g  a c t i v i t y  (E'lynn, 1978) .  Af t e r  logg ing  began i n  1977,  r h i n o  s i g n  

was no l o n g e r  found where i t  had been obse rved  p r e v i o u s l y .  Surveys i n  

1979 and 1980 d i d  no t  r e c o r d  r h i n o  s i g n  w i t h i n  logged a r e a s ,  except  

w i t h i n  0.6 kn~ of t h e  pr imary f o r e s t  f r i n g e .  

A s i m i l a r  p a t t e r n  of  land development was observed i n  t h e  

s o u t h e r n  s e c t i o n s .  Logging h a s  advanced r a p i d l y  a l o n g  t h e  Bekok, S e l a i ,  

Emas, and Kemidak r i v e r s  from t h e  south .  I n  1981,  a  new road was 

completed t o  Kampung S e l a i  a l o n g  t h e  lower S e l a i  R i v e r ,  g r e a t l y  



improving human a c c e s s  t o  t h i s  important  r h i n o  a r e a .  A l l  l ands  sou th  of 

t h e  proposed Endau-Rompin N a t i o n a l  Park boundar ies  have been conunitted 

t o  t imber  c o n c e s s i o n s .  

I n t e r v i e w s  w i t h  v i l l a g e r s  l i v i n g  a l o n g  t h e  lower Sen~berong,  

Emas, and Endau r i v e r s  i n d i c a t e d  t h a t  r h i n o s  were no longer  found t h e r e .  

S t e v e n s  (1968) r e p o r t e d  f i n d i n g  r h i n o  s i g n  th roughout  t h i s  a r e a .  Now, 

most of  t h e  l and  s o u t h  and e a s t  of t h e  E111as River  has  been c l e a r e d  f o r  

a g r i c u l t u r a l  c r o p s ,  and t h e  En~as watershed h a s  been logged e x t e n s i v e l y .  

F a r t h e r  t o  t h e  e a s t  a l o n g  t h e  Endau River n e a r  Tanah Abang, v i l l a g e r s  

r e p o r t e d  t h a t  r h i n o s  were no longer  found anywhere a long  t h e  lower 

Endau. Apparen t ly ,  heavy poaching and l o g g i n g  d u r i n g  t h e  1960's 

e l i m i n a t e d  t h e s e  an imals .  

The p r e s e n t  d i s t r i b u t i o n  of  r h i n o s  i n  t h e  n o r t h e r n  s e c t i o n s  of  

t h e  r e g i o n  was not  well-documented because fewer  su rveys  were conducted 

t h e r e  and s i g n  was e n c o u n t e r e d  l e s s  f r e q u e n t l y .  However, my surveys  

r e c o r d e d  r h i n o  s i g n  i n  t h e  upper  J e k a t i h ,  S e k i n ,  and Kinchin  wa te r sheds  

and e s t a b l i s h e d  t h a t  r h i n o s  o c c u r r e d  throughout  t h a t  a r e a .  V i l l a g e r s  

l i v i n g  a l o n g  t h e  J e k a t i h  River  r e p o r t e d  t h a t  r h i n o s  were once found 

th roughout  t h e  e n t i r e  r e g i o n ,  but  now they  were r e s t r i c t e d  t o  t h e  upper 

p o r t i o n s  of  unlogged wa te r sheds .  Much of  t h e  l a n d  w i t h i n  t h e  lower 

J e k a t i h  and Sekin  b a s i n s  h a s  a l r e a d y  been c l e a r e d  f o r  a g r i c u l t u r a l  

development;  t h e  remainder  h a s  been committed t o  t imber  c o n c e s s i o n s ,  

p r i m a r i l y  t o  Lesong Tilrlber  product^ (50,000 h a ) .  T h i s  land e x p l o i t a t i o n  

h a s  r e s u l t e d  i n  a  patched p a t t e r n  of  pr imary f o r e s t ,  logged f o r e s t ,  and 

a g r i c u l t u r a l  l ands .  Many i s l a n d s  of pr imary f o r e s t  w i t h i n  t h e  logged 



f o r e s t  have been c r e a t e d ,  e s p e c i a l l y  i n  h i l l y  a r e a s ,  and t h e  amount of 

a v a i l a b l e  h a b i t a t  h a s  been reduced.  A few an imals  i n  t h e  Sep lap  arid Pos 

wa te r sheds  w i t h i n  t h e  Lesong concess ion  may have  a l r e a d y  been i s o l a t e d  

from t h e  main Endau-Rompin popu la t ion .  

I n  1981, I made a  b r i e f  survey of  t h e  upper Anak Endau and 

P o n t i a n  r i v e r  b a s i n s  n e a r  Gunung Lesong. A v i l l a g e r  r e p o r t e d  

e n c o u n t e r i n g  r h i n o  s i g n  on t h e  e a s t  s l o p e s  of t h i s  mountain d u r i n g  1980. 

I found no ev idence  of  r h i n o s  o c c u r r i n g  e a s t  of  t h e  Endau mounta ins .  My 

d i s c u s s i o n s  w i t h  s e v e r a l  l o g g e r s  i n d i c a t e d  t h a t  t h e y  were not  aware of 

any r h i n o  r e p o r t s  from t h e  r e g i o n .  P r e s e n t l y ,  t h e  lowland f o r e s t  i s  

b e i n g  logged by s e v e r a l  t imber  companies. I doubt  whether any r h i n o s  

now e x i s t  e a s t  o f  t h e  Endau mountain r i d g e .  I f  a few an imals  a r e  

p r e s e n t l y  found t h e r e ,  t h e i r  chances  f o r  s u r v i v a l  a r e  poor because a l l  

of  t h e  h a b i t a t  w i l l  soon be  d e s t r o y e d ,  and t h e  t h r e a t  of poaching i s  

h i g h .  

A few r e p o r t s  o f  r h i n o s  o c c u r r i n g  f a r t h e r  t o  t h e  n o r t h  n e a r  

t h e  Rompin River  were r e c e i v e d  from v i l l a g e r s  l i v i n g  t h e r e ,  but  I was 

u n a b l e  t o  confirm t h e s e  r e p o r t s .  Rhinos may s t i l l  o c c u r  i n  t h e  upper 

wa te r sheds  of  s m a l l  t r i b u t a r i e s  of  t h e  Rompin River  (e .g .  Aur, 

Kera tong) .  However, t h e s e  an imals  a r e  i s o l a t e d  from t h e  main 

Endau-Rompin p o p u l a t i o n  Ly logged f o r e s t  and a g r i c u l t u r a l .  l a n d s ,  and 

t h e i r  chances  f o r  s u r v i v a l  a r e  poor.  
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Census Surveys  -- 

Census L. The f i r s t  census  su rvey  was conducted d u r i n g  18-27 

Plnrch 1977. The 4  su rvey  teams recorded  8 s e t s  of  r e c e n t  r h i n o  t r a c k s  

w i t h i n  t h e  400 km2 s t u d y  a r e a  ( ~ i g .  4 )   able 1 ) .  Track o b s e r v a t i o n s  1 

and 2 ,  found w i t h i n  t h e  upper Kemidak w a t e r s h e d ,  and o b s e r v a t i o n s  5 and 

6 ,  found i n  t h e  upper S e l a i  b a s i n ,  were recogn ized  a s  cowlcalf  p a i r s .  

Track o b s e r v a t i o n s  3 ,  4,  7 ,  and 8 were c o n s i d e r e d  t o  be d i f f e r e n t  

an imals  based on t h e  d i s t a n c e  between i n d i v i d u a l  t r a c k  o b s e r v a t i o n s  

( T a b l e  2 ) .  Thus,  a t  l e a s t  8 d i f f e r e n t  r h i n o s  were recorded on t h e  s tudy  

a r e a  d u r i n g  t h i s  census  p e r i o d .  These a n i m n l s . c o n s i s t e d  of 2  a d u l t  

f emales  (19.5 and 21.0 cm),  2  c a l v e s  (15.0,  17.0 cm), and 4 independent  

sub-adu l t s  o r  a d u l t s  (median t r a c k  width = 1 7 . 5 ,  19.0, 19.2, 22.5 cm). 

Based on i n c r e a s i n g  t h e  minimum count  by 25X, t h e  t o t a l  number of 

an imals  i n  t h e  s t u d y  a r e a  was e s t i m a t e d  a t  1 0 ,  o r  1 rh ino /40  km2. 

Census 2. The second census  was conducted dur ing  20-26 Play 

1977. The 5 survey  teams recorded  7  s e t s  of  f r e s h  r h i n o  t r a c k s  on t h e  

s t u d y  a r e a  d u r i n g  t h i s  census  p e r i o d  (F ig .  5 )  pi able 3 ) .  Track 

o b s e r v a t i o n  9  was c o n s i d e r e d  a s  made by a  unique animal  based on t h e  

d i s t a n c e  between t r a c k  l o c a t i o n s .  Tlie t r a c k  wid th  measurements of  t h e  

remainder  of  t h e  o b s e r v a t i o n s  were no t  a l l  from t h e  same d i s t r i b u t i o n  

(K-W ANOVA, PC0.01). A m u l t i p l e  comparison of  80% simul taneous  

c o n f i d e n c e  i n t e r v a l s  f o r  Lhe d i f f e r e n c e  i n  median   rack width i n d i c a t e d  

t h a t  t r a c k  o b s e r v a t i o n s  9 ,  1 0 ,  11,  1 3 ,  14, and 15 were s i g n i f i c a n t l y  

d i f f e r e n t ,  but  no d i f f e r e n c e  was found between o b s e r v a t i o n s  11 and 12  

( T a b l e  4 ) .  Thus,  t h e  t r a c k s  of  6  d i f f e r e n t  r h i n o s  were found on t h e  





T a b l e  l .  Sumatran r h i n o  t r a c k  o b s e r v a t i o n s  recorded  d u r i n g  Censue L 
which was conducted from 1 8  t o  27 March 1977. 

O b s e r v a t i o n  number Sample s i z e  Track width" 95% U'-J 

a Median t r a c k  wid th .  

A 95% c o n f i d e n c e  i n t e r v a l  f o r  t h e  median t r a c k  wid th .  

T a b l e  2. M u l t i p l e  comparison o f  t r a c k  o b s e r v a t i o n s  recorded  d u r i n g  
Census I .  

Track  o b s e r v a t i o n  8 7 4 

S  = Track o b s e r v a t i o n  p a i r  s i g n i f i c a n t l y  d i f f e r e n t  based on t h e  
comparison of  s imul taneous  c o n f i d e n c e  i n t e r v a l s  f o r  t h e  d i f f e r e n c e  i n  
median t r a c k  width .  

N = Median t r a c k  width  of t h e  t r a c k  o b s e r v a t i o n  p a i r  not  s i g n i f i c a n t l y  
d i f f e r e n t .  

D = Track o b s e r v a t i o n  p a i r  s e p a r a t e d  based on t h e  l i n e a r  d i s t a n c e  
between t r a c k  o b s e r v a t i o n s  ( g r e a t e r  than 8 km).  
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F i g .  5. Loca t ions  of Sumatran r h i n o  t r a c k  o b s e r v a t i o n s  recorded  on t h e  
census s t u d y  area during Census I1 which was conducted from 20 to 26 
?lay 1977.  
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Tab le  3 .  Sr~niatran r h i n o  t r a c k  o b s e r v a t i o n s  recorded  dur ing  Census 11 
which was conducted from 20 t o  26 Play 1977. 

Observa t ion  number Sample s i z e  Track width  95% C 1  

pp ~- -~ 

Key: see Table  1. 

T a b l e  4 .  M u l t i p l e  comparison of Sumatran r h i n o  t r a c k  o b s e r v a t i o n s  
r e c o r d e d  dur ing  Census 11. 

-- 

Track o b s e r v a t i o n  15 1 4  13 12 11 10 

- -  - - - . . . -  ~ ~~ 

Key: See Table  2. 



s t u d y  a r e a  d u r i n g  t h e  census  p e r i o d .  A l l  o f  t h e s e  animal8 were e i t h e r  

sub-adu l t s  o r  a d u l t s  (median t r a c k  wid ths  18.0 ,  18.1 ,  19 .1 ,  19.5,  

19.8 ,  21.0 cm). The t o t a l  number of animals  was e s t i m a t e d  a t  8 ,  o r  1 

an imal /50  km2. 

Census 3. The t h i r d  census  su rvey  was conducted dur ing  18-22 

March 1979. During t h i s  census  p e r i o d ,  t h e  5 s u r v e y  teams recorded  12  

s e t s  ( ~ i g .  6 )  o f  r e c e n t  r h i n o  t r a c k s  (Table  5 ) .  Track o b s e r v a t i o n  26 

was c o n s i d e r e d  a s  made by a  unique animal  based on t h e  d i s t a n c e  among 

t r a c k  o b s e r v a t i o n s .  The t r a c k  width  measurements o f  t h e  remaining t r a c k  

o b s e r v a t i o n s  were no t  a l l  from t h e  same d i s t r i b u t i o n  (K-W ANOVA, 

P<0.01).  S i g n i f i c a n t  d i f f e r e n c e s  were found among o b s e r v a t i o n s  16 ,  1 7 ,  

1 8 ,  1 9 ,  21,  23, and 25, but  no s i g n i f i c a n t  d i f f e r e n c e  was found among 

o b s e r v a t i o n s  1 9 ,  20, and 22 o r  among o b s e r v a t i o n s  24,  25,  and 27  able 

6 ) .  Thus,  t h e  t r a c k s  of  a t  l e a s t  8  sub-adul t  o r  a d u l t  r h i n o s  (median 

t r a c k  width  = 18.0 ,  18.0,  18.4 ,  19.3,  19.4, 19 .8 ,  20.4, 21.8 cm) were 

r e c o r d e d  on t h e  s tudy  a r e a  d u r i n g  t h i s  census  p e r i o d .  By i n c r e a s i n g  t h e  

minimum count by 25%, t h e  t o t a l  number of  r h i n o s  was e s t i m a t e d  a t  1 0 ,  o r  

l animal140 km2. 

Census &. The l a s t  r h i n o  census  was conducted d u r i n g  10-13 

September 1980. The 5  s u r v e y  teams recorded  12  s e t s  o f  f r e s h  t r a c k s  on 

t h e  s t u d y  a r e a  d u r i n g  t h e  census  ( F i g .  7 )  (Tab le  7 ) .  Track o b s e r v a t i o n s  

28 and 38 were made by d i f f e r e n t  an imals ,  based on t h e  d i s t a n c e  between 

t r a c k  l o c a t i o n s .  The t r a c k  wid th  measurements o f  t h e  remainder  of t h e  

o b s e r v a t i o n s  d i d  no t  a l l  come from t h e  same d i s t r i b u t i o n  (K-W ANOVA, 
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I 
CENSUS STUDY AREA 

16-27 Track Locations 

- - S t a t e  Border 
N 

I 5 k m  Town or Village - 
= m =  Road 

Scale A Mountnin 

-- 
b i g .  6. L o c n L i o n s  of Sumntran rhino track observations recorded on 
the ccxnsus study area during Census 1.11 which was conducted from 18 to 
22 l l n r ch  1979.  



T a b l e  5 .  Suna t ran  r h i n o  t r a c k  o b s e r v a t i o n s  recorded  d u r i n g  Census I11 
which was coi~clucted f rom 1 8  t o  22 March 1979. 

Observa t ion  number Sample size Track wid th  95% C1 

Key: s e e  Tab le  l .  

T a b l e  6. M u l t i p l e  comparison of Sumatran r h i n o  t r a c k  o b s e r v a t i o n s  
r e c o r d e d  d u r i n g  Census 111. 

Key: See  Tab le  2. 
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S c a l e  A M o v n l n i n  

Fig. 7. T,ocations of S u m a t r n n  r l l i ~ ~ o  t rack  obsc . rv ;~ t  ion:; r c co rde (1  o n  tlrc 
ccnstl:: s t ~ l d y  area dtrriil[: Census IP which  is c.ondilc.tc.d f roil1 1.0 t o 13  
ScbpL r~nii,c,r I9HO. 
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T a b l e  7 .  Sumatran r h i n o  t r a c k  o b s e r v a t i o n s  r e c o r d e d  d u r i n g  Census IV 
which was conduc ted  f rom 1 0  t o  13 September 1980.  

O b s e r v a t i o n  number Sample s i z e  T r a c k  wid th  95% C 1  

Key: S e e  T a b l e  1. 

T a b l e  8 .  M u l t i p l e  compar ison  o f  Sumatran r h i n o  t r a c k  o b s e r v a t i o n s  
r e c o r d e d  d u r i n g  Census I V .  

T r a c k o b s e r v a t i o n  3 9  3 8  37 36  35  3 4  3 3  32  3 1  3 0  29 

S D S  D N S  S S S  D N 
S D S S D S S n S D 
S  D S  D S  S  S  S  S  
D S  D S S  S S  S  
S  S S  S N S  S 
S  S  S  S  S  N 
S  S  S  S  S  
S  S S  S 
S  D S 
N S  
S 

Key: S e e  T a b l e  2 .  



Page 68 

~ < 0 . 0 0 1 ) .  S i g n i f i c a n t  d i f f e r e n c e s  were found among o b s e r v a t i o ~ l s  30 ,  31 ,  

34 ,  3 8 ,  and 39 (Tab le  8 ) .  No s i g n i f i c a n t  d i f f e r e n c e s  were found between 

t r a c k  p a i r s  28 and 29; 33 and 34;  o r  37 and 39. Thus,  t h e  t r a c k s  of  a t  

l e a s t  8  sub-adul t  o r  a d u l t  r h i n o s  (median t r a c k  w i d t h s  = 18.2, 18.6,  

19 .0 ,  19.4 ,  19.5, 19.5,  19.5 ,  and 20.0 cm) were recorded .  The t o t a l  

number of  an imals  was e s t i m a t e d  a t  10 ,  o r  1 rhino140 km2. 

Numb er S 

The number of r h i n o s  o c c u r r i n g  w i t h i n  t h e  Endau-Rompin r e g i o n  

was c a l c u l a t e d  by combining t h e  number of  an imals  e s t i m a t e d  t o  occur  i n  

t h e  h i g h  and low d e n s i t y  a r e a s .  The number of  r h i n o s  w i t h i n  t h e  400km2 

h igh-dens i ty  census  a r e a  was e s t i m a t e d  a t  1 0 ,  o r  1 animal  p e r  40 km2. 

Rhino d e n s i t y  was much lower o u t s i d e  of t h e  census  a r e a ,  about h a l f .  I 

c o n s e r v a t i v e l y  e s t i m a t e d  r h i n o  d e n s i t y  w i t h i n  t h e  1200 km2 of  

low-densi ty  h a b i t a t  a t  1 animal  p e r  80-120 km2. By m u l t i p l y i n g  t h e  

amount of a v a i l a b l e  h a b i t a t  (1200 km2) by t h e  e s t i m a t e d  average  d e n s i t y  

( 1  animal  p e r  80-120 km2),  t h e  number of  r h i n o s  w i t h i n  t h e  low-density 

a r e a  was e s t i m a t e d  a t  10  t o  15.  Combining t h e s e  e s t i m a t e s  y i e l d e d  a  

t o t a l  number of 20 t o  25 r h i n o s  o c c u r r i n g  i n  t h e  Endau-Rompin r e g i o n .  

Populatio_n C h a r a c t e r i s t  i g  

D11ri.n~ 1975-1981, t h e  Lrncks of  3  young r h i n o s  were recordcd 

i n  t h e  r e g i o n  f o r  an a n n u a l  t o t a l  r e c r u i t m e n t  r a t e  of 0.5 young p e r  

y e a r .  I n  September 1975,  t h e  t r a c k s  of a  cow/cal f  p a i r  were f i r s t  

obse rved  i n  t h e  upper S e l a i  a r e a .  The  t r a c k s  o f  t h i s  p a i r  were 

e n c o u n t e r e d  i n  t h e  Selai-Endau a r e a  d u r i n g  t h e  n e x t  2.5 y e a r s .  The 



March 1977 census  su rvey  recorded  t h e  t r a c k s  o f  t h i s  p a i r  and a  second 

cow/colf  p a i r  i n  t h e  upper Juaseh-Kemidok a r e a .  Beginning i n  February  

1981,  v i l l a g e r s  r e p o r t e d  a  cow/calf  p a i r  i n  the '  upper Juaseh-Kemidak 

wa te r shed .  The p r e s e n c e  of  t h i s  p a i r  was conf i rmed by t r a c k  

o b s e r v a t i o n s  i n  March and June 1981. 

A l l  o t h e r  t r a c k  o b s e r v a t i o n s  were of  independent  sub-adu l t s  o r  

a d u l t s .  I n s u f f i c i e n t  i n f o r m a t i o n  e x i s t e d  t o  f u r t h e r  s e p a r a t e  an imals  

i n t o  age  c l a s s e s  based on t r a c k  s i z e .  I s u s p e c t e d  t h a t  t h e  range  i n  

t r a c k  s i z e  of a d u l t s  was q u i t e  l a r g e .  Track wid th  measurements of known 

a d u l t  females  v a r i e d  f rom 19 .5  t o  21.0 cm. I found no ev idence  of  

s e x u a l  d i f f e r e n c e s  i n  t r a c k  s i z e ;  a n  a d u l t  f emale  had one of t h e  l a r g e s t  

t r a c k  wid ths  (median = 21.0 cm). 

One r h i n o  d e a t h  was r e c o r d e d  d u r i n g  t h i s  s t u d y .  I n  September 

1976,  t h e  s k e l e t o n  of  a  r h i n o  was found i n  t h e  upper S e l a i  wa te r shed  i n  

a  wallow. Apparen t ly ,  t h i s  an imal  had d i e d  w h i l e  n e a r  o r  i n  t h e  wallow 

of  undetermined c a u s e s .  S k u l l  wear p a t t e r n s  on t h e  t e e t h  i n d i c a t e d  t h a t  

t h i s  animal  was q u i t e  o l d .  No o t h e r  d e a t h s  were r e c o r d e d ,  b u t  ev idence  

of m o r t a l i t y  was d i f f i c u l t  t o  f i n d .  

DISCUSSION 

Track C h a r a c t e r i s t i c s  

I found t h a t  t h e  l o c a t i o n s  and s i z e s  o f  t r a c k s  were u s e f u l  i n  

documenting Sumatran r h i n o  d i s t r i b u t i o n  and e s t i m a t i n g  numbers. These 
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an imals  have t o e n a i l s  t h a t  make c l e a r  impress ions  i n  t h e  s o i l  and t h e  

maximum width between t h e  l a t e r a l  t o e s  of  t h e s e  t r a c k s  can be measured 

a c c u r a t e l y .  T h i s  measurement i s  u s e f u l  i n  d i s t i n g u i s h i n g  i n d i v i d u a l  

an imals .  Only h i n d f o o t  t r a c k s  can be e a s i l y  measured because t h e s e  

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

Pleasurements from s e v e r a l  t r a c k s  of  a  s e r i e s  were r e q u i r e d  f o r  t h e  use  

o f  s t a t i s t i c a l  p rocedures  i n  t h e  d a t a  a n a l y s i s .  

Many of t h e  f requency  d i s t r i b u t i o n s  of  a  s e t  of  t r ack-wid th  

measurements appeared skewed even though s t a t i s t i c a l  t e s t s  f a i l e d  t o  

d e t e c t  any d e p a r t u r e s  f r o m  n o r m a l i t y .  Sumatran r h i n o s  have c o n s i d e r a b l e  

f l e x i b i l i t y  i n  t h e  movement o f  t h e i r  t o e s .  While a scend ing  s t e e p  

t e r r a i n ,  they  t end  t o  p u l l  t h e i r  t o e n a i l s  inward f o r  a  b e t t e r  g r i p  on 

t h e  h i l l s i d e .  L ikewise ,  they  s p r e a d  t h e i r  t o e s  i n  a b rak ing  motion 

w h i l e  decending.  Tracks  made i n  s o f t  s o i l  t e n d  t o  be  expanded, u s u a l l y  

2 t o  5 mm. A l a r g e  sample of  t r a c k  measurements p r o v i d e s  a  b e t t e r  

e s t i m a t e  of  l o c a t i o n  i n  a  d a t a  s e t .  Track measurement d i s t r i b u t i o n s  o f  

r h i n o s  walking on f i r m  s o i l  i n  f l a t  t e r r a i n  w i t h  sample s i z e s  g r e a t e r  

t h a n  10 were approx imate ly  normal ly  d i s t r i b u t e d .  Often t h i s  s e t  of  

c o n d i t i o n s  cannot be  met ,  and I concluded t h a t  nonparametr ic  s t a t i s t i c a l  

p rocedures  were a p p r o p r i a t e  f o r  ana lyz ing  t r a c k  d a t a .  The 

Kruskal-Wal l is  ANOVA i n  combinat ion wi th  s imul taneous  conf idence  

i n t e r v a l s  f o r  ~ h c  d i f f e r e n c e  between medians was found t o  b e  n u s e f u l  

p rocedure  f o r  a n a l y z i n g  t h e  d a t a  c o l l e c t e d  from census  su rveys .  

S e v e r a l  problems were encountered w i t h  t h e  census  p rocedures  

developed f o r  t h i s  s t u d y .  The method r e q u i r e d  t h a t  s e v e r a l  peop le  w i t h  



exper j .ence  i n  ulensuring r h i n o  Lrackr; wert. a v a i l b l e  t o  l e a d  t h e  survcy 

teams. Sorne of t h e  d a t a  c o l l e c t e t l  by incxper ier~ct :d  groups  were 

d i f f i c u l t  t o  i n t e r p e r t  because  of  i mall sample s i z e s ,  confus ion  i n  

s p e c i e s  i d e n t i f i c a t i o n ,  o r  a mixt~ l l - e  of measurements from f o r e  and h i n d  

f o o t  p r i n t s .  T r a v e l  th rough  t h e  f o r e s t  was o f t e n  d i f f i c u l t ,  and groups  

o f  t e n  made slow p r o g r e s s  o r  covered t h e i r  r o u t e s  i n a d e q u a t e l y .  Weattier 

c o n d i t i o n s  have a  major e f f e c t  on t h e  a b i l i t y  t o  d e t e c t  t r a c k s  because 

heavy r a i n f a l l  comple te ly  washes o u t  t r a c k s .  The census  p e r i o d s  niust 

occur  d u r i n g  a  r e l a t i v e l y  d r y  p e r i o d ,  p r e f e r a b l y  d u r i n g  January t o  

March. The smal l  r ange  i n  a d u l t  t r a c k  s i z e  ( 5  cm) l i m i t s  t h e  number of 

- * : l ~ n l s  t h a t  can be i d e n t i f i e d  based only  on t rack-width  

measurenients. I f  t h e  a d u l t  r h i n o  p o p u l a t i o n  exceeds  about  10 

i n d i v i d u a l s ,  t h e  u t i l i t y  of  t h e  census  method d e c l i n e s  and a l t e r n a t i v e  

methods w i l l  need t o  be developed.  

D i s t r i b u t i o n  

Sumatran r h i n o s  were orlee found th roughout  s o u t h e r n  P e n i n s u l a r  

Malays ia ,  a l though  l i t t l e  h i s t o r i c a l  in fo rmat ion  i s  a v a i l a b l e .  During 

r e c e n t  y e a r s ,  t h e i r  d i s t r i b u t i o n  w i t h i n  t h e  r e g i o n  h a s  been g r e a t l y  

reduced by poaching and h a b i t a t  d e s t r u c t i o n .  S t e v e n s  (1968) r e p o r t e d  

t h a t  r h i n o s  were found i n  t h e  Endau-Rompin, Gunung Belumut, and l l e r s ing  

Coast  a r e a s .  A r e c e n t  su rvey  of t h e  coun t ry  (Flynn and Abdul lah ,  1983) 

co11f i r n ~ e d  t h e  p resence  of  r l ~ i n o s  i n  o n l y  t h e  Eadau-.lEompin :~ncl Gunui~g 

Belumnt a r e n s ,  but  t h e  Plersing a r e a  was not  s c a r c l ~ e d .  

My g e n e r a l  survey of  t h e  Endau-Rompin r e g i o n  h a s  documented 

t h a t  r h i n o s  p r e s e n t l y  use  about 1600 km2 of  pr imary f o r e s t  h a b i t a t .  



S i n c e  1.967, r h i n o s  have d i s a p p e a r e d  from s e v e r a l  a r e a e .  I found no 

e v i d e ~ l c e  of r h i n o s  a l o n g  t h e  lower Emas arid Semberong r i v e r s  where 

S tevens  (1968) proposed t h e  c r e a t i o n  of a  r h i n o  s a n c t u a r y .  Also ,  r h i n o s  

were no longer  r e p o r t e d  from t h e  Tersap and Tanah Abang a r e a s  a long  t h e  

lower Endau River .  Land-use p a t t e r n s  and human d i s t u r b a n c e  appeared t o  

r e s t r i c t  r h i n o  d i s t r i b u t i o n .  Rhino s i g n  was found most f r e q u e n t l y  i n  

a r e a s  of  low human use .  Along t h e  wes te rn  boundary,  r h i n o  s i g n  was 

seldom obse rved  i n  p l a c e s  where v i l l a g e r s  c o l l e c t  jung le  p roduc t s .  A 

r e d u c t i o n  i n  r h i n o  d i s t r i b u t i o n  i n  the  Puk in -Jeka t ih  a r e a  was obse rved .  

A s  t h e  f o r e s t  was logged o r  c l e a r - f e l l e d ,  t h e  r h i n o s  r e t r e a t e d  f a r t h e r  

i n t o  t h e  primary f o r e s t .  During a  1980 su rvey  of  t h e  Jemai and Pukin 

w a t e r s h e d s ,  r h i n o  s i g n  was n o t  found even though logg ing  a c t i v i t y  had 

s topped  o v e r  2 y e a r s  ago. 

1Jumb e r  S. 

The Endau-Kompin r e g i o n  c o n t a i n s  t h e  Larges t  con t iguous  

Sumntran r h i n o  p o p u l a t i o n  remaining i n  Malaysia .  Based on t h e  r e s u l t s  

of  t h e  su rvey  and census  work, I e s t i m a t e  t h a t  20-25 an imals  occur  

t h e r e .  The Taman Negara (8-12) and the  Sungai Dusun (4-6) a r e a s  c o n t a i n  

t h e  n e x t  l a r g e s t  r h i n o  p o p u l a t i o n s  remaining i n  t h e  coun t ry  (Flynn and 

Abdul lah ,  1983) .  Rhino d e n s i t y  i n  t h e  Endau-Rompin r e g i o n  was q u i t e  

v a r i a b l e ,  depending on t h e  s e c t i o n .  The census  s tudy  a r e a  con ta ined  t h e  

h i g h e s t  d e n s i t y  of a n i m a l s ,  about  1 animal  p e r  40 km2. In  a r e a s  t o  t h e  

n o r t h  and e a s t ,  r h i n o  s i g n  was observed l e s s  f r e q u e n t l y .  The 

d i f f e r e n c e s  i n  d e n s i t y  p robab ly  r e f l e c t  h a b i t a t  p r e f e r e n c e  and t h e  

amount of  human d i s t u r b a n c e .  The census  s t u d y  a r e a  c o n t a i n s  most ly  h i l l  
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f o r e s t  above 300 m ( F l y n n ,  i n  p r e p . ) .  The n o r t t l e r n  and e a s t e r n  s e c t i o n s  

c o n t a i n  mos t ly  lowland f o r e s t ;  much of t h i s  a r e a  h a s  been s u b j e c t e d  t o  

h i g h  l e v e l s  o f  human d i s t u r b a n c e .  

World wide,  o n l y  t h e  Gunung Leuse r  Rese rve  i n  n o r t h e r n  Sumatra 

c o n t a i n s  a  l a r g e r  number o f  Sumatran r h i n o s .  Borner (1978) e s t i m a t e d  

t h a t  20 t o  40 r h i n o s  o c c u r  i n  t h i s  v a s t  m o i ~ n t a i n o u s  r e g i o n .  A f t e r  

Endau-Rompin, t h e  S i l a b u k a n  a r e a  i n  Sabah,  E a s t  Malays ia ,  p robab ly  

c o n t a i n s  t h e  n e x t  l a r g e s t  g r o u p  (8-10)  o f  r h i n o s  (F lynn ,  1981).  

I n s u f f i c i e n t  d a t a  e x i s t  t o  a c c u r a t e l y  e s t i m a t e  t h e  nuniber of Sumatran 

r h i n o s  remain ing  i n  t h e  w o r l d ,  however p r e s e n t  e v i d e n c e  (Van S t r i e n ,  

1974;  McNeely and l , a u r i e ,  1977 ;  Borner ,  1978;  Schenke l  and Schenke l ,  

1979; Eayne, 1980; Van S t r i e n ,  p e r s .  corm.; F lynn ,  1981; Flynn and 

Abdul lah ,  1983) s u g g e s t s  t h a t  t h e  t o t a l  number i s  l e s s  than  300. T h u s ,  

t h e  Endau-Rompin r e g i o n  c o n t a i n s  a  s i g n i . f i c a n t  p r o p o r t i o n  (5-10%) of  t h e  

t o t a l  i n d i v i d u a l s  of  t h i s  s p e c i e s .  

P o p u l a t i o n  Trends  

The o b s e r v a t i o n  o f  cow/ca l f  p a i r s  i n  1975,  1977,  and 1981 

i n d i c a t e d  t h a t  r e p r o d u c t i o n  was s t i l l  o c c u r r i n g  i n  t h e  Endau-Rompin 

r h i n o  p o p u l a t i o n .  T h e  t r a c k s  of  cow/ca l f  p a i r s  were obse rved  only  i n  

t h e  census  s t u d y  a r e a ,  p a r t i c u l a r l y  w i t h i n  t h e  S e l a i ,  Endau, J u a s e h ,  and 

Kemidok w a t e r s h e d s .  T h e  a v e r a g e  a n n u a l  recruitment r a t e  f o r  t h e  e n t i r e  

p o p u l a t i o n  was c a l c u l a t e d  a t  0.5 young p e r  y e a r .  T h i s  ext remely low 

r e c r u i t m e n t  r a t e  i s  p robab ly  i n s u f f i c i e n t  t o  ~ u s t a i n  a  p o p u l a t i o n .  

I n  g e n e r a l ,  t r a c k s  o f  young r h i n o s  have seldom been r e p o r t e d .  

Hubback (1939) found Lracks  o f  young an imals  o n l y  3 t imes  d u r i n g  many 



y e a r s  of  t r a c k i n g  r h i n o s .  The S u r ~ g a i  Dusun W i l d l i f e  Reserve was t h e  

o n l y  o t h e r  a r e a  i n  P e n i r ~ s u l a r  f ln lays io  where t r a c k s  of young an imals  

were r e p o r t e d  d u r i n g  t h e  s t u d y  p e r i o d  ( ~ l y n n  and Abdul lah ,  1983). 

Rorrier (1978) r e p o r t c d  f i . n d i n g  t h e  traclcs of  5 d i f f e r e n t  cow/calf  p a i r s  

i n  t h e  Gunung Louser R e s e r v e  from 1972 t o  1975 f o r  an average  annual  

r e c r u i t m e n t  r a t e  of  1 .6  young p e r  y e a r .  The r e p r o d u c t i v e  r a t e  i n  t h e  

Cunung Leuser  a r e a  i s  s u b s t a n t i a l l y  h i g h e r  t h a n  Endau-Rompin. 

A p p a r e n t l y ,  t h e  h i g h e r  r e p r o d u c t i v e  r a t e  i n  t h e  Guaung Leuser a r e a  i s  

r e f l e c t i v e  of t h e  h i g h e r  p o p u l a t i o n  numbers. 

Only l i m i t e d  i n f o r m a t i o n  was c o l l e c t e d  on r h i n o  m o r t a l i t y .  A t  

l e a s t  1 animal  d i e d  d u r i n g  t h e  s t u d y  p e r i o d ,  b u t  t h e  cause  of d e a t h  was 

uncunfirrned.  1;o p o s i t i v e  e v i d e n c e  of poaching was found ,  but  

i n f o r m a t i o n  on p o a c h e r s  was d i f f i c u l t  t o  o b t a i n .  I n  1976,  I found 

s e r v e r a l  f o o t - s n a r e s  se t  f o r  r h i n o s  a long  t h e  midd le  Endau River  n e a r  

t h e  mouth of  the  Kemapan R i v e r .  These s n a r e s  were probably  s e t  by 

v i l l a g e r s  l i v i n g  a l o n g  t h e  lower  Endau R i v e r .  Tlle f i e l d  su rveys  

f u n c t i o n e d  a s  an e f f e c t i v e  p a t r o l  program and d i s c o u r a g e d  poaching 

a c t i v i t y .  A t  each v i l l a g e  v i s i t e d ,  I emphasized t h a t  r h i n o  h u n t i n g  was 

i l l e g a l  and e n t r y  i n t o  t h e  r h i n o  a r e a  was r e s t r i c t e d .  

Conservat i_o_n 

The Endau-Rompin r e g i o n  has t h e  most p o t e n t i a l  f o r  m a i n t a i n i n g  

n vj -ab le  popu la t ion  of  S t ~ m a t r a n  r l ~ i n o u  i n  Plnlays i.3, ant1 conse rva t  i o n  

e l f  ortcr f o r  Lhc s p e c i e s  s t ~ o u l d  b e  cocccr1t.r o t e d  t l ~ e r e .  work 11;ls si~c)wi~ 

t h a t  Endau-Rumpin c o n t a i n s  t h e  l a r g e s t ,  and p o s s i b l y  t h e  only  

r e p r o d ~ t c t i v e l y  v i a b l e ,  p o p i l l a t  i o n  of  r h i n o s  remain ing  i n  t h e  c o u n t r y .  A 



l a r g e  p r o p o r t i o n  of  t h e  r e g i o n  h a s  been proposed f o r  n a t i o n a l  park  

s t a t u s  which would p r o t e c t  t h e  h a b i t a t  from e x p l o i t a t i o n .  Recent 

r e s e a r c h  has  found numerous food  p l a n t s  a v a i l a b l e  i n  t h e  h a b i t a t  ( F l y n n ,  

i n  prep.  1. 

A sound c o n s e r v a t i o n  program must c o n t a i n  s h o r t  and long-term 

s t r a t e g i e s .  I n  t h e  s h o r t - t e r m ,  a l l  remaining an imals  must be p r o t e c t e d  

from poaching and t h e i r  h a b i t a t  p r o t e c t e d .  H a b i t a t  p r o t e c t i o n  shou ld  be  

a pr imary p r i o r i t y  of a c o n s e r v a t i o n  program. Unless  a  l a r g e  t r a c t  o f  

con t iguous  pr imary f o r e s t  h a b i t a t  i s  m a i n t a i n e d ,  t h e  s u r v i v a l  of  a  

v i a b l e  r h i n o  p o p u l a t i o n  i s  d o u b t f u l .  The proposed Endau-Rompin N a t i o n a l  

Pa rk  Management P l a n  ( ~ L y n n ,  1980) recommends t h a t  870 km2 of t h e  r e g i o n  

be  e s t a b l i s h e d  a s  a n a t i o n a l  pa rk .  Wi th in  t h e  p a r k  a r e a ,  high-use r h i n o  

a r e a s  would be zoned t o  r e d u c e  t h e  impact o f  human v i s i t a t i o n .  

According t o  t h i s  p l a n ,  t h e  proposed pa rk  would c o n t a i n  about  65% of t h e  

p r e s e n t l y  occup ied  r h i n o  h a b i t a t .  The b a l a n c e  of  t h e  r h i n o  a r e a ,  

i n c l u d i n g  most of t h e  h igh-va lue  comn~erc ia l  t i m b e r ,  has  a l r e a d y  been 

committed t o  t imber  c o n c e s s i o n s .  Also ,  t h i s  p l a n  recommends t h a t  a  

f o r e s t e d  b u f f e r  zone,  15 t o  20 km wide, b e  m a i n t a i n e d  arouiid t h e  Park  t o  

r e d u c e  t h e  impact o f  a g r i c u l t u r a l  development and human d i s t u r b a n c e .  

The b u f f e r  zone would be managed by t h e  Department of F o r e s t r y ,  i n  

c o n s u l  t a t  i o n  w i t h  t h e  DCJNP, f o r  s u s t a i n e d - y i e l d  t imber  product  ion .  

The e x l j l o i t a t i o n  of l a n d s  o u t s i d e  o f  t h e  park  a r e a  w i l l  

conf l i . c t  w i t h  r h i n o  c o n s e r v a t i o n .  These l a n d s  w i l l  be logged o r  c l  e a s e d  

f o r  a g r i c u l t u r a l  development.  I n  the  w e s t ,  a 1 1  l a n d s  c o n t a i n i n g  p r imary  

f o r e s t  w i t h i n  t h e  s t a t e  of Johor  should  be  i n c l u d e d  w i t h i n  t h e  proposed 



p a r k .  The l o g g i l ~ g  of  t h i s  key r h i n o  a r e a  w i l l  r e d u c e  t h e  amount of  

h a b i t a t  and g r e a t l y  i n c r e a s e  t h e  impact of  human d i s t u r b a n c e .  Lesong 

Timber Produc t s  h a s  t h e  t imber  r i g h t s  t o  500 km2 o f  r h i n o  h a b i t a t  i n  t h e  

r iorthwest  p o r t i o n  of  t h e  r e g i o n .  T h i s  b l o c k  of  f o r e s t  w i l l  be logged  

d u r i n g  t h e  n e x t  25 t o  35 y e a r s .  As t h i s  l o g g i n g  p roceeds ,  t h e  

d i s t u r b a n c e  w i l l  have  a n e g a t i v e  impact on s e v e r a l  an imals .  The r h i n o  

p o p u l a t i o n  w i l l  become f ragmented  a s  a n i m a l s  a r e  i s o l a t e d  i n  p a t c h e s  of  

unlogged h a b i t a t .  By l o g g i n g  t h e  wes te rn  s e c t i o n s  of  t h e  c o n c e s s i o n  

a r e a  f i r s t ,  t h e  n e g a t i v e  impact on t h e  r h i n o s  may be reduced.  Impor tan t  

r h i n o  h a b i t a t  a d j a c e n t  t o  t h e  proposed park boundary i n  t h e  upper S e k i n  

and J e k a t i h  wa te r sheds  shou ld  be  logged l a s t .  The maintenance of  a  

sys tem of c o r r i d o r s ,  composed o f  unlogged h a b i t a t ,  connec t ing  p a t c h e s  o f  

pr imary f o r e s t  nlay r e d u c e  t h e  f r a g m e n t a t i o n  o f  t h e  r h i n o  p o p u l a t i o n .  

Development o f  t h e  200 km2 S e l a n c h a r  Complex o i l  palm 

p l a n t a t i o n  i n  t h e  Pukin R i v e r  b a s i n  w i l l  have  a  major  impact on t h e  

r h i n o s .  The e a r l y  s t a g e s  of t h i s  p r o j e c t  by t h e  F e d e r a l  Land 

Development A u t h o r i t y  ( F E I ~ D A )  h a s  a l r e a d y  d e s t r o y e d  c r i t i c a l  r h i n o  

h a b i t a t .  T h i s  p l a n t a t i o n  i n t r u d e s  deep ly  i n t o  key r h i n o  h a b i t a t  a l o n g  

t h e  Pukin  River  and t h r e a t e n s  t o  f u r t h e r  fragment: t h i s  popu la t ion .  I n  

a d d i t i o n ,  t h e  p r o j e c t  w i l l  a t L r a c t  a n  e s t i m a t e d  10,000 s e t t l e r s  o r  

w o r k e r s ,  expos ing  t h e s e  r h i n o s  t o  poaching and human d i s t u r b a n c e .  

P r e s e n t l y ,  a hard-sl . i rfaced Ilighway i s  be ing  b u i l t  a l o n g  thf! Pukin River  

o n  l a n d  that  was used by r h i n o s  i n  1 9 7 7 .  1 s t r o n g l y  recommend t h n t  t h e  

l a s t  s t a g e s  (Schemes 7 and 8 )  of  t h e  S e l a n c h a r  P r o j e c t  remain 

uncompleted,  and a l l  i n f r a s t r u c t u r a l  development ( town, r o a d s ,  e t c . )  be  



l o c a t e d  a t  l e a s t  15  km from t h e  Endau-Kompin N a t i o n a l  Park  boundary. 

A l l  e f f o r t s  must b e  uiclde t o  p reven t  t h e  k i l l i n g  o f  rh ino6  

because  p o p u l a t i o n  numbers a r e  c r i t i c a l l y  low. P r e s e n t l y ,  t h e  Sumntran 

r h i n o  i s  c l a s s i f i e d  a s  a  t o t a l l y  p r o t e c t e d  s p e c i e s  under t h e  ' W i l d l i f e  

Act of 1972'. P e n a l t i e s  f o r  t h e  k i l l i n g  o r  p o s s e s s i o n  of t o t a l l y  

p r o t e c t e d  s p e c i e s  a r e  a maximum f i n e  of US$1200 a n d f o r  2  y e a r s  i n  j a i l  

(Anonymous, 1972) .  However, t h e s e  p e n a l t i e s  a r e  i n a d e q u a t e  f o r  t h e  

p r e v e n t i o n  of  poaching and should  be i n c r e a s e d .  The h igh  p r i c e  of r h i n o  

body p a r t s ,  e s p e c i a l l y  t h e  horrl,  p rov ides  a  s t r o n g  i n c e n t i v e  f o r  r h i n o  

poaching.  H a r t i n  (1979) found t h e  average  p r i c e  of  A s i a t i c  r h i n o  h o r n  

i n  4 Asian c o u n t r i e s  t o  r a n g e  i n  p r i c e  from US$ 3000 t o  11,000 p e r  kg.  

I n  o r d e r  t o  d i s c o u r a g e  poach ing ,  the  DWNP must r e g u l a r l y  p a t r o l  t h e  

r h i n o  a r e a s .  The r a n g e r  p a t r o l s  should be  c o n c e n t r a t e d  a l o n g  t h e  f o r e s t  

f r i n g e  n e a r  t h e  main a c c e s s  p o i n t s .  The c o n s t r u c t i o n  of  guard  p o s t s  

n e a r  t h e  ends of  a c c e s s  r o a d s  i s  needed t o  d i s c o u r a g e  human e n t r y .  A 

comprehensive  p r o t e c t i o n  program i s  o u t l i n e d  i n  t h e  Endau-Rompin 

Management Plan (F lyun ,  1980) .  

P r e s e n t l y ,  t h e  number of r h i n o s  may be  below a  minimum s i z e  

r e q u i r e d  f o r  ma in tenance  of  t h e  p o p u l a t i o n .  Even w i t h i n  f a v o r a b l e  

h a b i t a t ,  s m a l l  animal  p o p u l a t i o n s  can be  e x t i n g u i s h e d  because of  

s t o c h a s t i c  p e r t u r b a t  i o n s  (Shnf f  e r ,  1981).  The low r e c r u i t m e n t  r a t e  

i n d i c a t e s  t h a t  p his p o p u l a t i o n  i s  a l r e a d y  n e i r  a  niinimum nuiliber 

n e c e s s a r y  f o r  r c p r o d r ~ c  t i o n .  For improved r e p r n d l ~ c t  i v e  s u c c e s s ,  thc? 

number of p o t e n t i a l  b r e e d i n g  i n d i v i d u a l s  needs  t o  be  i n c r e a s e d .  T h i s  

cou1.d b e  accomplished by c a p t u r i n g  those  a n i ~ n a l s  i n  a r e a s  w i t h  ex t remely  
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low numbers o r  i n s e c u r e  h a b i t a t ,  and r e l e a s i n g  them i n  t h e  Endau-Rompin 

a r e a .  Also ,  an  i n t r o d u c t i o n  o f  new'animals  i n t o  t h e  p o p u l a t i o n  would 

i n c r e a s e  g e n e t i c  v a r i a b i l i t y ,  r educ ing  t h e  n e g a t i v e  impact of  i n b r e e d i n g  

d e p r e s s i o n  ( F r a n k l i n ,  1980).  An e f f e c t i v e  p o p u l a t i o n  s i z e  of  a t  l e a s t  

50 i n d i v i d u a l s  h a s  been proposed a s  t h e  minimum p o p u l a t i o n  s i z e  

n e c e s s a r y  f o r  m a i n t a i n i n g  shor t - t e rm f i t n e s s  i n  most s p e c i e s  ( ~ o u l e ,  

1 9 8 0 ) .  

The r h i n o  r e s e a r c h  p rogran  shou ld  be  c o n t i n u e d  on a  long-term 

b a s i s .  The census  s u r v e y s  shou ld  be conduc ted  a t  r e g u l a r  i n t e r v a l s  

( a n n u a l l y )  t o  moni to r  p o p u l a t i o n  t r e n d s .  The m o n i t o r i n g  of  r e c r u i t m e n t  

r a t e s  i s  probably  more i m p o r t a n t  than  a t t e m p t i n g  t o  e s t i m a t e  t o t a l  

numbers. The su rvey  work i n  t h e  n o r t h e r n  and e a s t e r n  s e c t i o n s  shou ld  b e  

expanded t o  b e t t e r  document p r e s e n t  r h i n o  d i s t r i b u t i o n .  I n  p a r t i c u l a r ,  

t h e  Lesong c o n c e s s i o n  s h o u l d  b e  c l o s e l y  s t u d i e d  t o  moni to r  t h e  impact o f  

l o g g i n g  on t h e  r h i n o s .  The long-term impact o f  h a b i t a t  m o d i f i c a t i o n  by 

l o g g i n g  on r h i n o  h a b i t a t - u s e  needs  more s t u d y .  The food  and h a b i t a t  

r e q u i r e m e n t s  o f  t h i s  an imal  shou ld  be s t u d i e d  e x t e n s i v e l y  t o  g a t h e r  

a d d i t i o n a l  i n s i g h t s  i n t o  i t s  e c o l o g i c a l  r e l a t i o n s h i p s .  Otherwise ,  t h i s  

r a r e  and unique s p e c i e s  may d i s a p p e a r  b e f o r e  we have  l e a r n e d  much abou t  

i t .  
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i n f o r m a t i o n  on r h i n o  s i g h t i n g s ,  e s p e c i a l l y  R. O l i v i e r ,  J. T a y l o r ,  

P. Fong, and A. Z a b i d i .  Drs. B. O'Gara, C. J o n k e l ,  and A. Sheldon 

p rov ided  many u s e f u l  comments on the  m a n u s c r i p t .  C. Connor and 

B. Bakken d r a f t e d  t h e  f i g u r e s .  P. Conry typed  t h e  t a b l e s  and e d i t e d  

p a r t s  of  t h e  m a n u s c r i p t .  My warmest a p p r e c i a t i o n  t o  Kang Kong b i n  

Pfintol  and t h e  o t h c r  menibers of  Kampung Juaseh  f o r  s h a r i n g  t h e i r  

i n t i m a ~ e  kxiowledge o f  t h e  Endau-1Lomyin f o r e s t s  w i t h  m e .  
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