
Page 84 

CHAPTER IV 

FEEDING E C O L O G Y  OF T H E  S U N A T R A N  F3I Ih :OCEROS 

I N  S O U T H E R N  P E N I K S U L A R  P I A L A Y S I A  



ABSTRACT 

Feeding eco logy  of t i le  Sumatran r h i n o c e r o s  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  Pla lays ia ,  was s t u d i e d  d u r i n g  1979 th rough  

1981 t o  p r o v i d e  i n f o r m a t 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 foll .owing r e c e n t  r h i n o  t r a c k s .  Wi th in  

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 e a m  

bottom (592) and lower  s l o p e  (342) p l iys iograph ic  t y p e s .  S n ~ a l l  f o r e s t  

gaps  (35%) were used more t h a n  t h e i r  a v a i l a b i l i t y  ( 1 5 % ) ,  but  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 

mos t 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  w i t h  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 e n t e d  i n  342 f e e d i n g  c a s e s .  Prunus sp.  (15.1%),  F i c u s  

s p .  ( 6 . 4 % ) ,  Pledusanthera sp .  ( 3 . 8 % ) ,  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  based on t o t a l  b i t e s  (11 ,818) .  

Chemical a n a l y s e s  o f  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 ,  i n d i c a t e d  t h a t  Surnatran 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  t h a t  were h i g h  i n  m i n e r a l  and c r u d e  

p r o t e i n  c o n t e n t  b u t  low i n  f i b e r .  P h e n o l i c s  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 ,  b u 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  condensed t a n n i n .  

Rhino f e e d i n g  behav io r  was i n f l u e n c e d  by f o r a g e  q u a l i t y ,  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  a t t r i b u t e s ,  and f e e d i n g  a d a p t a t i o n 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  (Dicerorhinu_s 

s u m a t r e n s i s  F i s h e r  1814)  i s  t h e  only e x t a n t  r h i n o c e r o s  l i v i n g  e n t i r e l y  

i n  p r i i i~a ry  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 s .  The f e e d i n g  ecology and 

h a b i t a t  r e l a t i o n s h i p s  o f  t h i s  unique s p e c i e s ,  a l o n g  w i t h  most o t h e r  

l a r g e  t e r r e s t r i a l  h e r b i v o r e s  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 s ,  a r e  

p o o r l y  unders tood .  Rare  s e c r e t i v e  a n i m a l s ,  complex p l a n t  communities,  

and d i f f i c u l t  working c o n d i t i o n s  have d i s c o u r g e d  most f i e l d  r e s e a r c h e r s .  

I n  t r o p i c a l  A s i a ,  c o n s e r v a t i o n  and management programs have s u f f e r e d  

f rom t h e  l a c k  of b a s i c  i n f o r m a t i o n  on t h e  e c o l o g i c a l  r e l a t i o n s h i p s  

between w i l d l i f e  and h a b i t a t  (S tevens ,  1968; Lee ,  1980) .  As many of t h e  

l a r g e  mammals s l i p  toward e x t i n c t i o n  (Simon, 19691, t h e  impacts of  

h a b i t a t  m o d i f i c a t i o n  and d e s t r u c t i o n  on w i l d l i f e  need e v a l u a t i o n .  

I n  1974,  t h e  b la lays ian Department of  W i l d l i f e  and 1:a t ional  

Pa rks  (DWNP) i n i t i a t e d  a  long-term s t u d y  on t h e  s t a t u s  and eco logy  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  Pialaysia (Flynn,  1978) .  E a r l y  

i n v e s t i g a t i o n s  de te rmined  t h a t  t h e  Endau-Rompin a r e a ,  l o c a t e d  i n  

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

Sumatran r h i n o s  remain ing  i n  t h e  c o u n t r y ,  abou t  20 t o  25 i n d i v i d u a l s  

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

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

Endau-Rompin r e g i o n .  The s tudy ' s  o b j e c t i v e s  a r e  a s  f o l l o w s :  1 )  t o  

d e t e r m i n e  t h e  k i n d s  and r e l a t i v e  amounts of foods  e a t e n ;  2)  t o  d e s c r i b e  

t h e  h a b i t a t s  s e l e c t e d  f o r  f e e d i n g ;  3 )  t o  compare t h e  use o f  foods  and 
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h a b i t a t s  w i t h  t h e i r  a v a i l a b i l i t y  w i t h i n  t h e  s t u d y  a r e a ;  and 4 )  t o  

i n v e s t i g a t e  t h e  r e l a t i o n s h i p s  between p l a n t  c h e m i s t r y  and food  

s o  l e c t  ion .  

The Sumatran r h i n o  i s  t h e  s m a l l e s t  and most p r i m i t i v e  

r h i n o c e r o s  (Groves and K u r t ,  1972).  A d u l t s  p robab ly  weigh up t o  1000 kg 

w i t h  s h o u l d e r  h e i g h t s  t o  1.45 m. Both s e x e s  have a  s h o r t  n a s a l  h o r n  and 

a n  inconsp icuous  f r o n t a l  horn .  Sometimes t h e  body i s  covered by h a i r ,  

l a r g e l y  d i s a p p e a r i n g  w i t h  age .  The s k i n  f o l d s  a r e  s t r i k i n g  f e a t u r e s ,  

one  e n c i r c l i n g  t h e  t r u n k  j u s t  behind t h e  f o r e - l e g s  and a n o t h e r  on t h e  

b e l l y  and f l a n k s ,  b u t  not  on t h e  back,  j u s t  b e f o r e  t h e  h ind- legs .  The 

p a i r  o f  upper i n c i s o r s  have l a r g e  f l a t t e n e d  crowns,  and t h e  e n l a r g e d  

p a i r  of lower c a n i n e s  h a v e  been modi f i ed  i n t o  s h a r p  forward p o i n t i n g  

t u s k s  (Groves,  1967) .  The pre-molars and m o l a r s  a r e  s i m i l a r  and 

r e l a t i v e l y  low crowned w i t h  t r a n v e r s e  r i d g e s  of  enamel,  i n d i c a t i n g  a  

n o n - s p e c i a l i z e d  browsing h a b i t .  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  i n  Burma, T h a i l a n d ,  t h e  Malay P e n i n s u l a ,  Sumatra,  and Borneo 

(Van S t r i e n ,  1974; McNeely and L a u r i e ,  1977; Borner ,  1978; Andau and 

Payne,  1982; Flynn and Abdul lah ,  1983b).  H i s t o r i c  h u n t i n g  o f  r h i n o s  f o r  

t h e  b e l i e v e d  u e d i c i n a l  v a l u e s  of  t h e i r  body p a r t s  has g r e a t l y  d e p l e t e d  

numbers (Van S t r i e n ,  1974; Mar t in ,  1979) ;  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  

by 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  r e d u c e d  

t h e  onlount of s u i t a b l e  h a b i t a t  arid i s o l a t e d  a lrecldy s111sl1 populnt  ions 

( ~ l y n n  and Abdul lah ,  1983b) .  

The r h i n o c e r o s e s  ( P e r i s s o d a c t y l a :  ~ h i n o c e r o t i d a e )  a r e  of  



s p e c i a l  i n t e r e s t  i n  t h e  s t u d y  of f e e d i n g  eco logy  because  of t h e i r  

c o l o n i c / c e c a l  d i g e s t i v e  sys tem (Foose,  1982) .  R e c e n t l y ,  t h e  r e l a t i v e  

a d v a n t a g e s  and a d a p t a t i o n s  o f  t h e  ruminant and nonruminant d i g e s t i v e  

sys tems  have r e c e i v e d  some i n v e s t i g a t i o n  ( J a n i s ,  1976; P a r r a ,  

1978; Foose ,  1982; Van S o e s t ,  1982) .  The ruminant  sys tem a p p e a r s  

a d a p t e d  t o  maximize t h e  e x t r a c t i o n  of  ene rgy  and p r o t e i n  pe r  u n i t  of  

v e g e t a t i o n  consumed, b u t  t h e  r e t i c u l o - o m a s a l  o r i f i c e  r e t a r d s  t h e  p a s s a g e  

of  f i b r o u s  p a r t i c l e s  th rough  t h e  gu t  (van S o e s t ,  1982) .  I n  t h e  h i n d g u t  

o r  nonruminant d i g e s t e r ,  t h e  s i t e  of m i c r o b i a l  f e r m e n t a t i o n  i s  l o c a t e d  

a f t e r  t h e  normal s i t e s  of  mammalian d i g e s t i o n  and a b s o r p t i o n  i n  t h e  

stomach and s m a l l  i n t e s t i n e  ( J a n i s ,  1976; P a r r a ,  1978;  Foose,  1982) .  

Most s o l u b l e  c a r b o h y d r a t e s  and p r o t e i n s  a r e  d i g e s t e d  p r e c e c a l l y  by 

enzymat ic  a c t i o n ,  b u t  f i b r o u s  m a t e r i a l s  a r e  f e rmented  by m i c r o b i a l  

a c t i v i t y  i n  a n  e n l a r g e d  c o l o n  and /o r  prominent cecum ( P a r r a ,  1978) .  

Nonruminants a p p e a r  t o  maximize t h e  e x t r a c t i o n  o f  n u t r i e n t s  p e r  u n i t  

t i m e  by f a s t e r  passage  r a t e s  and l a r g e r  i n t a k e s  of  f o r a g e ;  t h e y  minimize  

n u t r i e n t  r e q u i r e m e n t s  p e r  u n i t  weight by en la rgement  of  t h e i r  body s i z e s  

 anis is, 1976; Foose ,  1982) .  

A h e r b i v o r o u s  l i f e - s t y l e  p r e s e n t s  many problems f o r  a n  a n i m a l .  

P l a n t s  a r e  no t  j u s t  f o o d  f o r  a n i m a l s ;  t h e y  h a v e  evo lved  p r o t e c t i v e  

sys tems  t o  e n s u r e  t h e i r  own c o n t i n u e d  e x i s t e n c e  and s u r v i v a l  ( s e e  

R o s e n t h a l  and Janzen  1 9 7 9 ) .  P l a n t  p r o t e c t i v e  sys tems  i n c l u d e  p h y s i c a l  

and chemica l  s t r u c t u r e s  t h a t  r e s i s t  a t t a c k s  by l e a f  p r e d a t o r s .  P h y s i c a l  

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

m o d i f i c a t i o n s  of  t h e  l e a v e s  o r  s t ems ,  e n l a r g e d  h e i g h t  and s i z e  of s t e m s ,  
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and u n p r e d i c t a b i l i t y  i n  t ime  and /o r  s p a c e .  The p l a n t  chemical  world i s  

v a s t  and complex, o f t e n  poor ly  unders tood  ( ~ a n z e n  1978) .  l lerbivoreti  

e x t r a c t  p l a n t  chemica l s  f o r  n u t r i e n t s  by d i g e s t i v e  p r o c e s s e s ,  bu t  o f t e n  

v e g e t a t i o n  i s  a  poor food  p a c k e t .  N u t r i e n t s  niny have p o s i t i v e  o r  

n e g a t i v e  v a l u e  t o  t h e  h e r b i v o r e  a f t e r  i n g e s t i o n   reelan and and J a n z e n ,  

1974; Westoby, 1974) .  P r o t e i n s ,  s o l u b l e  c a r b o h y d r a t e s ,  and most 

m i n e r a l s  a r e  common p o s i t i v e  n u t r i e n t s  r e q u i r e d  by an animal  f o r  g rowth ,  

m a i n t a i n e n c e ,  and r e p r o d u c t i o n .  I n  a d d i t i o n ,  p l a n t s  s y n t h e s i z e  a  v a s t  

a r r a y  o f  secondary  m e t a b l o l i t e s  t h a t  have n e g a t i v e  impacts  on 

h e r b i v o r e s .  Secondary p l a n t  compounds can b e  grouped a s  

d i g e s t i o n - r e d u c i n g  compounds o r  p l a n t  t o x i n s  ( ~ h o a d e s  and Cates  1976) .  

Diges t ion- reduc ing  compounds o f t e n  have a  q u a n t i t a t i v e  

(dosage-dependent)  e f f e c t  because  they  complex w i t h  p r o t e i n s  and an imal  

enzymes, i n t e r f e r  w i t h  animal  metabol ism,  o r  i n h i b i t  g u t  m i c r o f l o r a s  

( F r e e l a n d  and J a n z e n ,  1974; Feeny,  1976; Rhoades and C a t e s ,  

1976; Bryan t ,  1981; Becker ,  1982) .  P h e n o l i c  compounds, such a s  p h e n o l i c  

a c i d s ,  f l a v o n o i d s ,  and t a n n i n s ,  a r e  i n c l u d e d  i n  t h i s  group (Lev in ,  

1971; McKey e t  a l . ,  1978) .  P l a n t  s t r u c t u r a l  c a r b o h y d r a t e s ,  such a s  

c e l l u l o s e  and l i g n i n ,  a r e  u n d i g e s t i b l e  by mammalian enzymatic a c t i o n .  

C e l l u l o s e  can be degraded by m i c r o b i a l  f  e m e n t a t  i o n ;  l i g n i n  i s  t o t a l l y  

u rnd iges t ib le  and l i m i t s  t h e  a v a i l a b i l i t y  of  c e l l .  w a l l  c a r b o h y d r a t e s  t o  

d i g e s t i n g  mic robes  (van S o e s t ,  1982).  P l a n t  t o x i n s  i n c l u d e  a  wide r a n g e  

of  p l a n t  chemica l s  t h a t  a c t  a s  poisons .  These  chemica l s  a r e  g e n e r a l l y  

a c t i v e  i n  smal l  q u a n t i t i e s  and ex t remely  t o x i c  once  they e n t e r  t h e  

h e r b i v o r e ' s  body  reelan and and Janzen ,  1974; Rlloades and C a t e s ,  1976) .  
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A l k a l o i d s  and s a p o n i n s  a r e  c h a r a c t e r i s t i c  o f  t h i s  group ( ~ e v i n  and York, 

1978; R o s e n t h a l  and J a n z e n ,  1979) .  

Before  t h i s  s t u d y ,  l i t t l e  q u a n t i t a t i v e  i n f o r m a t i o n  on t h e  

foods  and h a b i t a t s  s e l e c t e d  by t h i s  unique s p e c i e s  was a v a i l a b l e .  

P r e v i o u s  p a p e r s  have c o n t a i n e d  on ly  l i s t s  o f  p l a n t s  r ecorded  a s  e a t e n  o r  

o b s e r v a t i o n s  of  h a b i t a t s  used (Van S t r i e n ,  1974) .  I n  Malaysia ,  Hubback 

(1939) r e c o r d e d  44 p l a n t  t a x a  a s  r h i n o  food  p l a n t s ;  most of t h e  

i n f o r m a t i o n  was c o l l e c t e d  w h i l e  he hun ted  them i n  t h e  h i l l  f o r e s t s  o f  

c e n t r a l  Pahang. A d d i t i o n a l  p l a n t  t a x a  were p rov ided  by S t r i c k l a n d  

(1967) from a  l - y e a r  s t u d y  conducted i n  t h e  w e s t - c o a s t a l  lowland f o r e s t s  

o f  Sungei  Dusun W i l d l i f e  Reserve .  Borner (1978)  and N.  Van S t r i e n  

( p e r s .  comm.) have compi led e x t e n s i v e  l i s t s  o f  p l a n t s  e a t e n  by Suulatran 

r h i n o s  i n  t h e  mountainous r a i n  f o r e s t s  of  Cunung Leuser  Reserve ,  

n o r t h e r n  Surnatra. Only l i m i t e d  i n f o r m a t i o n  f rom i n c i d e n t a l  o b s e r v a t i o n s  

h a s  been a v a i l a b l e  from t h e  monsoonal f o r e s t s  o f  Tha i l and  and Burma 

( ~ v a n s ,  1905; Thorn, 1935; T a l b o t ,  1960) .  

STUDY AREA 

I n v e s t i g a t i o n s  were conducted a t  t h e  S e l a i  Kiver s tudy  s i t e  i n  

t h e  Kndau-Kompin r e g i o n ,  a proposed n a t i o n a l  pa rk  of  o v e r  870 km2 

l o c a t e d  i n  s o u t h e r n  P e n i n s u l a r  Plalaysia ( 2 "  30' N ,  103" 15' E ) .  I 

d e f i n e d  t h e  s t u d y  a r e a  a s  t h e  p o r t i o n  of t h e  upper  S e l a i  River  wa te r shed  

l y i n g  west  of  103" 12' E l o n g i t u d e ,  an  a r e a  of  about  40 km2 ( ~ i g .  1). 
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The o n l y  a c c e s s  t o  t h i s  remote s i t e  was by f o o t  t r a v e l  a long  a  f o r e s t  

p a t h  from t h e  end o f  t h e  n e a r e s t  r o a d ,  10 km west  of t h e  r e s e a r c h  camp. 

The topography of  t h e  s tudy  a r e a  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 ,  and dominated by a nor th - sou th  t r e n d i n g  mountain range .  

Wi th in  t h e  s t u d y  a r e a ,  t h e  upper S e l a i  w a t e r s h e d  forms a  d i s t i n c t  h i g h  

b a s i n  on t h e  e a s t  s i d e  of  t h e  m a i n  mounta in  range .  Adjacent  t o  t h e  

e a s t e r n  boundary of  t h e  s t u d y  a r e a ,  t h e  S e l a i  R ive r  d r o p s  a b r u b t l y  300 m 

o v e r  t h e  n e x t  1.6 km. E l e v a t i o n s  v a r y  from 350 m a l o n g  t h e  s t r e a m  t o  

900 m a t  t h e  h i g h e s t  p o i n t .  The 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  r o c k s  of T r i a s s i c  a g e ;  Permian v o l c a n i c  r o c k s  

of  a n d e s i t i c  and r h y o l i t i c  compos i t ion  o c c u r  i n  t h e  e a s t e r n  s e c t i o n  

(Gobbet t  and Hutch i son ,  1973) .  The 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  p a r e n t  m a t e r i a l ,  but they  a r e  g e n e r a l l y  of  poor 

q u a l i t y  ( S m l l w o o d ,  1966) .  Red and y e l l o w  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  igrleous r o c k s  cover  most of  t h e  a r e a .  L a t o s a l s  and 

p o d z o l i c  s o i l s  d e r i v e d  f rom sed imenta ry  r o c k s  a r e  found f a r t h e r  t o  t h e  

e a s t .  

The c l i m a t e  i s  c l i a r a c t e r i s t i c  of  t h e  mois t  t r o p i c s ,  un i fo rmly  

warm and humid th roughout  t h e  yea r .  Al though a c c u r a t e  weather  

in fo rn la t ion  was n o t  a v a i l a b l e  f o r  t h e  s t u d y  s i t e ,  s e a s o n a l  v a r i a t i o n  i n  

t e a i p e r a t u r e  and r a i n f a l l  was s l i g h t .  A t  a  nearby lowlarltl s i t e  

(Scgnniat) ,  t h e  mean d a i l y  tc lupcra turc  was 2 7 O  C ,  w i t h  t h e  d i u r r ~ a l  r ange  

g r e a t e r  than  t h e  s e a s o n a l  r ange  (Dale ,  1963) .  The mean t e m p e r a t u r e  a t  

t l ie  S e l a i  base  camp, e l e v a t i o n  470 m ,  was 24O C. T y p i c a l l y ,  t h e  

r e l a t i v e  humid i ty  was n e a r  l O O Z  i n  t h e  f o r e s t  u n d e r s t o r y .  R a i n f a l l  was 
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abundant th roughout  t h e  y e a r ,  excep t  f o r  a  s l i g h t  d e c r e a s e  d u r i n g  t h e  

January-to-May in te rmonsoona l  p e r i o d .  Annual mean r a i n f a l l  was 

e x t r a p o l a t e d  t o  be  n e a r  2800 mn, based on r e c o r d s  f rom nearby lowland 

s t a t i o n s  a t  t h e  i n t e r i o r  town of  Segamat (2000 mm) and t h e  c o a s t a l  town 

of  Flersing (3300 mm) (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  s t u d y  a r e a  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  Indo-Malayan f o r m a t i o n  ( R i c h a r d s ,  1952; Whitmore, 

1975) .  These f o r e s t s  a r e  t h e  world's most l u x u r i a n t  and s p e c i e s - r i c h ;  

a n  e s t i m a t e d  4100 s p e c i e s  o f  woody p l a n t s  o c c u r  i n  P e n i n s u l a r  Malays ia  

(Whitmore, 1972; 1975) .  I n  g e n e r a l ,  t h e s e  f o r e s t s  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  w i t h  a  predominance of  

i n d i v i d u a l s  f rom 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 ,  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 a few l a r g e  emergent t r e e s ,  a  n e a r l y  c l o s e d  canopy a t  

abou t  25 m, and a n  u n d e r s t o r y  c o n s i s t i n g  o f  numerous s e e d l i n g s  and 

j u v e n i l e s  of  l a r g e  t r e e s ,  s h r u b s ,  palms,  c l i m b e r s ,  and herbaceous  

p l a n t s .  S u c c e s s i o n a l  dynamics of  t r o p i c a l  r a i n  f o r e s t s  a r e  

c h a r a c t e r i z e d  by t h e  d e a t h  and col l .apse  o f  l a r g e  f o r e s t  t r e e s ,  c r e a t i n g  

s m a l l  gaps  i n  t h e  canopy (Whitmore, 1975) .  These gaps  a r e  f i l l e d  by 

j u v e n i l e  t r e e s  growing i n  t h e  u n d e r s t o r y  o r  by invad ing  s p e c i e s .  As 

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

r e b u i l d i n g  f o r e s t  r e t u r n s  t o  t h e  niature,  closed-canopy phase .  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  o f  t r o p i c a l  r a i n  f o r e s t  communities 

(Poore ,  19631, but  s e v e r a l  g e n e r a l  f o r e s t  t y p e s  a r e  r ecogn ized  

(Wyatt-Smith, 1964; F o r e s t  Department,  1977) .  Most of  t h e  s t u d y  a r e a  i s  

covered  w i t h  mixed h i l l  d i p t e r o c a r p  f o r e s t .  According t o  Gyekis (1966) ,  



t h e  wes te rn  p o r t i o n  c o n s i s t s  of  meran t i -ke ru ing  mixed h i l l  f o r e s t  w i t h  

se raya-keru ing  h i l l  f o r e s t  on t h e  r i d g e s  and we l l -d ra ined  upper s i t e s .  

I n  a d d i t i o n  t o  t h e  Sun~a t ran  r h i n o c e r o s ,  t h e  l a r g e  mammal fauna  

of  t h e  Endau-Rompin r e g i o n  i n c l u d e s  e l e p h a n t  (E lephas  maximus), Malayan 

t a p i r  ( T a p i r u s  i n d i c u s )  , gaur  ( ~ o s  g a r u s ) ,  bea rded  p ig  (Sus b a r b a t u s ) ,  

common p i g  (+ s c r o f a ) ,  mouse d e e r  ( T r a n ~ u l u s  napu,  T.  J a v a n i c u s ) ,  

b a r k i n g  d e e r  (Pluntiacus m u n t i a k ) ,  sambur d e e r  (Cervus u n i c o l o r ) ,  conunon 

l e o p a r d  ( P a n t h e r a  p a r d u s ) ,  and t i g e r  ( P a n t h e r a  t i g r i s ) .  

PETHODS AND PIATERIALS 

Feeding Bchavior 

A sys tem o f  f o o t  p a t h s  was c u t  th rough  t h e  f o r e s t  u n d e r s t o r y  

i n  t h e  s t u d y  a r e a ,  and 2 base  camps were b u i l t  a t  p o i n t s  l o c a t e d  12  and 

20 km from t h e  end o f  t h e  n e a r e s t  road .  I s e a r c h e d  t h e  s t u d y  a r e a  f o r  

r h i n o  t r a c k s  a l o n g  t h e  t r a i l  system from t h e  base  camps u s i n g  s k i l l e d  

an imal  t r a c k e r s  h i r e d  from t h e  nearby v i l l a g e  of  Kampung Juaseh .  

A d d i t i o n a l  f i e l d  s t a f f  were provided by t h e  Plalayan Department of  

W i l d l i f e  and N a t i o n a l  Pa rks  (DWNY). Once a s e t  o f  r e c e n t  t r a c k s  had 

been l o c a t e d ,  t h e  rh ino ' s  t r a i l  was f o l l o w e d  and a l l  ev idence  of f e e d i n g  

a c t i v i t y  was r e c o r d e d .  Each i n d i v i d u a l  p l a n t  t h a t  had been e a t e n  by a  

r h i n o  was t r e a t e d  a s  a  c a s e  of  f e e d i n g ,  o r  a  f e e d i n g  s i t e .  Rhino 

f e e d i n g  behav io r  was s t u d i e d  by r e c o r d i n g  e v i d e n c e  of t h e i r  f e e d i n g  

a c t i v i t i e s  l e f t  a t  f e e d i n g  s i t e s .  Method o f  f e e d i n g  was d e s c r i b e d  i n  



terois  o f  o r  b r e a k i n g  t h e  main stem. The amount of p l a n t  

m a t e r i g  l e a t e n  Lronl each  p l a n t  W:IH e a t  irnated u ~ i n g  (1 b i  te -coi i~i t  niethod 

s i m i l a r  t o  Peek e t  a l .  (1976) .  A s t a n d a r d  r h i n o  b i t e  c o n s i s t e d  of  a 10  

cm l e n g t h  of  l e a f  o r  s tem m a t e r i a l .  The number of b i t e s  removed from a  

p l a n t  was e s t i m a t e d  by careEu1.ly examining b ranches  of  t h e  p l a n t  t h a t  

had not  been e a t e n .  The t o t a l  number of  b i t e s  a v a i l a b l e  a t  a  p l a n t  w a s  

c a l c u l a t e d  by add ing  t h e  number of b i t e s  r emain ing  o n  a  p l a n t  t o  t h e  

number of  b i t e s  e s t i m a t e d  t o  have been consumed. The mean weight  o f  a  

s t a n d a r d  b i t e  was c a l c u l a t e d  by measur ing t h e  we igh t  of  100 b i t e s  o f  

i n d i v i d u a l  l e a v e s  from 1 0  s p e c i e s  o f  t r e e s  and 50 b i t e s  o f  stem from 5  

d i f f e r e n t  t r e e s .  The mean weight  of  l e a f  m a t e r i a l  was found t o  be 2.4 g 

and s tem 1 . 4  g .  

The d i s t a n c e  between f e e d i n g  s i t e s  was n~cnsured  by r e c o r d i n g  

t h e  number of  s t e p s  t a k e n  between them w i t h  a  hand c o u n t e r .  I e s t i m a t e d  

my a v e r a g e  s t e p  l e n g t h  a t  1 m and c o n v e r t e d  t h e  number of  s t e p s  t o  

l i n e a r  d i s t a n c e .  

Food P l a n t  C h a r a c t e r i s t i c s  -- 
A l e a f  sample was c o l l e c t e d  from e a c h  p l a n t  r ecorded  a s  e a t e n  

by a  r h i n o  a t  a  f e e d i n g  s i t e  f o r  l a t e r  i d e n t i f i c a t i o n .  Also ,  t h e  l o c a l  

common name was n o t e d  f o r  each  p l a n t .  The l e a f  samples were p r e s s e d  

o v e r  n i g h t ,  t h e n  s e a l e d  i n  a  p l a s t i c  bag w i t h  e t h a n o l  (Womersley, 1 9 6 9 )  

u n t i l  d e l i v e r e d  C O  t h e  t h e  F o r e s t  Research I n s t i t u t e  ( F R I ) ,  Department 

of  F o r e s t r y ,  Kcpong, M a l a y s i a ,  f o r  i d e n t i f i c a t i o n .  M r .  K .  M. Kochummen 

and D r .  F. S .  P. Ng k i n d l y  a r r a n g e d  f o r  t h e  i d e n t i f i c a t i o n s  of  a l l  t h e  

p l a n t  m a t e r i a l s .  The p l a n t  l i f e  form - woody s a p l i n g ,  c l i m b e r ,  palm, o r  



herbaceous  p l a n t  - was r e c o r d e d  f o r  each  p l a n t .  Also ,  each stem was 

examined f o r  t h e  p r e s e n c e  of  t h o r n s  o r  o t h e r  p h y s i c a l  defentle s t r u c t u r e s  

and measured f o r  d i a m e t e r  a t  b r e a s t  h e i g h t  (DBH) and t o t a l  h e i g h t .  

The e c o l o g i c a l  c h a r a c t e r i s t i c s  of  r h i n o  food p l a n t s  were 

i n v e s t i g a t e d  by rev iewing  t h e  a v a i l a b l e  l i t e r a t u r e ,  p r i m a r i l y  Van 

S t e e n i s  (1953) ,  Whitmore (19721,  Wyatt-Smith and Kochummen (19791, and 

K .  Kochummen ( p e r S .  comm.). P l a n t  t a x a  were e v a l u a t e d  i n  terms of  t h e i r  

t y p i c a l  canopy p o s i t i o n ,  f o r e s t  t y p e ,  s u c c e s s i o n a l  s t a g e ,  and t i m b e r  

p o t e n t i a l .  

H a b i t a t ,  C h a r a c t e r i s t i c s  

H a b i t a t  a t t r i b u t e s  were measured a t  each f e e d i n g  s i t e  t o  

o b t a i n  q u a n t i t a t i v e  i n f o r m a t i o n  on t h e  h a b i t a t  c h a r a c t e r i s t i c s  s e l e c t e d  

f o r  f e e d i n g .  The h a b i t a t  was e v a l u a t e d  i n  t e rms  of  yhys iograph ic  t y p e ,  

e l e v a t i o n ,  s l o p e ,  s u c c e s s i o n a l  s t a g e ,  and canopy cover .  A t  each f e e d i n g  

s i t e ,  t h e  p l a n t  t h a t  had been e a t e n  by a  r h i n o  e s t a b l i s h e d  t h e  c e n t e r  

p o i n t  f o r  a  c i r c u l a r  p l o t  w i t h  a  d iamete r  of  20 m. The map g r i d  

l o c a t i o n  and e l e v a t i o n  were de te rmined  from t o p o g r a p h i c  maps a v a i l a b l e  

f rom t h e  Malaysian Government P r i n t i n g  O f f i c e .  Based on t o p o g r a p h i c  and 

s l o p e  c h a r a c t e r i s t i c s ,  t h e  s i t e  was p l a c e d  i n t o  1 of 4  p h y s i o g r a p h i c  

t y p e s ,  a s  f o l l o w s :  1 )  s t r e a m  bottom - l e v e l  l a n d  a l o n g  t h e  stream's 

f l o o d  p l a i n ;  2 )  lower s l o p e  - g e n t l y  s l o p i n g  l a n d  a d j a c e n t  t o  t h e  f l o o d  

p l a i n ;  3 )  upper s l o p e  - s t e e p l y  s l o p i n g  l a n d  above t h e  lower s l o p e  

t y p e ;  and 4 )  r i d g e  - g e n t l y  s l o p i n g  l and  a l o n g  t h e  to};,£ t h e  r i d g e s .  A 

measure of s l o p e  was o b t a i n e d  by o c u l a r  e s t i m a t e  and expressed  a s  a  

p e r c e n t .  S u c c e s s i o n a l  s t a g e  o f  t h e  f o r e s t  a t  a  f e e d i n g  s i t e  was 
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c a t e g o r i z e d  a s  e i t h e r  c l o s e d  canopy (mature  f o r e s t ) ,  new gap ,  o l d  gap ,  

o r  open r i v e r i n e  ( d i s t u r b e d ) .  I n  t h e  new g a p  phase ,  a  l a r g e  f o r e s t  t r e e  

had r e c e n t l y  f a l l e n ,  c r e a t i n g  a n  opening i n  t h e  f o r e s t  canopy. I n  

c o n t r a s t ,  t h e  o l d g a p  phase  had a  new g e n e r a t i o n  of  s e e d l i n g s  growing i n  

t h e  open ing .  Open a r e a s  a l o n g  t h e  major s t r e a m s  were c l a s s i f i e d  as  open 

r i v e r i n e .  Canopy cover  was measured by t a k i n g  20 s i g h t i n g s  a t  1 m 

i n t e r v a l s  d i r e c t l y  above t h e  p l o t  th rough  an o c u l a r  t u b e  and r e c o r d i n g  

t h e ' p r e s e n c e  o r  absence  of canopy a t  each  s i g h t i n g  (James and S h u g a r t ,  

1970) .  Canopy cover  was e x p r e s s e d  a s  t h e  p e r c e n t a g e  of  t h e  s i g h t i n g s  

w i t h  canopy p r e s e n t .  The g e n e r a l  f o r e s t  t y p e  was de te rmined  by t h e  

p r e s e n c e  o f  i n d i c a t o r  s p e c i e s  nearby.  

H a b i t a t  A v a i l a b i l s a  

T r a n s e c t s .  I n f o r m a t i o n  on t h e  v e g e t a t i v e  c h a r a c t e r i s t i c s  of 

t h e  s t u d y  a r e a  was g a t h e r e d  from 14  t r a n s e c t s .  The 4 p h y s i o g r a p h i c  

t y p e s  were d e l i n a t e d  on a  topograph ic  map, and t h e  s t a r t i n g  p o i n t s  f o r  4 

t r a n s e c t s  were randomly p l a c e d  i n  each  t y p e ,  excep t  r i d g e  ( 2  t r a n s e c t s ) .  

Each t r a n s e c t ,  l a i d  o u t  a l o n g  a  compass b e a r i n g  p a r a l l e l  t o  t h e  l o n g e s t  

a x i s  of  t h e  h a b i t a t  p a t c h ,  was 400 m long  and d i v i d e d  i n t o  20 p o i n t s  a t  

20 m i n t e r v a l s .  Each p o i n t  a l o n g  t h e  t r a n s e c t  l i n e  was t r e a t e d  a s  a  

p o t e n t i a l  f e e d i n g  s i t e  and d e s c r i b e d  i n  t h e  same manner. I n f o r m a t i o n  

was r e c o r d e d  on canopy c o v e r ,  s u c c e s s i o n a l  s t a g e ,  and s l o p e .  

Woody s a p l i n g s  w i t h i n  the r h i n o  food  p l a n t  s i z e  c l a s s  ( s t em 

DBH between 0  .a and 3 . 2  cm) were enumerated a l o n g  each t r a n s e c  t us i11g 

t h e  p o i n t - c e n t e r  q u a r t e r  method ( M u e l l e r - ~ u m b o i s  and E l l e n b e r g ,  1974) .  

A t  each p o i n t ,  t h e  p l o t  was d i v i d e d  i n t o  4 q u a r t e r s  by a  l i n e  



p e r p e n d i c u l a r  t o  t h e  t r a n s e c t  l i n e .  Tile d i s t a n c e  t o  t h e  n e a r e s t  woody 

s a p l i n g  between 0.8 and 3 . 2  cm D1111 was r e c o r d e d  f o r  each q u a r t e r .  T h e  

l o c a l  name was n o t e d  f o r  each  s a p l i n g .  The amount of  l e a f  m a t e r i a l  i n  

t h e  f o r e s t  u n d e r s t o r y  was determined by e s t i m a t i n g  t h e  t o t a l  number of 

b i t e s  of  l e a f  a v a i l a b l e  a t  each s a p l i n g .  I n  a d d i t i o n ,  phenology of  t h e  

woody s a p l i n g s  was d e t e r m i n e d  by r e c o r d i n g  t h e  number of b i t e s  of  young 

and mature  l e a v e s  p r e s e n t  on each p l a n t .  

Kandom p o i n t s .  C e r t a i n  h a b i t a t  a t t r i b u t e s  were niore e a s i l y  

measured by p l a c i n g  random p o i n t s  on a  map of  t h e  s t u d y  a r e a  w i t h  t h e  

h a b i t a t  t y p e s  d e l i n e a t e d  (Mnrcum and L o f t s g a a r d e n ,  1980) .  Using a 100 m 

g r i d  o f  t h e  s t u d y  a r e a ,  t h e  X ,  y c o o r d i n a t e s  of 100 random p o i n t s  were 

g e n e r a t e d  by a  computer program ( P .  Conry, p e r s .  comm.). The e l e v a t i o n  

and p h y s i o g r a p h i c  t y p e  were recorded  from t h e  map f o r  each random p o i n t .  

The p r o p o r t i o n s  o f  t h e  s t u d y  a r e a  occup ied  by t h e  4 p h y s i o g r a p h i c  t y p e s  

and t h e  mean e l e v a t i o n  o f  t h e  s tudy  a r e a  were a d e q u a t e l y  e s t i m a t e d  by 

100 random p o i n t s .  

P l a n t  Chemist ry  

Food p l a n t s .  I n f o r m a t i o n  on t h e  chemica l  composi t ion of  food  

p l a n t s  was o b t a i n e d  f rom t h e  a n a l y s i s  of  l e a f  o r  stem m a t e r i a l  c o l l e c t e d  

f rom p l a n t s  e a t e n  by t h e  r h i n o s .  Samples c o n s i s t e d  o f  20-30 g  ( f r e s h  

weigl i t )  of  a s i n g l e  p l a n t  p a r t  (young l e a f ,  ma tu re  l e a f ,  o r  s tem) t a k e n  

i rom an i n d i v i d u a l  p l a n t  t h a t  had been e a t e n  by a r h i n o  a t  a  f e e d i n g  

s i t e .  Most of  t h e  samples  were c o l l e c t e d  from a  few long f e e d i n g  b o u t s  

d u r i n g  February  th rough  May 1981. I a t t e m p t e d  t o  c o l l e c t  samples  from 
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e v e r y  p l a n t  t h a t  had been e a t e n  by a  r h i n o  d u r i n g  a  f e e d i n g  b o u t ,  t h u s  

i n c l u d i n g  p l a n t s  t h a t  showed v a r i o u s  l e v e l s  of  u s e .  Because t h e  ~ l a n t s  

c o u l d  n o t  be  i d e n t i f i e d  a t  t h e  t ime  of  c o l l e c t i o n ,  t h e  p l a n t  t axon  of a  

sanlple was no t  known u n t i l  t h e  chemical  a n a l y s e s  had been completed.  

C o l l e c t e d  m a t e r i a l s  were  i n i t i a l l y  h e l d  i n  s e a l e d  p l a s t i c  bags .  A f t e r  

r e t u r n i n g  t o  camp, each  sample was h e a t e d  i n  a  p o r t a b l e  ke rosene  oven a t  

50 t o  60' C f o r  a t  l e a s t  1 h o u r ,  then  a l lowed  t o  a i r - d r y  i n  open bags  

u n t i l  d e l i v e r e d  t o  a  l a b o r a t o r y .  A t  Highlands  Resea rch  U n i t ,  Kelang,  

M a l a y s i a ,  t h e  p l a n t  samples  were oven-dr ied  a t  55' C ,  t hen  ground t o  

p a s s  th rough  a  1 mm s c r e e n .  

The t o t a l  c o n t e n t  o f  s e l e c t e d  m i n e r a l  e l ements  and n i t r o g e n  

(NI were a s s e s s e d  i n  a l l  samples  by Highlands  Resea rch  Uni t  f o l l o w i n g  

s t a n d a r d  p r o c e d u r e s .  The N c o n t e n t  was de te rmined  by t h e  K j e l d a h l  

method and e s t i m a t e s  o f  c r u d e  p r o t e i n  o b t a i n e d  f rom N X 6.25. 

Phosphorus ( P )  c o n t e n t  was determined u s i n g  Vanando-Molybdate 

c a l o r i m e t r y ,  p o t a s s i u m  ( K )  u s i n g  a  f lame pho tomete r ,  and ca lc ium (Ca) 

and magnesium ( ~ l g )  u s i n g  a n  a tomic  a b s o r p t i o n  spec t ropho tomete r .  The 

d r i e d  p l a n t  m a t e r i a l  r emain ing  f rom t h e  p r e v i o u s  a s s s a y s  was s e a l e d  i n  

p l a s t i c  bags ,  t h e n  sh ipped  t o  t h e  Phy tochemis t ry  Research L a b o r a t o r y ,  

U n i v e r s i t y  o f  S t r a t h c l y d e ,  UK. D r .  P. Waterman a s s a y e d  t h e s e  samples 

f o r  t o t a l  p h e n o l i c  c o n t e n t  ( T P ) ,  condensed t a n n i n s  (CT), and a c i d  

d e t e r g e n t  f i b e r  (ADF)  (waterman e t  a l . ,  1980) .  A l l  chemical  p a r a m e t e r s  

were e x p r e s s e d  a s  p e r c e n t  d r y  weight .  

Non-food p l a n t s .  Pfa ture  l e a f  m a t e r i a l  was c o l l e c t e d  f rom t h e  

n e a r e s t  non-food p l a n t  a t  a l t e r n a t e  p o i n t s  a l o n g  3 o f  t h e  v e g e t a t i v e  
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t r a n s e c t s ,  1 each i n  t h e  s t ream bottom, lower  s l o p e ,  and upper  s l o p e  

p h y s i o g r a p h i c  t y p e s ,  t o  use  a s  a  c o n t r o l  f o r  compar isons  w i t h  t h e  food  

p l a n t s .  A f t e r  t h e s e  p l a n t s  had been i d e n t i f i e d ,  a l l  g e n e r a  t h a t  

composed more than  1.5% of t h e  d i e t  were exc luded  from t h e  g roup ,  

l e a v i n g  a  t o t a l  of 27 mature  l e a f  samples.  T h i s  group probably  c o n t a i n s  

non-food p l a n t s  t h a t  a r e  common i n  t h e  h a b i t a t ,  p l a n t  t a x a  t h a t  a r e  

uncommon and i n f r e q u e n t l y  e a t e n ,  and p l a n t s  t h a t  a r e  so  r a r e  i n  t h e  

h a b i t a t  t h a t  they  a r e  seldom e a t e n .  These l e a f  s a n ~ p l e s  were hand led  

l i k e  t h e  food  p l a n t s  and assayed  f o r  t h e  same chemica l  components. 

Data Analyses  

Data o r g a n i z a t i o n .  The b a s i c  l e v e l  o f  o r g a n i z a t i o n  f o r  nlost 

of  t h e  d a t a  c o l l e c t e d  d u r i n g  t h i s  s tudy  was t h e  f e e d i n g  s i t e ,  each  p l a n t  

t h a t  was e a t e n  by a  r h i n o ;  o r  a  randomly l o c a t e d  p l o t ,  a  p o t e n t i a l  

f e e d i n g  s i t e .  In fo rmat ion  on h a b i t a t  a t t r i b u t e s  and f e e d i n g  a c t i v i t i e s  

f o r  each f e e d i n g  s i t e  was e n t e r e d  a s  an o b s e r v a t i o n  i n t o  a  computer d a t a  

f i l e .  The d a t a  were a n a l y z e d  on t h e  DECSYSTEtI-2050 computer sys tem a t  

t h e  U n v e r s i t y  of Montana Computer Center .  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  (SFSS) (Nie e t  a l . ,  1975)  and t h e  BFlDP Biomedical  

Computer Programs (Dixon and Brown, 1979) s o f t w a r e  computer packages 

were used e x t e n s i v e l y  f o r  d a t a  m a n i p u l a t i o n ,  summarizat ion,  and 

s t a t  i .s t  i c a l  a n a l y s e s .  

H a b i t a t  s e l e c t i o n .  Sumatran r h i n o  use  o f  h a b i t a t  a t t r i b u t e s  

a t  f e e d i n g  s i t e s  was de te rmined  by c a l c u l a t i n g  t h e  p r o p o r t i o n  of f e e d i n g  

c a s e s  i n  each h a b i t a t  c a t e g o r y .  D i s c r e t e  v a r i a b l e s  ( p h y s i o g r a p h i c  t y p e  

and s u c c e s s i o n a l  s t a g e )  were coded a s  1, 2 ,  3 ,  o r  4 t o  r e f l e c t  a  



Page 101  

g r a d i e n t  of i n c r e a s i n g  s t e e p n e s s  o r  canopy c l o s u r e .  For con t inuous  

v a r i a b l e s  (canopy c o v e r ,  s l o p e ,  and e l e v a t i o n ) ,  t h e  mean response  f o r  

each  was e s t i m a t e d  f rom t h e  d a t a .  

P r i n c i p a l  components a n a l y s i s  (Cooley and Lohnes, 1971) was 

conduc ted  on t h e  h a b i t a t  d a t a  t o  i n v e s t i g a t e  t h e  c o r r e l a t i o n s  of t h e  

h a b i t a t  v a r i a b l e s  w i t h  a  r educed  s e t  of  independent  f a c t o r s  (components)  

t h a t  accoun t  f o r  known p r o p o r t i o n s  of t h e  t o t a l  v a r i a n c e  of t h e  d a t a  

s e t .  The 2 p r i n c i p a l  components t h a t  c o n t a i n e d  t h e  most v a r i a n c e  were 

e x t r a c t e d  from t h e  c o r r e l a t i o n  m a t r i x  f o r  t h i s  a n a l y s i s .  

For t h e  d i s c r e t e  v a r i a b l e s ,  t h e  p r o p o r t i o n a t e  use  of  each 

h a b i t a t  a t t r i b u t e  a t  f e e d i n g  s i t e s  was compared t o  t h e  a v a i l a b i l i t y  of  

t h e  same v a r i a b l e  i n  t h e  s t u d y  a r e a  a s  de te rmined  by v e g e t a t i v e  

t r a n s e c t s  o r  random p o i n t s .  H a b i t a t  s e l e c t i o n  a t  f e e d i n g  s i t e s  was 

d e f i n e d  a s  p r o p o r t i o n a t e  use  o f  a  h a b i t a t  a t t r i b u t e  s i g n i f i c a n t l y  

d i f f e r e n t  t h a n  t h e  a v a i l a b i l i t y  o f  t h a t  a t t r i b u t e  i n  t h e  h a b i t a t  

( ~ e t r i d e s ,  1975) .  The n u l l  h y p o t h e s i s  t h a t  t h e  r h i n o s  used each h a b i t a t  

c a t e g o r y  i n  p r o p o r t i o n  t o  i t s  o c c u r r e n c e  i n  t h e  s t u d y  a r e a  was 

s t a t i s t i c a l l y  t e s t e d  u s i n g  a  ch i - squared  t e s t  o f  homogenity ( ~ a r c u m  and 

L o f t s g a a r d e n ,  1980) .  I f  t h e  n u l l  h y p o t h e s i s  was a c c e p t e d ,  I concluded 

t h a t  no s e l e c t i o n  f o r  t h a t  h a b i t a t  a t t r i b u t e  had o c c u r r e d  a t  P=0.10 

l e v e l  of  s i g n i f i c a n c e .  R e j e c t i o n  of t h e  n u l l  h y p o t h e s i s  i n d i c a t e d  t h a t  

s e l e c t i o n  had o c c u r r e d .  Using t h e  B o n f e r r o n i  approach ,  90% s i m u l t a n e o u s  

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  between p r o p o r t i o n a t e  use  and 

a v a i l a b i l i t y  f o r  each  h a b i t a t  c a t e g o r y  were c o n s t r u c t e d .  P o s i t i v e  

s e l e c t i o n  f o r  a  h a b i t a t  c a t e g o r y  was d e f i n e d  a s  p r o p o r t i o n a t e  use  
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s i g n i f i c a n t l y  g r e a t e r  t h a n  a v a i l a b i l i t y  and n e g a t i v e  s e l e c t i o n  a s  

p r o p o r t  i o n a t e  use ~ i g n i f  i c a n t  l y  l e s s  t h a n  a v a i l a b i l i t y .  For c o n t i n u o u s  

d a t a  (canopy c o v e r ,  s l o p e ,  and e l e v a t i o n ) ,  t h e  sample means f o r  each 

g roup  were compared u s i n g  a  2-sample t - t e s t .  

Diet c o m p o s i t i ~ .  B o t a n i c a l  c o m p o s i t i o n  of  r h i n o  d i e t s  was 

c a l c u l a t e d  a s  p e r c e n t a g e s  of  t h e  t o t a l  r e c o r d e d  number of b i t e s  f o r  a l l  

f e e d i n g  o b s e r v a t i o n s  d u r i n g  t h e  s t u d y  p e r i o d .  It  was assumed t h a t  no 

s e a s o n a l  d i f f e r e n c e s  i n  d i e t  e x i s t e d .  Because o f  problems i n  t h e  

i d e n t i f i c a t i o n  of  p l a n t  m a t e r i a l s ,  d i e t  compos i t ion  was e x p r e s s e d  i n  

t e rms  o f  p l a n t  f a m i l i e s  and g e n e r a .  A l l  p l a n t  t a x a  e a t e n  by r h i n o s  were 

c o n s i d e r e d  a s  food  p l a n t s .  Because many of  t h e  p l a n t  t a x a  were e a t e n  

r a r e l y ,  p l a n t  t a x a  c o n t r i b u t i n g  more t h a n  1.5% o f  t h e  d i e t  were d e f i n e d  

a s  p r i n c i p a l  food  p l a n t s ,  o r  p l a n t s  t h a t  t h e  r h i n o s  a t e  i n  g r e a t e s t  

q u a n t i t i e s  ( P e t r i d e s ,  1975) .  A u s e  index  f o r  each  f e e d i n g  s i t e  was 

c a l c u l a t e d  by d i v i d i n g  t h e  number of b i t e s  removed by t h e  number of 

b i t e s  a v a i l a b l e  on t h e  p l a n t .  T h i s  i n d e x  was c o n s i d e r e d  a  measure of  

f o r a g e  p r e f e r e n c e  ( ~ e t r i d e s ,  1975) .  The p r o p o r t i o n  of  f r u i t s  i n  t h e  

d i e t  was n o t  de te rmined  q u a n t i t a t i v e l y  because  o f  d i f f i c u l t i e s  i n  

d e t e r m i n i n g  t h e  number o f  f r u i t s  e a t e n  f rom t h e  f o r e s t  f l o o r .  D i e t  

p r o p o r t i o n s  by p l a n t  p a r t  (young l e a f ,  ma tu re  l e a f ,  s tem) were computed 

by w e i g h t i n g  t h e  t o t a l  number of  b i t e s  o f  each  t y p e  by t h e  weight  of 1 

s t a n d a r d  b i t e  of  l e a f  (2.4 g )  o r  stem (1 .4  g ) .  Food p l a n t s  were 

c h a r a c t e r i z e d  (pl iys ica  l l y  and e c o l o g i c a l l y )  by computing parnmeter  nleans 

o r  p r o p o r t i o n s .  

Food a v a i l a b i l i t y .  The amount o f  f o o d  a v a i l a b l e  i n  t h e  f o r e s t  



u n d e r s t o r y  was e s t i m a t e d  by t h e  enumerat ion of  s a p l i n g s  a l o n g  t r a n s e c t s  

u s i n g  t h e  p o i n t - c e n t e r  q u a r t e r  method (Mueller-Dumbois and E l l e n b e r g ,  

1974) .  I f  t h e  stem DBH of  a  woody s a p l i n g  was w i t h i n  l s t a n d a r d  

d e v i a t i o n  of  t h e  o v e r a l l  mean f o r  a11  s tems e a t e n  (1.9 cm), t h e  p l a n t  

was c o n s i d e r e d  t o  be  a v a i l a b l e  t o  a p o t e n t i a l  f o r a g i n g  r h i n o .  The mean 

d i s t a n c e  f rom t h e  c e n t e r  p o i n t  t o  t h e  n e a r e s t  a v a i l a b l e  s a p l i n g  i n  e a c h  

q u a r t e r  was computed f o r  each p h y s i o g r a p h i c  t y p e  t o  o b t a i n  a  measure of 

woody s a p l i n g  d e n s i t y ,  e x p r e s s e d  a s  s terns lha .  The h y p o t h e s i s  t h a t  a l l  

p h y s i o g r a p h i c  t y p e s  c o n t a i n e d  t h e  same woody s a p l i n g  d e n s i t y  was t e s t e d  

w i t h  a  l-way a n a l y s i s  of  v a r i a n c e  (ANOVA). ~ c h e f f e ' s  m u l t i p l e  r a n g e  

t e s t  was used t o  d e t e c t  d i f f e r e n c e s  i n  mean s a p l i n g  d e n s i t y  among t h e  

p h y s i o g r a p h i c  t y p e s  (Soka l  and Rolf , 1969) .  

The biomass o f  ma ture  l e a f  f o r a g e  a v a i l a b l e  i n  t h e  f o r e s t  

u n d e r s t o r y  was e s t i m a t e d  by m u l t i p l y i n g  t h e  mean weight  of a  s t a n d a r d  

b i t e  of l e a f  (2.4 g )  t i m e s  t h e  mean number of  b i t e s l p l a n t  t imes  t h e  mean 

d e n s i t y  of  s t emsfha  f o r  each h a b i t a t  type .  Because of  t h e  l a r g e  

s t a n d a r d  e r r o r  of  such  a n  e s t i m a t e ,  t h e  mean biomass o f  l e a f  m a t e r i a l  

p e r  ha was n o t  t e s t e d  f o r  s t a t i s t i c a l  d i f f e r e n c e s  among t h e  h a b i t a t  

t y p e s .  

Unders tory  phenology was e x p r e s s e d  a s  t h e  p r o p o r t i o n  of s tems 

w i t h  young l e a f  p r e s e n t ,  t h e  mean number of  b i t e s  o f  young l e a f  p r e s e n t ,  

and t h e  mean p e r c e n t a g e  o f  young l e a f  a t  each stem. 

D i e t  g u a l i t ~ .  Chemical compos i t ion  o f  r h i n o  d i e t s  w a s  

c a l c u l a t e d  a s  t h e  sum of mean f o r a g e  chemica l  v a l u e s  t imes  weighted d i e t  

p e r c e n t a g e s  (Hobbs e t  a l . ,  1981) .  For p l a n t  t a x a  w i t h  no chemical  
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compos i t ion  i n f o r m a t i o n  a v a i l a b l e ,  t h e  mean f o r  t h e  p l a n t  f ami ly  was 

used .  The i n t e r c o r r e  l 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  v a r i a b l e s  were 

examined u s i n g  p r i n c i p a l  component a n a l y s i s  (PcA)  (Cooley and Lohnes, 

1971) .  PCA a n a l y s i s  r educed  t h e  d i m e n s i o n a l i t y  o f  t h e  problem under 

s t u d y ,  t h u s  c l a r i f i n g  p a t t e r n s  p r e s e n t  i n  t h e  d a t a .  The f i r s t  2 

p r i n c i p a l  components t h a t  c o n t a i n e d  most of  t h e  d a t a  s e t ' s  v a r i a n c e  were 

e x t r a c t e d  from t h e  c o r r e l a t i o n  m a t r i x .  Each a x i s  was r o t a t e d  by t h e  

v a r i n ~ a x  p rocedure  t o  make t h e  components more i n t e r p r e t a b l e  a s  r e a l  

f a c t o r  S.  

Food s e l e c t i o n .  R e l a t i o n s h i p s  between food  s e l e c t i o n  and 

p l a n t  c h e m i s t r y  were examined i n  terms o f  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  

chemica l  compos i t ion  o f  p l a n t  t a x a ,  o r  p l a n t  p a r t s ,  grouped by s e v e r a l  

c r i t e r i a .  A t  t h e  u n i v a r i a t e  l e v e l ,  p a i r e d  t - t e s t s  were used t o  t e s t  

d i f f e r e n c e s  between t h e  chemica l  compos i t ion  of  ma ture  l e a f  and stem 

m a t e r i a l .  A 2-sample t - t e s t  was used t o  t e s t  f o r  d i f f e r e n c e s  i n  means 

f o r  each  v a r i a b l e  between p l a n t  samples grouped by food and non-food 

p l a n t s .  

Because of  t h e  m u l t i v a r i a t e  n a t u r e  o f  t h e  d a t a ,  d i s c r i m i n a t e  

f u n c t i o n  a n a l y s i s  (DFA) (Cooley and Lohnes,  1971)  was used t o  c l a s s i f y  

t h e  p l a n t  t a x a  i n t o  p rede te rmined  groups  based on l i n e a r  combina t ions  o f  

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

maximizes d i f f e r e n c e s  among s p e c i e s  g r o u p s ,  based on t h e i r  chemica l  

compos i t  ion.  Kcmaining d i s c r i m i n a n t  f u n c t i o n s  accoun t  f o r  succeso  i v e l y  

s m a l l e r  amounts of  t h e  d i f f e r e n c e  among g roups .  Disc r  iminant- funct  i o n  

s c o r e s  a r e  o r t h o g o n a l  ( ~ l o r r i s o n ,  19671, and because  each s c o r e  
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summarizes i n f o r m a t i o n  f rom 8  pa ramete r s ,  t h e  d i s c r i m i n a n t  space  

c o r r e s p o n d s  t o  a  "chemical  hyperspace"  ( G a r t e n ,  1978) .  Because t h e  

maximum number of  d i s c r i m i n a n t  f u n c t i o n s  t h a t  can  be  d e r i v e d  i s  l l e s s  

t h a n  t h e  number o f  g r o u p s ,  on ly  1 o r  2 f u n c t i o n s  were p o s s i b l e  depend ing  

on t h e  number of g r o u p s .  For t h e  DFA a n a l y s i s ,  p l a n t  t a x a  were grouped 

by t h e  f o l l o w i n g  c r i t e r i a :  1 )  p r i n c i p a l ,  n o n - p r i n c i p a l ,  and non-food 

p l a n t s  and 2) h i g h  use  i n d e x ,  low use i n d e x ,  and non-food p l a n t s .  

RESULTS 

Feed ing  Behavior  

Rhino t r a c k s  were fo l lowed  on 43 o c c a s i o n s  dur ing  25 

e x p e d i t i o n s  i n t o  t h e  s t u d y  a r e a .  Of ten ,  f r e s h  r h i n o  t r a c k s  were 

d i f f i c u l t  t o  l o c a t e  because  o f  t h e  low d e n s i t y  of  an imals  and poor 

wea the r  c o n d i t i o n s .  During some of t h e  t r i p s  i n t o  t h e  s tudy  a r e a ,  f r e s h  

r h i n o  t r a c k s  were  n o t  found .  Often t r a c k s  were  d i f f i c u l t  t o  f o l l o w  mvre 

t h a n  a few hundred  m e t e r s ,  even w i t h  t h e  a s s i s t a n c e  of a  s k i l l e d  n a t i v e  

t r a c k e r .  F a l l e n  l e a v e s  o b s c u r e d  t r a c k s  and r e d u c e d  t h e  dep th  of  t h e  

i n ~ p r e s s i o n  made by t h e  animals '  t o e n a i l s .  Because of  t h e  t ime  r e q u i r e d  

t o  l o c a t e  t r a c k s  and r e c o r d  d a t a ,  t r a c k s  c o u l d  be  foll.owed a maximum o f  

2 km a day. Thus,  t h e  d i s t a n c e  t h a t  a p a r t i c u l a r  s e t  of t r a c k s  were 

f o l l o w e d  (a f e e d i n g  b o u t )  was q u i t e  v a r i a b l e ,  r a n g i n g  from 1 t o  4000 m 

( ~ 4 5 0  m ) ,  f o r  a  t o t a l  d i s t a n c e  of 36 km. 

A l t o g e t h e r ,  342  c a s e s  o f  r h i n o  f e e d i n g  were r e c o r d e d  d u r i n g  



t h i s  s t u d y ,  an a v e r a g e  of  7.7 c a s e s  p e r  f e e d i n g  bout .  Ninety  o f  t h e  

o b s e r v a t i o n s  were r e c o r d e d  i n  1979 and 252 d u r i n g  1980-81. A l l  

o b s e r v a t i o n s  f o r  bo th  y e a r s  were pooled f o r  t h e  a n a l y s e s  because  o f  

s m a l l  sample s i z e s  and l a c k  of  s i g n i f i c a n t  s e a s o n a l  c l i m a t i c  f a c t o r s .  

Most of t h e  d a t a  i n  bo th  t ime  p e r i o d s  were c o l l e c t e d  d u r i n g  t h e  

r e l a t i v e l y  d r y  months of  February  t o  May. 

Method of f e e d i n g .  Sumatran r h i n o s  l e f t  obv ious  e v i d e n c e  o f  

t h e i r  f e e d i n g  a c t i v i t i e s .  U s u a l l y ,  t h e s e  an imals  browsed o n l y  1 

i n d i v i d u a l  p l a n t  a t  a f e e d i n g  s i t e .  Thus,  each  p l a n t  e a t e n  by a  r h i n o  

d u r i n g  a  f e e d i n g  bout  cou ld  be e a s i l y  de te rmined .  Depending o n  a  

p l a n t ' s  l i f e  form and s i z e ,  t h e  r h i n o s  a t t a c k e d  t l ie  p l a n t  d i f f e r e n t l y  

( F i g .  2 ) .  S h o r t  p l a n t s  were browsed f rom above w i t h o u t  damaging t h e  

main stem. T h i s  f e e d i n g  method was o b s e r v e d  on woody and he rbaceous  

p l a n t s .  Large  woody s a p l i n g s  were u s u a l l y  pushed o r  t h e  main steal  

broken t o  b r i n g  t h e  l e a v e s  w i t h i n  r e a c h  of  t h e  animals '  mouths. Woody 

s a p l i n g s  w i t h  s m a l l  s tem d i a m e t e r s  were broken by t h e  animal  g r a s p i n g  

t h e  main stem i n  i t s  mouth and t w i s t i n g  i t s  head sideways.  Rhinos 

pushed s a p l i n g s  w i t h  l a r g e  stem d i a m e t e r s  t o  t h e  ground by wa lk ing  o v e r  

t h e  main stem. Sometimes, t h e  r h i n o s  p l a c e d  t h e i r  f e e t  a g a i n s t  t h e  main 

s tem,  b r e a k i n g  i t  n e a r  t h e  ground. A f t e r  b r e a k i n g  o r  pushing t h e  p l a n t ,  

t h e  r h i n o s  browswed t h e  l e a v e s  and s m a l l e r  s t ems ,  u s u a l l y  a f t e r  wa lk ing  

a l o n g  t h e  main stem. Of ten ,  on ly  l e a v e s  and  s tems o n  t h e  u p p e r s i d e  of  

t h e  ~ a p l i n g  were e a t e n .  1 Lound no c o n c l u ~ i v e  ev idence  of an imals  

e a t i n g  b a r k ,  a l t h o u g h  t h i s  h a s  been r e p o r t e d  by o t h e r  a u t h o r s  (Elubback, 

1939; S t r i c k l a n d ,  1967) .  I n  most c a s e s  where b a r k  appeared t o  have  been 
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Fig. 2. Method of feeding by Sumatran rhinos on understory plants. 



removed, t h e  animal  a y p a r e ~ ~ t l y  rubbed t h e  bark  o f f  wi th  i t s  horn  o r  

f o o t .  

Sometimes, r h i n o  t r a i l s  l e d  t o  f o r e s t  t r e e s  t h a t  were 

F r u i t i n g .  A p p a r e n t l y ,  t h e  r h i n o s  were e a t i n g  t h e  f r u i t s  by p i c k i n g  them 

up w i t h  t h e i r  n ~ o u t h s ,  consuming them whole. T h i s  b e l i e f  was suppor t  c d  

by t h e  p r e s e n c e  of  whole f r u i t s  i n  dung samples .  Because of  t h e  

d i f f i c u l t y  i n  de te rming  t h e  number of  f r u i t s  e a t e n  a t  a  s i t e ,  I was 

u n a b l e  t o  q u a n t i t y  t h e  r e l a t i v e  amount of  f r u i t  e a t e n  by t h e  r h i n o s .  

H a b i t a t  --- S e l e c t i o n  

H a b i t a t  s e l e c t i o n  by f o r a g i n g  r h i n o s  was determined by a n  

a n a l y s i s  of  h a b i t a t  a t t r i b u t e s  measured a t  338 f e e d i n g  s i t e s .  A 

p r i n c i p a l  components a n a l y s i s  of  t h e  h a b i t a t  v a r i a b l e s  c l e a r l y  showed 

t h a t  2 major  f a c t o r s  had bee11 measured,  physiography and canopy cover  

( ~ i g .  3 ) .  P h y s i o g r a p h i c  type  was s t r o n g l y  c o r r e l a t e d  w i t h  e l e v a t i o n ,  

s l o p e ,  and t h e  d i s t a n c e  from tile r leares t  s trenni i n  t h e  f i r s t  p r i n c i p a l  

component. S u c c e s s i o n a l  s t a g e  was s t r o n g l y  c o r r e l a t e d  w i t h  canopy c o v e r  

i n  t h e  second p r i n c i p a l  component. The f i r s t  2 p r i n c i p a l  components 

accoun ted  f o r  76% of  t h e  v a r i a n c e  i n  t h e  d a t a  s e t .  

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

r e l a t i o n s h i p  w i t h  physiograplly.  About 59% o f  t h e  f e e d i n g  s i t e s  were i n  

t h e  s t r eam bottom type  ( ~ i g .  l ) ,  wi th  34% cm t h e  lower s l o p e s  a d j a c e n t  

t o  t h e  s t r eams .  A comparison of  t h e  p r o p o r t i o n a t e  use  of t h e s e  

phys iugrap l l i c  t y p e s  w i t h  t h e i r  a v a i l a b i l i t y  showed s t r o n g  s e l e c t i o n  f o r  

t h e  s t r eam bottom and lower s l o p e  types  ( ~ i g .  4 ) .  Likewise ,  upper 

s l o p e s  were s e l e c t e d  a g a i n s t .  The mean e l e v a t i o n  of  f e e d i n g  s i t e s  (478 
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Fig. 4. Proportionate use of physiographic types for feeding sites by 
Sumatran rhinos compared with their availability in the study area as 
determined by 100 random points (X2=186, df=3, P<0.001).  A + or - 
indicates use significantly different than the availability of the 
habitat category (P(0.1). 



m )  was s i . g n i f i c n n t l y  lower than   he nlcan c l e v i l t i o n  of tllc s tudy  arcb:] 

(542 m )  ( t z 8 . 0 ,  df-417,  P<0.001; Fig .  5 ) .  J.ikewise, t h e  r h i n o s  b c l e c t e d  

f e e d i x ~ g  s i t c t i  wit11 a mcnn s l ope  (6.3X) 1.ess tllnn tlic! mean (17.3X) o f  tlrcl 

s t u d y  a r c a  ( t = 7 . 2 ,  df=587,  P(0.001; F ig .  6 ) .  The d i s t a n c e  between 

fecdinp,  s i t e s  and t h e  n e a r e s t  strt!:~ni wi th  a  pcrrr~nnent f low w a s  143 In. 

Rhino s e l e c t i o n  o f  t h e  canopy cover  h a b i t a t  a t t r  i b u t c  a t  

f  ced ing  s i t e s  was a p p a r e n t  bu t  more d i f f i c u l t  t o  i n t e r p r e t .  The mean 

percent. canopy cover  a t  f e e d i n g  s i t c s  (63%) was sig1li.f i c a n t l y  l e ss  than  

t h e  mean f o r  t h e  s t u d y  a r e a  (931) ( t = 9 . 2 ,  d f=578 ,  P<0.001; F i g .  7 ) .  I n  

t e rms  o f  s u c c e s s i o n a l  s t a g e ,  t h e  r h i n o s  showed a s i g ~ ~ i f i c a n t  p o s i t  j.ve 

s e l e c t i o n  f o r  t h e  o l d  gap  c a t e g o r y  ( F i g .  8 ) .  Likewise ,  t h e  use  of t h e  

c l o s e d  canopy f o r e s t  (63%) was l e s s  Lhan i t s  a v a i l a b i l i t y  i n  t h e  strrdy 

a r e a  (83x1. IJo s i g n i f i c a n t  d i f f e r e n c e  was f o i ~ n d  between use and 

a v a i l a b i l i t y  of  t h e  new g a p  and r i v e r i n e  t y p e s .  By c o l l a p s i n g  t h e  

number of s u c c e s s i o n a l  s t a g e  c a t e g o r i e s  i n t o  g a p  and non-gap s i t e s ,  t h e  

d i m e n s i o n a l i t y  of t h e  problem was reduced.  The r h i n o s  f e d  i n  f o r e s t  

gaps  35% of t h e  t i m e ,  s i g n i f i c a n t l y  h i g h e r  t h a n  t h e i r  a v a i l a b i l i t y  

(15%).  Also ,  44.6% of  t h e  t o t a l  number of r h i n o  b i t e s  were a t  f e e d i n g  

s i t e s  l o c a t e d  i n  f o r e s t  g a p s ,  a l though  t h e  nienn number of b i t e s  p e r  

p l a n t  was n o t  s i g n i f i c a n t l y  h i g h e r  (11=0.30). T h e s e  r h i n o s  uset1 smnl.1 

f o r e s t s  gaps  f o r  f e e d i n g  mvre than t h e i r  a v a i l a b i l i t y ,  i n d i c a t i n g  a  

s e l e c t i o n  f o r  s r t a l l  c p e n  areas. On the o l ; l ~ e r  hand,  a m a j o r i t y  o f  tile 

f e e d i n g  ca se s  (63%) was i n  t h e  c l o s e d  canopy f o r e s t .  Although t h e  

r h i n o s  showed n s e l e c t i o n  f o r  s m a l l  f o r e s t  g a p s  f o r  f e e d i n g  s i t e s ,  t h e  

c l o s e d  cnnopy f o r e s t  was s t i l l  an  impor tan t  h a b i t a t  f o r  f e e d i n g .  



FEEDING TRANSECT 
SITES POINTS 

Fig .  5 .  Elean e l e v a t i o n  of Sumatran r h i n o  f eed ing  s i t es  (P=478 m ,  SD.71, 
n=319) compared w i t h  t h e  mean e l e v a t i o n  of t h e  s t u d y  a r e a  as determined 
by random p o i n t s  ( R = 5 4 2 ,  SD.67, n=100).  Each mean i s  bounded by a 952 
con f idence  i n t e r v a l .  
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F i g .  6 .  Mean p e r c e n t  s l o p e  of Sumatran r h i n o  Feeding s i t e s  11=8.3, SD=10, 
n=309) compared with t h e  mean slope of  the s t u d y  a r e a  (??=17.3, SD=17, n= 
280). Each mean is bounded by a 952 conf idence  interval. 
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FEEDING TRANSECT 
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F i g .  7 .  Mean p e r c e n t  canopy c o v e r  of Surnatran r h i n o  f e e d i n g  s i t e s  ( ~ = 8 3 .  
SD=lG,  n=300) compared w i t h  the mean p e r c e n t  canopy c o v e r  o f  t h e  s t u d y  
area ( ~ = 9 3 ,  SD=9, n=280) .  Each mean is  bounded by a 95% c o n f i d e n c e  i n t e r -  
v a l .  
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F i g .  8. P r o p o r t i o n a t e  u s e  of  s u c c e s s i o n a l  s t a g e s  f o r  f e e d i n g  s i t e s  
by  S u x a t r a n  r h i n o s  coinpared w i t h  t h e i r  a v a i l a b i l i t y  i n  t h e  s t u d : r  
a r e a  as d e t e r m i n e d  by 280 t r a n s e c t  p o i n t s  (x2=30, d f = 3 ,  H 0 . 0 0 1 ) .  
A + o r  - i n d i c a t e s  u s e  s i g n i f i c a n t l y  d i f f e r e n t  t h a n  t h e  a v a i l a b i l i t y  
of t h a t  h a b i t a t  c a t e g o r y  (P(0 .1) .  



Die t  Cor;~positio_n 
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P l a n t  l i f e  form. Woody s a p l i n g s  wcre t h e  dominant p l a n t  l i f e  
-p- 

form type  (95.6X) s e l e c t e d  f o r  f e e d i n g  ( F i g .  9 ) .  Woody s a p l i n g s  

c o n s i s t e d  of s h r u b s ,  s m a l l  u n d e r s t o r y  t r e e s ,  and j u v e n i l e s  of  mid-canopy 

and l a r g e  emergent t r e e s .  Woody c l i m b e r s  ( v i n e s )  were t h e  n e x t  nlost 

f r e q u e n t l y  e a t e n  p l a n t  form (3 .5%).  Of t e n  t h e s e  c l i m b e r s  were growing 

on s a p l i n g s  t h a t  were  consumed by t h e  r h i n o s .  Some f e e d i n g  on c l i m b e r s  

appeared  a lmost  i n c i d e n t a l  t o  e a t i n g  t h e  s a p l i n g s .  Only 2 palms and 1 

herbaceous  p l a n t  wcre  consumed, and i n  each  c a s e  l i t t l e  f o l i a g e  was 

removed. 

Rhinos s e l e c t e d  p l a n t s  w i t h i n  a  narrow range of stem d i a m e t e r s  

f o r  f e e d i n g .  The stem d i a m e t e r  a t  b r e a s t  h e i g h t  (DBH) v a r i e d  from 0.4 

t o  6 .0  cm (F=1.9 cm, SDE1.l, n=317) ;  abou t  682 of  t h e  p l a n t s  had steni 

d i a m e t e r s  between 0.8 and 3 .3  cm. Woody s a p l i n g s  w i t h  l a r g e  stem 

d i a m e t e r s  were se ldom s e l e c t e d  f o r  f e e d i n g  because  t h e  stems were 

p robab ly  d i f f i c u l t  t o  push o r  break.  The h e i g h t  of  food  p l a n t s  was more 

v a r i a b l e  and had l e s s  i n f l u e n c e  on food  s e l e c t i o n  (Z=3.3 m ,  SD=1.8, 

n=301).  U s u a l l y ,  s t e m s  t a l l e r  t h a n  1 .5  m were broken o r  pushed t o  t h e  

ground s o  t h e  l e a v e s  would be a v a i l a b l e  f o r  f e e d i n g .  

B o t a n i c a l  c o m p o s i t i o n .  During t h e  s t u d y ,  11,818 r h i n o  b i t e s  

on 342 i n d i v i d u a l  p laxl ts  were recorded .  The food  p l a n t s  c o n s i s t e d  of  49 

f a m i l i e s ,  102 g e n e r a ,  2nd f rom 156 t o  181 s p e c i e s .  I d e n t i f i c a t i o l l  of 

f o o d  p l a n t s  proved t o  be  a  d i f f i c u l t  problem. Recause p l a n t s  could  no t  

be i d e n t i f i e d  i n  t h e  f i e l d ,  a  l e a f  sample was c o l l e c t e d  from each p l a n t  

f o r  l a t e r  i d e n t i f i c a t i o n  by f o r e s t  b o t a n i s t s .  These b o t a n i s t s  had 
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Fig. 9. Proportion of plant life forms in Sumatran rhino diets. 



d i f f i c u l t i e s  i n  i d e n t i f y i n g  t h e  p l a n t s  t o  s p e c i e s  because only  s t e r i l e  

samples  were a v a i l a b l e  from my c o l l e c t i o n s ,  l i t t l e  p l a n t  c o l l e c t i n g  bar; 

been done i n  t h e  Endau-Rompin r e g i o n ,  and t h e  Laxunomy of many 

u n d e r s t o r y  p l a n t s ,  e s p e c i a l l y  t h e  Rubiaceae,  was poor ly  known. T h u s ,  

o n l y  about 701 of  t h e  p l a n t  samples were i d e n t i f i e d  t o  s p e c i e s ,  b u t  most 

o f  them were c l a s s i f i e d  t o  genus.  The food p l a n t  l i s t  c o n t a i n e d  s e v e r a l  

new r e c o r d s  f o r  t h e  r e g i o n  and p o s s i b l y  2 new s p e c i e s  (K. Kochummen, 

p e r s .  comm.). Because of t h e  l ack  of s p e c i e s  names f o r  many of   he 

p l a n t s ,  I grouped t h e  p l a n t s  by family  o r  genus  f o r  many of t h e  

a n a l y s e s .  

The g r e a t  d i v e r s i t y  i n  the  t r o p i c a l  f o r e s t  u n d e r s t o r y  

p r e s e n t e d  many problems i n  t h e  i n t e r p r e t a t i o n  of d i e t  composi t ion and 

food s e l e c t i o n .  The b o t a n i c a l  composi t ion of  r h i n o  d i e t s  r e f l e c t e d  t h e  

s p e c i e s  d i v e r s i t y  of  t h e  h a b i t a t .  About 46X o f  t h e  f e e d i n g  c a s e s  were 

d i f f e r e n t  s p e c i e s .  Even a t  t h e  g e n e r i c  l e v e l ,  d i v e r s i t y  i n  t h e  d i e t  was 

h i g h  w i t h  102 g e n e r a  r e p r e s e n t e d  i n  the  3 4 2  c a s e s  of  f e e d i n g .  The food  

p l a n t  l i s t  c o n t a i n e d  46% of t h e  t o t a l  number of  woody p l a n t  f a m i l i e s  

o c c u r r i n g  i n  P e n i n s u l a r  Plalaysia.  

The r e l a t i o n s h i p  between t h e  c u m u l a t i v e  number of p l a n t  g e n e r a  

i n  t h e  food p l a n t  l i s t  and t h e  cumulat ive  number o f  f e e d i n g  c a s e s  was 

s t u d i e d  t o  determine t h e  number of f eed ing  c a s e s  needed t o  a c c u r a t e l y  

sample dicL c o n ~ p o s i t i o n  a t  the  g e n e r i c  l e v e l  (E'ig. 1 0 ) .  The f i r s t  100  

f e e d i n g  c a s e s  c o n s i s t e d  of  55 d i f f e r e n t  p l a n t  g e n e r a .  Th i s  cu rve  

] .eveled o f f  a t  about  250  feed ing  c a s e s ;  t h e  l a s t  100 c a s e s  added o n l y  6 

new p l a n t  genera ,  t h e  r e s t  being r e p l i c a t e s .  T h i s  i n f o r m a t i o n  i n d i c a t e d  
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t h a t  a  s u f f i c i e n t  number of  f e e d i n g  c a s e s  had been obse rved  t o  

a c c u r a t e l y  d e s c r i b e  d i e t  compos i t ion  a t  t h e  g e n e r i c  l e v e l .  

Composit ion of Sumatran r h i n o  d i e t s  was e s t i m a t e d  by d i v i d i n g  

t h e  cumula t ive  number of  b i t e s  p e r  p l a n t  t axon  by t h e  t o t a l  number of 

b i t e s  r e c o r d e d  d u r i n g  t h i s  s t u d y .  The d a t a  c o l l e c t e d  d u r i n g  a l l  t ime  

p e r i o d s  were poo led  f o r  t h i s  a n a l y s i s  because  no d i f f e r e n c e s  between 

y e a r s  o r  s e a s o n s  were  obse rved .  Die t  compos i t ion  was e v a l u a t e d  by p l a n t  

f a m i l y   a able 1 )  and p l a n t  genus  (Tab le  2 ) .  A t  t h e  f a m i l y  l e v e l ,  

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  27 of t h e  49 f a m i l i e s  on t h e  food  p l a n t  

l i s t ,  92% of t h e  t o t a l  b i t e s ,  and 89% of  t h e  t o t a l  f e e d i n g  c a s e s .  P l a n t  

f a m i l i e s  Rosaceae and Rubiaceae  c o n t r i b u t e d  t h e  l a r g e s t  number of b i t e s  

t o  t h e  rh ino ' s  d i e t ,  c o l l e c t i v e l y  about  30%. Moraceae, Mel iaceae ,  

Euphorb iaceae ,  I c a c i n a c e a e ,  and C e l a s t r a c e a e  were t h e  n e x t  most 

i m p o r t a n t  f a m i l i e s  i n  t h e  d i e t ,  each c o n t r i b u t i n g  more t h a n  4%. The 

r e s t  of  t h e  p r i n c i p a l  p l a n t  f a m i l i e s  composed f rom 1 t o  3% of t h e  d i e t .  

The remain ing  22 p l a n t  f a m i l i e s  c o n t r i b u t e d  o n l y  82 of t h e  t o t a l  r h i n o  

b i t e s ,  o r  an  a v e r a g e  o f  0.36% of  t h e  d i e t  each .  

Eva lua ted  a t  t h e  g e n e r i c  l e v e l ,  30 of  t h e  102 p l a n t  g e n e r a  i n  

t h e  food  p l a n t  l i s t  c o n t r i b u t e d  1% o r  more o f  t h e  t o t a l  number of b i t e s .  

These p r i n c i p a l  g e n e r a  of  food  p l a n t s  c o n t a i n e d  74% o f  t h e  t o t a l  number 

of b i t e s  and 642 o f  t h e  f e e d i n g  c a s e s .  Prunus was t h e  most f r e q u e n t l y  

e a t e n  p l a n t  genus and c o n t r i b u t e d  the  l a r g e s t  number of  b i t e s  (15.1%) t o  

t h e  d i e t ,  more than  t w i c e  t h e  amount of  F i c u s  (6 .42) .  Together  w i t h  

P a v e t t a  (6.1%), Medusanthera (3 .821,  and Eugenia ( 3 . 0 % ) ,  t h e s e  p l a n t  

g e n e r a  composed 35% o f  t h e  rh ino 's  d i e t ;  t h e y  appeared  t o  be  t h e  key 
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T a b l e  1. P r i n c i p a l  p l a n t s  i n  t h e  d i e t  of  t h e  Sumatran r h i n o c e r o s  i n  t h e  
Endau-Rompin r e g i o n ,  f e e d i n g  c a s e s  grouped by p l a n t  f a m i l y .  P l a n t  t a x a  
ranked  by p e r c e n t a g e  of  t o t a l  nun~ber of b i t e s  r e c o r d e d  d u r i n g  t h e  s t u d y  
p e r i o d .  

P l a n t  f amilya  Rank Per cen t  age  Number of  Number of 
of  d i e t b  f e e d i n g  c a s e s C  b i t e s l p l a n t  d 

Rosaceae 
Rub i a c e a e  
Moraceae 
Mel iaceae  
Euphorbiaceae  
I c a c i n a c e a e  
C e l a s t r a c e a e  
blyrs i n a c e a e  
Leguminosae 
Sapo taceae  
Myrtaceae 
Theaceae 
Lauraceae  
Ulmaceae 
Myr i s t  i c a c e a e  
F l a c o u r t  i a c e a e  
Act i n i d i a c e a e  
Sap indaceae  
Gut t i f e r a  
Rutaceae  
Verbenaceae 
Oleaceae  
Aceraceae  
Rhizophoraceae  
Ebenaceae 
D i p t e r o c a r p a c e a e  
Loganiaceae  

TOTALS 

" P l a n t  f a m i l i e s  c o n t r i b u t i n g  more than  1% of  t h e  t o t a l  number o f  
b i t e s .  
b T o t a l  number of  b i t e s  = 11,818.  
C T o t a l  number of  f e e d i n g  c a s e s  = 3 4 2 .  

tiean number of b i t e s  p e r  p l a n t .  



T a b l e  2 .  P r i n c i p a l  p l a n t s  i n  t h e  d i e t  o f  t h e  Sumatran r h i n o c e r o s  i n  t h e  
Endau-Rompin r e g i o n ,  f e e d i n g  c a s e 8  grouped by p l a n t  genus .  P l a n t  t a x a  
ranked  by p e r c e n t a g e  o f  t o t a l  b i t e s .  

a 
P l a n t  genus Rank Percen tage  of  Number of Mean no. o f  

t o t a l  b i t e s b  f e e d i n g  c a s e s C  b i t e s l p l a n t  

Prunus 
F i c u s  
P a v e t t a  
Medusanthera 
Eugenia  
P i t h e c e l l o b i u m  
L a s i a n t h u s  
Bhesa 
Palaquium 
A g l a i a  
G i r o n n i e r a  
Adinandra  
A r d i s i a  
Ch isoche ton  
A r t o c a r p u s  
Macaranga 
Urophyllum 
S a u r a u i a  
Glyptopeta lum 
blaesa 
Garden ia  
Randia 
L i t s e a  
Chionanthus  
Acer 
Diospyros  
G a r c i n i a  
Gymnacranthera 
Dy soxy lum 
Ant idesma 

TOTALS 

a P l a n t  geIlcro c o n t r i b u t i n g  1% o r  rliorc of t l ~ c  t o t a l  number of b i t e s .  
T o t a l  number of b i t e s  = 11,818.  

C T o t a l  number of f e e d i n g  c a s e s  = 3 4 2 .  



f o r a g e  group.  Most of  t h e  p l a n t  genera  were p o o r l y  r e p r e s e n t e d  i n  t h e  

d i e t ;  50 genera  were r e c o r d e d  on ly  once. The  lowes t  7 2  genera  i n  t h e  

d i e t  c o n t r i b u t e d  a n  a v e r a g e  of  0.35% t o  t h e  d i e t .  I n d i v i d u a l s  of  t h e s e  

p l a n t  g e n e r a  may have been uncommon i n  t h e  h a b i t a t  o r  h i g h l y  

u n p a l a t a b l e .  

The mean number of  b i t e s  per  p l a n t  was q u i t e  v a r i a b l e ,  b u t  

i l l u s t r a t e d  whether many s m a l l  p l a n t s  o r  a  few l a r g e  p l a n t s  c o n t r i b u t e d  

t o  t h e  d i e t  p r o p o r t i o n s .  Because o f  t h e  problem w i t h  d i f f e r e n c e s  i n  

p l a n t  s i z e ,  d i e t  p r o p o r t i o n s  based on t h e  r e l a t i v e  f requency  of s tems 

gave  a  d i f f e r e n t  e s t i m a t e  o f  d i e t  compos i t ion  t h a n  t o t a l  b i t e s .  

Die t  compos i t ion  was n o t  e v a l u a t e d  a t  t h e  s p e c i e s  l e v e l  

b e c a u s e  of  t h e  problems ment ioned p r e v i o u s l y .  Prunus  a r b o r e a ,  P a v e t t a  

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

p r o p o r t i o n s  a t  t h e  s p e c i e s  l e v e l .  Each of t h e s e  s p e c i e s  were s i n g l e  

members o f  a  genus t h a t  were  e a t e n  f r e q u e n t l y .  Most of  t h e  p l a n t s  a t  

t h e  s p e c i e s  l e v e l  c o n t r i b u t e d  o n l y  1 o r  2 f e e d i n g  c a s e s  and a  smal l  

p r o p o r t i o n  of  t h e  t o t a l  nunber  of  b i t e s .  

P l a n t  p a r t s .  Mature l e a v e s  accoun ted  f o r  85.5% of t h e  t o t a l  

b i t e s  a t  f e e d i n g  s i t e s .  Stem m a t e r i a l  (8.6%) and young l e a v e s  (1.4%) 

were  e a t e n  i n  much s m a l l e r  p r o p o r t i o n s .  The u s e  of  young l e a v e s  was 

d i f f i c u l t  t o  a s s e s s  because  young l e a v e s  were a s n ~ n l l  p r o p o r t i o n  o f  t h e  

a v a i l a b l e  l e a v e s  on a  p l a n t  ( l e s s  than  2 % ) ,  and t h e y  may have been e a t e n  

c o m p l e t e l y .  Thus ,  t h e  p r o p o r t i o n  o f  young l e a v e s  i n  t h e  d i e t  may have 

been s l i g h t l y  u n d e r e s t i m a t e d .  Young l e a v e s ,  ma tu re  l e a v e s ,  and s tem 

m a t e r i a l  were o f t e n  e a t e n  t o g e t h e r  a t  t h e  same p l a n t ,  o f t e n  i n  abou t  t h e  



same p r o p o r t i o n  a s  t h e i r  a v a i l a b i l i t y .  Elnture l e a v e s  were t h e  most 

a v a i l a b l e  p l a n t  p a r t  (82%) a t  a l l  s i t e s .  Pltlch of  t h e  citem m a t e r i a l  

consumed appeared  t o  have  been i n c i d e n t a l  t o  e a t i n g  mature  l e a v e s .  

Young and mature  l e a v e s  were always used more t h a n  stem m a t e r i a l .  Stems 

l a r g e r  t h a n  5 mm i n  d i a m e t e r  were seldom e a t e n .  

The p r o p o r t i o n  o f  f r u i t  i n  t h e  d i e t  was d i f f i c u l t  t o  

d e t e r m i n e ,  so  I t r e a t e d  f r u i t s  s e p a r a t e l y  from t h e  o t h e r  p l a n t  p a r t s .  

Rhino t r a c k s  were f o l l o w e d  t o  f r u i t i n g  t r e e s  1 5  t i m e s ,  and t h e  an imals  

appeared  t o  e a t  f a l l e n  f r u i t  from t h e  ground. I was u n a b l e  t o  q u a n t i f y  

t h e  number o r  amount of  f r u i t  e a t e n .  The impor tance  of  f r u i t  i n  t h e  

d i e t  was e s t i m a t e d  by examining 65 dung p i l e s  f o r  s e e d s .  The f requency  

o f  o c c u r r e n c e  of  f r u i t  s e e d s  i n  t h e  dung was assumed t o  be  r e f l e c t i v e  of  

t h e  amount uf f r u i t  e a t e n .  F r u i t  seeds  were found i n  10  (15%) of  t h e  

dung samples .  The r e s t  o f  t h e  dung m a t e r i a l  was u s u a l l y  l e a f  o r  stem 

n a t t e r  from woody s a p l i n g s .  F r u i t  consumption was q u i t e  s e a s o n a l  w i t h  

most u s e  r e c o r d e d  from March t o  September,  t h e  main f r u i t i n g  p e r i o d  f o r  

many f o r e s t  t r e e s .  A l l  l a r g e ,  f l e s h y  f r u i t s  appeared  t o  be  h i g h l y  

p r e f e r r e d  food  i t e m s ,  e s p e c i a l l y  w i l d  mangos (kfangifera s p . )   able 3 ) .  

The i d e n t i f i c a t i o n  of f r u i t s  and seeds  was d i f f i c u l t  because  many of  

them had no t  been c o l l e c t e d  p r e v i o u s l y .  When a  l a r g e  t r e e  was f r u i t i n g  

h e a v i l y ,  r h i n o  t r a i l s  o f t e n  r e t u r n e d  t o  t h e  same t r e e  s e v e r a l  t i m e s .  

During A p r i l  1981,  s e v e r a l  mango t r e e s  were f r u i t i n g  a t  t h e  same t ime 

n e a r  t h e  S e l a i  base  camp, and f r e s h  r h i n o  t r a c k s  were found a t  t h e s e  

t r e e s  d a i l y .  While f o l l o w i n g  t r a c k s  a t  o t h e r  t i m e s ,  t h e  r h i n o s  

o c c a s i o n a l l y  r e t u r n e d  t o  t r e e s  where they  had e a t e n  f r u i t s  p r e v i o u s l y .  



Table 3. Forest fruits recorded as eaten by Sumatran rhinos in the 
Endau-Rompin region. Information collected from the observation of 
feeding evidence or of seed8 in dung eamples. 

Family Species 

Anacardiaceae 
Anacardiaceae 
Anacardiaceae 
Guttiferae 
Leguminosae 
Rhizophoraceae 
Rosaceae 
Rutaceae 

hlangif era ioetida 
M. lagenif era 
M. microghylla - -  
Calophyllum macrocarpurn 
Parkia sp. 
Anisophyllea griffithii 
Parinari sp. 
Citrus s p .  



F o r e s t  f r u i t s  a r e  probably  an  important  s o u r c e  o f  n u t r i e n t s  and h i g h l y  

p a l a t a b l e .  The r h i n o s ,  i n  t u r n ,  probably  f u n c t i o n  a s  impor tan t  

s e e d - d i s p e r s i n g  a g e n t s  f o r  t h e  seeds  of some t r e e s .  Mango s e e d l i n g s  

were found s p r o u t i i ~ g  i n  r h i n o  dung on 5 o c c a s i o n u .  

Use Index -- 
The p e r c e n t a g e  of  l e a f  and stem m a t t e r  e a t e n  from each p l a n t  

a t  f e e d i n g  s i t e s  was r e c o r d e d  a s  a use index .  For a l l  f e e d i n g  c a s e s ,  

t h i s  index  ranged from 0  t o  100 (Z=44, n=342).  P l a n t  genera  w i t h  a  mean 

i n d e x  g r e a t e r  than  44 have been l i s t e d  i n  T a b l e  4.  Many of t h e  p l a n t  

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

P l a n t s  w i t h  h igh  use  i n d i c e s  were probably  q u i t e  rare i n  t h e  h a b i t a t .  

P r i n c i p a l  food  p l a n t s  were o f t e n  used l e s s  on a n  i c d i v i d u a l  b a s i s  w i t h  

u s e  i n d i c e s  clumped around t h e  mean. On t h e  o t h e r  hand ,  some p l a n t s  

w i t h  a  low use  index were e a t e n  i n f r e q u e n t l y ,  s u g g e s t i n g  t h a t  they  were 

u n p a l a t a b l e .  

E c o l o g i c a l  C h a r a c t e r i s t i c s  of Food P l a n t s  

The e c o l o g i c a l  c h a r a c t e r i s t i c s  of r h i n o  food  p l a n t s  were 

i n v e s t i g a t e d  by rev iewing  t h e  a v a i l a b l e  i n f o r m a t i o n  on t h e  g roups ,  

p r i m a r i l y  t h a t  by Symington (19331, Van S t e e n i s  ( 1 9 5 3 ) ,  B u r k i l l  ( 1 9 6 6 ) ,  

Whitmore (19721, Wyatt-Smith and Kochummen ( 1 9 7 9 ) ,  and Kochummen 

( p e r s .  comrn.). I n  r e g a r d  t o  canopy p o s i t i o n ,  75% of  t h e  f e e d i n g  c a s e s  

were  p l a n t s  t y p i c a l  of t h e  f o r e s t  u n d e r s t o r y  ( F i g .  1 1 ) .  I n  c o n t r a s t ,  

18% o f  t h e  f e e d i n g  c a s e s  were j u v e n i l e  t r e e s  t h a t  u s u a l l y  r e a c h  t h e  

mid-canopy p o s i t i o n  a t  m a t u r i t y .  Only 2.8% o f  t h e  f e e d i n g  c a s e s  were 
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T a b l e  4 .  Use index of  p l a n t s  e a t e n  by Sumatran r h i n o s  i n  t h e  
Endeu-Rompin r e g i o n ,  c a s e s  grouped by p l a n t  genus .  

- - 

P l a n t  ~ e n u s ~  Rank N Use indexb 

Chisoche tou  
S t y r a x  
Clerodendrum 
T e t r a c t o m i a  
S a u r a n i a  
Dysoxylum 
Anisophy l lea  
Baccaurea 
A g l a i a  
Lophopetalum 
L a s i a n t h u s  
G a r d i n i a  
Erycube 
Cynome t r a  
Melastoma 
A r t o c a r p u s  
Pimeleo dendron 
Aphanamir is 
Acronychia  
Amaracarpus 
Macaranga 
Bhesia  
Acer 
Nothophoebe 
Palaquim 
G a r c i n i a  
P a v e t t a  
Aporusa 
Quercus  
A r d i s i a  
P i t h e c e l l o b i u m  
Tinomiscium 
Adinandr a 
Prunus 
biedusanthera 

TOTAL 144 

a P l a n t  g e n e r a  w i t h  a mean use  index g r e a t e r  t h a n  45.  

Mean. 



SUCCESSIONAL STAGE 

PRIMARY 
73.7 % 

CANOPY POSITION 

UNDERSTORY 
FOREST 

TYPE 

LAND THRU MONTANE 5.2 % 

-MONTANE 2.3 % 

TIMBER SPECIES 

F i g  11. E c o l o g i c a l  c h a r a c t e r i s t i c s  of p l a n t s  eaten by Sumatran  r h i n o s .  



j u v e n i l e s  of  emergent t r e e s .  Likewise ,  o n l y  10% of  t h e  f e e d i n g  c a s e s  

were juveni le t i  of t imber  t r e e s .  

I n  terms of s u c c e s s i o n n l  s t a g e ,  74% of t h e  p l a n t s  were 

c h a r n c t c ! r i s t i c  of t h e  pr imary c1or;ed canopy f o r r s t .  Only 14Z o f  t l ~ e  

f e e d i n g  c a s e s  were p l a n t s  t y p i c a l  o f  secondary  v e g e t a t i o n  and 11% were 

of fo res t :  gaps.  Most of  t h e  food p l a n t s  were t r e e s  t y p i c a l l y  found i n  

lowland and h i l l  f o r e s t  ( 7 8 % ) .  A s m a l l e r  number were con~monly 

r e s t r i c t e d  t o  lowland f o r e s t  (12.52) o r  montanc f o r c e t  (2 .52) .  A few 

had wide e c o l o g i c a l  d i s t r i b u t i o n s ,  r a n g i n g  f  ronl lowland through montane 

f o r e s t  ( 4 . 7 5 ) .  

Food A v a i l a b i l i t y  -- 
The a v a i l a b i l i t y  of  p o t e n t i a l  food  f o r  f e e d i n g  r h i n o s  i n  t h e  

f o r e s t  u n d e r s t o r y  was e s t i m a t e d  from t h e  enumera t ion  of  s a p l i n g s  w i t h i n  

t h e  r h i n o  food s i z e  c l a s s  a l o n g  t r a o s e c t s  (Tab le  5 ) .  The mean d e n s i t y  

of  woody s a p l i n g s  between 0 . 8  and 3.2 cm DBH was found t o  be 

s i g n i f i c a n t l y  d i f f e r e n t  among t h e  phys iograph ic  t y p e s  (ANOVA, f=4 .5 ,  

P=0.004),  v a r y i n g  from 4710 s t e m s i h a  on t h e  r i d g e s  t o  6740 s tems/ha  i n  

t i le  s t r eam bottom t y p e .  Woody s a p l i n g  d e n s i t i e s  i n  t h e  lower and upper  

s l o p e  t y p e s  were i n t e r m e d i a t e  a t  5000 and 4990 s t ems /ha .  Likewise ,  t h e  

s t r e a m  bottom type  had  t h e  l a r g e s t  amount of a v o i l b l e  l e a f  m a t t e r  (550 

k g / h a )  and t h e  r i d g e  t y p e  had t h e  l e a s t  amount (310 kg /ha ) .  These d a t a  

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

was a v a i l a b l e  i n  t h e  s t r e a m  bot tom type and t h e  q u a n t i t y  of  a v a i l a b l e  

food  d e c r e a s e d  wi th  i n c r e a s i n g l y  s t e e p  topography .  

S e v e r a l  of  t h e  enumerated s a p l i n g s  were i d e n t i f i e d  t o  genus  



'l'nble 5 .  D e n s i t y  of woody s a p l i n g s  ( 0 . 8  t o  3 . 2  cm DBlI )  i n  t l ~ c  f o r e s t  
u n d e r s t o r y ,  by p1iysiogr:lph [ c  t y p e .  1)nt;l col  1c:ctctl from t l ic  c:numcrn t i o n  
o f  1 1 2 0  s:lpl [rigs ; ~ t  280 po l ~ i L s  :iloiiy; 1 4  t r n n s c c  ts. Amount q b f  ; i vn iLab lc  
bi.omass was c a l c u l a t e d  by m u l t i p l y i n g  t o t a l  number o f  b i t e s  of m a t u r e  
l e a f  p e r  p l a n t  times t h e  mean w e i g h t  o f  1 s t a n d a r d  b i t e  ( 2 . 4  g ) .  

P l ly s iog rap l i i c  t y p e  N S a p  l irlg d e n s i t y  Leaf b iomass 

S t r e a m  Bottom 320 6740 380 
Lower S l o p e  320 5000 300  
l Jppe r  S l o p e  320 4990 320  
R i d g e  1 6 0  4710 4 3 0  

A.11 s i t e s  1 1  20 5370 S. 9 0 



and p rov ided  i n f o r m a t i o n  on t h e  r e l a t i v e  d e n s i t y  of c e r t a i n  food p l a n t s  

 a able 6 ) .  Eugenia sp .  was t h e  most f r e q u e n t  woody s a p l i n g  i n  t h e  

f o r e s t  u n d e r s t o r y ,  compr i s ing  about  6% of  t h e  s tems w i t h i n  t h e  r h i n o  

food  s i z e  c l a s s .  Shorea  s p . ,  a  n o n - p r i n c i p a l  food p l a n t ,  and P a v e t t a  

s p . ,  a  h i g h l y  used food  p l a n t ,  were t h e  n e x t  most conunon t a x a  of  p l a n t s  

i n  t h e  u n d e r s t o r y  (abou t  4.5% e a c h ) .  Quercus s p .  and Xerospennum s p . ,  

seldom used p l a n t s ,  each  comprised abou t  3% of  t h e  u n d e r s t o r y .  Prunus 

s p . ,  t h e  most h i g h l y  used p l a n t ,  comprised abou t  15 of  t h e  stems i n  t h e  

u n d e r s t o r y .  Because of t h e  h igh  d i v e r s i t y  of t h e  u n d e r s t o r y ,  t h e  

remainder  of t h e  food  p l a n t s  probably  composed l e s s  t h a n  1% of t h e  

s t a n d .  G e n e r a l l y ,  r h i n o  food p l a n t s  o c c u r r e d  a t  low r e l a t i v e  d e n s i t i e s  

i n  t h e  f o r e s t  u n d e r s t o r y ,  most compris ing l e s s  t h a n  1% of t h e  s t a n d .  

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

a v a i l a b i l i t y  ( P e t r i d e s ,  1 9 7 5 ) ,  most of  t h e  food  p l a n t s  could  be  

c o n s i d e r e d  a s  p r e f e r r e d  food because d i e t  p r o p r o r t i o n s  were g r e a t e r  t h a n  

t h e i r  r e l a t i v e  d e n s i t i e s  i n  t h e  h a b i t a t .  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 s ,  t h i s  t y p e  of  a n a l y s i s  was not  mean ingfu l .  

S e v e r a l  ilnportarlt food p l a n t s  were found more f r e q u e n t l y  i n  

t h e  s t r eam bottom and lower s l o p e  phys iograph ic  t y p e s .  I n  t h e  s t r e a m  

bottom t y p e ,  t h e  s t a n d  c o n s i s t e d  of  2.1% Prunus  s p .  and 10% Eugenia s p .  

I n  t h e  r i d g e  t y p e ,  t h e  p r o p o r t i o n  of !runus i n  t h e  u n d e r s t o r y  dropped t o  

0.0% and Eugenia t o  3 . 8 % .  T h i s  t r e n d  was c o n s i s t e n t  f o r  a l l  food p l a n t s  

enumerated,  i n d i c a t i n g  t h a t  t h e  a v a i l a b i l i t y  of food  p l a n t s  was h i g h e r  

i n  t h e  s t r e a m  bottom t y p e ,  and t h e y  d e c r e a s e d  i n  abundance w i t h  

i n c r e a s i n g  e l e v a t i o n .  A s i m i l a r  t r e n d  was o b s e r v e d  i n  t o t a l  s a p l i n g  



T a b l e  6 .  R e l a t i v e  abundance o f  c e r t a i n  p l a n t  tnxa  (0.8 t o  3 .2  cm DRH) 
i n  t11c f o r e s t  u n d e r s t o r y .  Infornlnt ion c o l l e c t e d  from t h e  e n u n ~ e r a t i o n  of  
1120 s a p l i n g s  a t  280 p o i n t s  a l o n g  14 t r a n s e c t s  d u r i n g  March through Flay 
1981. Data grouped by p h y s i o g r a p h i c  t y p e ,  e x p r e s s e d  a s  t h e  p e r c e n t a g e  
o f  s a p l i n g s  i n  t h a t  c a t e g o r y .  

Taxa 

Phys i o g r a p h  i c  type  

S t ream Lower Upper Ridge A l l  t y p e s  
bot tom .lope s l o p e  

Prunus sp .  2 .l 2.2 0.3 
P a v e t t a  s p .  a 4 .O 3 .1  6 .3  
Eugenia sp .  10.0 5 . 9  4.4 
G a r c i n i a  sp  

b 1.3 0.6 1 . 3  
Quercus  sp.  4.7 1 .9  3 .l 
P i thece lob ium sp . '  0.0 1 .3  1 .9  
Xerospermum sp .  3 .l 2 . 2  4.1 
Shorea  sp .  5.3 3 . 2  5.3 

a 
, Probably  i n c l u d e s  o t h e r  members of  Family RUBIACEAE. 
"ncludes L i t h o c a r p u s .  
C Probab ly  i n c l u d e s  o t h e r  members of  Family LEGUMINOSAE. 



d e n s i t y  . 

Unders to ry  Phenology - 

The phenology of woody s a p l i n g s  i n  t h e  f o r e s t  u n d e r s t o r y  was 

s t u d i e d  by r e c o r d i n g  t h e  p r o p o r t i o n  of  young and mature  l e a v e s  on 

s a p l i n g s  enumerated a l o n g  t r a n s e c t s  (Tab le  7 ) .  Plost of t h e  l e a f  

m a t e r i a l  i n  t h e  f o r e s t  u n d e r s t o r y  c o n s i s t e d  o f  ma ture  l e a v e s .  Only 

abou t  11% of  t h e  s a p l i n g s  had young l e a v e s  p r e s e n t .  Based on t h e  t o t a l  

number of  b i t e s  p r e s e n t  on enumerated s a p l i n g s ,  young l e a v e s  comprised 

o n l y  about  1.7% of  t h e  l e a f  m a t e r i a l .  The mean number of b i t e s  of  young 

l e a v e s  p e r  p l a n t  was 0.57, o r  1 .4  g  o f  l e a f  m a t t e r ,  compared w i t h  an  

a v e r a g e  of  2 9 . 3  b i t e s  (70 g )  of  mature  l e a f .  I n  r e g a r d s  t o  

p h y s i o g r a p h i c  t y p e ,  woody s a p l i n g s  i n  t h e  s t r e a m  bottom and lower s l o p e  

t y p e s  had a  h i g h e r  p r o p o r t i o n  of  stems w i t h  young l e a v e s  p r e s e n t  (0 .14)  

t h a n  upper s l o p e  and r i d g e  t y p e s  (0 .08) .  T h i s  same t r e n d  was r e f l e c t e d  

by t h e  mean number of young l e a v e s  p e r  stem and t h e  mean p e r c e n t a g e  o f  

young l e a f  p e r  stem. 

P l a n t  Chemistry 

Leaf and stem m a t e r i a l  from c e r t a i n  p l a n t s  a c t u a l l y  e a t e n  by 

r h i n o s  and a  sample o f  ma ture  l e a f  front non-food p l a n t s  were ana lyzed  

f o r  t h e i r  chemical  compos i t ion .  Chemical a s s a y s  o f  each type  were no t  

a v a i l a b l e  f o r  a l l  samples ,  so  sample s i z e s  v a r i e d  depending on a s s a y .  

I n f o r m a t i o n  f o r  a l l  chemical  a s s a y s ,  excep t  magnesium, was a v a i l a b l e  

f rom 87 p l a n t s  e a t e n  by r h i n o s  and 27 non-food p l a n t s  c o l l e c t e d  a l o n g  

t r a n s e c t s .  



' I 'nl~l t* 7 .  i'lic.no 1 . 0 6 ~  o f  wilocly s:1l1 l i 11l:s i n  t l ~ c  I o rc s t  ~~i~dcbrsLot-y (0. 8 to 
:I. 2 t.111 111\I1) , 1)y ~l l~y: :  iof:r:lpl~ i c .  c.y11('. 1 1 1  l'or-a~;~ t i or1 1.0 l I cc-tc,tl f I - ~ I ~ I  tllc* 
( ~ I ~ I I I I I ( * I - ; I I  1u11 of 1 l ;!O :;;)p l [ I I~; : ;  ;I [  2tiO 1 ) i > 1 1 1 1  !: ;I 1011); 111 LI-;III::C~(:L*; dur  1 1 1 ) :  

lforct~ ~lirou$:l~ Nay 1981. 

S i c 1 1 1  i c PI 1'rc.p)rt ion  ( I I  sl.cms 1 %  i i ( .S Y I ,  pc.r s tcm 
L - Y ~ I C ?  w i  ttl YL ~ ) I - C : ; C I ~ ~  YL/S  teul -- /U 

B S C 5! SE ", S E ,a 

Strc:~m Ilottom 320 0 . 1 2  0.02 0.57 0.11 1.42 0.25 
1,owcr S1 ope 320 0.15 0.02 0.78 0.13 2.43 0.37 
U p p c r  S lope 320 0 . 0:i 0 . 0 2 0.37 0.09 1.32 0.33 
Ridge 160 0.QH 0 . 0 2  0.52 0.18 1.21 0.38 

A l l .  s itc!s .l 120 0.11 0.01 0.57 0.06 1 . 6 5  0.17 

YL = young l e a f .  
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A p r i n c i p a l  components ana ly f i i s  o f  t h e  food p l a n t  samples 

showed t h e  i n t e r c o r r e l a t i o n s  of  i he p l a n t  c i ~ t ! n ~ i s t r y  v r ~ r i o b l c s .  The 

f i r s t  2 p r i n c i p a l  components contained 54% of  t h e  v a r i n n c c  of t h e  d a t a  

s e t .  PC-1 was i n t e r p r e t e d  a s  i l l u s t r a t i n g  t h e  o v e r a l l  c o r r e l a t i o n s  of  

t h e  p l a n t  c h e m i s t r y  v a r i a b l e s  ( ~ i g .  1 2 ) .  ASH, P, N ,  Ca, and K were a l l  

p o s i t i v e l y  c o r r e l a t e d  w i t h  PC-1; TP, CT, and ADF were n e g a t i v e l y  

c o r r e l a t e d .  I n  PC-2, Ca and ASH were h i g h l y  p o s i t i v e l y  c o r r e l a t e d  and 

ADF n e g a t i v e l y .  The PC a n a l y s i s  i n d i c a t e d  t h a t  i f  a r h i n o  a t e  l e a v e s  

h i g h  i n  c rude  p r o t e i n  c o n t e n t ,  t h e  l e a v e s  would a l s o  c o n t a i n  h i g h  

c o n c e n t r a t i o n s  of  most n i i n e r a l s  and low an~ounts  o f  f i b e r  and t a n n i n s .  

I n  c o n t r a s t ,  t h e  i n t e r c o r r e l a t i o n s  of t h e  p l a n t  c h e m i s t r y  v a r i a b l e s  i n  

t h e  non-food p l a n t s  were d i f f e r e n t  compared w i t h  t h e  food p l a n t s .  I n  

t h e  non-food p l a n t s ,  N and P  were not c o r r e l a t e d  w i t h  ASH. Ca, and K i n  

PC-1 ( ~ i g .  1 3 ) .  I n s t e a d ,  P and N were p o s i t i v e l y  c o r r e l a t e d  w i t h  PC-2. 

The r e l a t i o n s h i p s  among ASH, Ca, K ,  TP, CT, and ADF remained s i m i l a r  t o  

t h e  food p l a n t s .  

Die t  q u a l i t x .  The n u t r i t i o n a l  q u a l i t y  o f  d i e t s  depended on 

t h e  p r o p o r t i o n s  of  t h e  v a r i o u s  f o r a g e s  and t h e  chemica l  c o n ~ p o s i t i o n  of  

t h o s e  f o r a g e s .  D i e t  q u a l i t y  was e s t i m a t e d  by t h e  sum of t h e  f o r a g e  

chemica l  v a l u e s  t imes  weighted d i e t  p e r c e n t a g e s   able 8) .  The rh ino ' s  

d i e t  was c h n r n c t e r i z e d  a s  h igh  i n  f i b e r  (45% ADF); moderate  i n  some 

m i n e r a l s ( K ,  CA, and ASH), p h e n o l i c  compounds (TP 4 .02 and CT 6.8%), and 

c r u d e   rotei in (11.3%);  but  ex t remely  low i n  phosphorus (0 .077%).  The 

low amount of  P  i n  t h e  d i e t  r e s u l t e d  i n  a h i g h  CA t o  P r a t i o  ( 1 2 : l ) .  

The l a r g e  amount of  f i b e r  and p h e n o l i c  compounds i n  t h e  d i e t  y i e l d e d  a  



PRINCIPAL COMPONENT ANALYSIS 

FOOD PC - 1 1  PLANT CHEMISTRY 
PLANTS 

+ I T  

PARAMETERS 

- ASH 

ADF- 

- I t 
I I I I I 

I I I 
l .  - I CT -' 

- 

5 
F i g .  13. P l a n t  c l i c m i s ~ r y  p a r n m c t c r s  of nlatl~t-c l e a f  m a t e r i a l ,  c o l l e c t e d  from c e r t a i n  S u m a t r a n  r h i n o  f o o d  - J. 

n 
p l a n t s ,  p l o t c d  o n  t h e  f i r s t  2 p r i n c i p a l  c o m p o n e n t s .  PC-1 and  PC-TI  c o n t a i n e d  5 4 2  o f  Lhr v a r i a n c e  i n  t h e  

+ 

da ta  se t .  N = n i t r o g e n ,  P = p h o s p h o r u s ,  Ca = c a l c i u m ,  K = p o t a s s i u m ,  TP = t o t a l  p h e n o l i c s ,  CT = c o n d e n s e d  
C\ 

t a n n i n s ,  ADF = a c i d  d e t e r g e n t  f i b e r .  

I I I I 
1 4 PC-I 

+ I 
- 



3 G s  
E U U  
n o : :  
h 4 7 7  



T a b l e  8. Chemical compos i t ion  of Sumatran r h i n o  d i e t s .  

Assay D i e t  compos i t ion  

ASH (%) 
N 
P 
C a 
K 
TP 
CT 
ADF 

Key: ASH = t o t a l  a s h ,  N = n i t r o g e n ,  P = phosphorous ,  Cn = ca lc ium,  
K = potass ium,  TP = t o t a l  p h e n o l i c s ,  CT = condensed t a n n i n s ,  ADF = 
a c i d  d e t e r g e n t  f i b e r .  
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crude p r o t e i n  t o  CT p lus  ADF r a t i o  of 0.218. 

According t o  a  review of the a v a i l a b l e  l i t e r a t u r e ,  p l a n t s  

ea t en  by Sumatran rh inos  contained few p l a n t  t ox ins  ( ~ i g .  1 4 ) .  Of the  

p l an t  genera with information a v a i l a b l e ,  only 3.32 of the feeding  cases  

were p l an t s  known t o  con ta in  a l k a l o i d s ,  a  common p lan t  tox in .  About 21% 

of t h e  feeding cases  were p l an t s  known t o  con ta in  saponins;  33% of t h e  

f eed ing  cases  were p l a n t  genera recorded a s  medic ina l  p l a n t s ,  i n d i c a t i n g  

t h e  presence of some kind of secondary p l a n t  compound. Of the  16 food 

p l a n t  samples a c t u a l l y  screened ( K .  Chan, pe r s .  comm.), only 2  mature 

l ea f  samples contained a l k a l o i d s  and 3  samples contained saponins.  

P lan t  p a r t s .  Pair-wise comparisons  able 9 )  of mature l ea f  

and stem mat te r  c o l l e c t e d  from the  same p l a n t s  ea t en  by rh inos  showed 

t h a t  mature leaves  contained c o n s i s t e n t l y  h igher  dry-weight 

concent ra t ions  of Ash, N .  P ,  Ca, K ,  and Mg, i n d i c a t i n g  a  higher  

concent ra t ion  of minera ls  and crude p r o t e i n  i n  mature leaves .  Stem 

ma t t e r  was higher  i n  ADF than  mature leaves  f o r  a l l  samples. The 

concen t r a t ion  of CT was s i g n i f i c a n t l y  h igher  i n  mature leaf  m a t e r i a l ,  

bu t  no d i f f e r e n c e  was found i n  t he  content  of TP. General ly ,  t hese  d a t a  

suggested t h a t  mature leaves  were much h igher  i n  n u t r i e n t  q u a l i t y  than  

stem m a t e r i a l ,  except f o r  t he  CT assay.  

Rhino s e l e c t i o n  of p l an t  p a r t s  f o r  feeding  r e f l e c t e d  the  

n u t r i e n t  composition of the  p a r t s .  Excluding f r u i t s ,  t he  d i e t  c o n s i s t e d  

of 90% mature leaves  and 8.6% stem m a t e r i a l ,  showing a  s t rong  s e l e c t i o n  

f o r  mature leaves .  For t he  most p a r t ,  feed ing  on stem m a t e r i a l  may have 

been i n c i d e n t a l  t o  e a t i n g  leaves .  The lower amount of CT i n  t h e  stems 
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T a b l e  9 .  Comparison of the chemical composition of mature leaf  and stem 
material  co l l ec ted  from plants eaten by Sumatran rhinos.  A l l  vnlues are 
reported a s  percent dry matter.  

Mature leaf  S tern 
A ~ s a y  N ~a 

X S E X S E 

Ash ( 2 )  
N 
P 
C a 
K 

TP 
CT 
ADF 

a Paired T-tes t ,  two-tailed probab i l i t i e s .  
*p<0.05; **P<O.Ol; ***P<O.OOl. 
Key: s ee  Table 8 .  



may have i n c r e a s e d  t h e i r  p a l a t a b i l i t y .  

U n f o r t u n a t e l y ,  l i t t l e  i n f o r m a t i o n  was a v a i l a b l e  f o r  young 

l e a v e s .  U s u a l l y ,  t h e  amount of young m a t e r i a l  a v a i l a b l e  a t  a  f e e d i n g  

s i t e  was too  low f o r  t h e  chemica l  a n a l y s e s .  Only 1 sample of  young l e a f  

m a t e r i a l  was c o l l e c t e d ,  A r d i s i a  c o l o r a t a .  The young l e a v e s  of t h i s  

p l a n t  were much h i g h e r  i n  N. P, and K t h a n  mature  l e a v e s ,  but  much lower  

t h a n  mature  l e a v e s  i n  ADF and s l i g h t l y  lower i n  CT. The c o n t e n t  of TP  

was s l i g h t l y  h i g h e r  i n  t h e  young l e a v e s .  

Food and  non-food p l a n t s ,  The mature  l e a v e s  of 68 p l a n t s  -- 
e a t e n  by r h i n o s  were a s s a y e d  f o r  dry-weight compos i t ion  of Ash, N ,  P ,  

Ca, and K ;  55 of t h e  samples were a d d i t i o n a l l y  a s s a y e d  f o r  TP, CT, and 

ADF. Thus,  complete  i n f o r m a t i o n  of t h e  c h e m i c a l ' c o m p o s i t i o n  of m a t u r e  

l e a v e s  was a v a i l a b l e  f o r  55 t a x a  of food p l a n t s .  I n  o r d e r  t o  

i n v e s t i g a t e  whether  t h e  r h i n o s  s e l e c t e d  mature  l e a v e s  f o r  food based on 

t h e i r  chemical  c o m p o s i t i o n ,  t h e  food p l a n t  g roup  was compared w i t h  a 

g r o u p  of  25 non-food p l a n t s  (Tab le  1 0 ) .  T h i s  comparison showed t h a t  t h e  

chemica l  compos i t ion  of  t h e  food  p l a n t  g roup  was d i f f e r e n t  t h a n  t h e  

non-food group.  The food p l a n t  group c o n t a i n e d  s i g n i f i c a n t l y  h i g h e r  

c o n c e n t r a t i o n s  of  Ash, N. P ,  and Ca, i n d i c a t i n g  t h a t  t h e  an imals  

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

t h e  g roups  were 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 o s e  chemical  

p a r a m e t e r s ,  t h e  a b s o l u t e  d i f f e r e n c e  between t h e  means was q u i t e  s m a l l  

f o r  most a s s a y s .  I n  c o n t r a s t ,  t h e  food p l a n t s  were niuct~ lower i n  A D F ,  

i n d i c a t i n g  a  s t r o n g  s e l e c t i o n  f o r  p l a n t s  low i n  f i b e r .  The mean c o n t e n t  

o f  TP and CT was h i g h e r  i n  t h e  food p l a n t  g roup ,  a l t h o u g h  n e i t h e r  mean 



T a b l e  10 .  Comparison of t h e  cherr.icn1 compos i t ion  of c e r t a i n  Sumntran 
r h i n o  food plantc:  c o l l e c t e d  a t  f e e d i n g  s i t e s  and a  fiample of  non-food 
p l a n t s  c o l l e c t e d  a t  p o i n t s  al.ong 3 t r a n s e c t s .  A l l  v a l u e s  expressed  a s  
p e r c e n t  d r y  m a t t e r .  For r e p l i c a t e  samples of  same s p e c i e s ,  t h e  mean was 
computed b e f o r e  s t a t i s t i c a l  t e s t s  were performed. 

Assay 
Food p l a n t s  Non-food p l a n t s  

T" 
N X S E N X SE 

Ash ( X )  
N 
P 
C a 
K 
T P 
CT 
ADF 

" Two-sample T - t e s t ,  t w o - t a i l e d  p r o b a b i l i t i e s .  
*P<0.05; **P<O.Ol; ***P<O.OOl. 
Key: s e e  T a b l e  8.  
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was s i g n i f i c a n t l y  d i f f e r e n t  from t h e  non-food g roup  ( ~ < 0 . 0 5 ) .  

P r i n c i p a l  food  p l a n t s .  Disc r iminan t  f u n c t i o n  (DF) a n a l y s i s  

was used t o  i n v e s t i g a t e  t h e  a b i l i t y  t o  c l a s s i f y  p l a n t  samples ,  based on 

t h e i r  chemical  compos i t ion ,  i n t o  groups  de te rmined  by t h e  importance  of  

t h e  p l a n t  g e n e r a  i n  t h e  d i e t .  For t h i s  a n a l y s i s ,  t h e  p l a n t  samples were  

grouped a s  p r i n c i p a l  food  p l a n t s  (genera  c o n t r i b u t i n g  more t h a n  1.5% o f  

t h e  d i e t ) ,  n o n - p r i n c i p a l  food  p l a n t s  ( g e n e r a  c o n t r i b u t i n g  l e s s  than  1 .5% 

o f  t h e  d i e t ) ,  and non-food p l a n t s .  With a l l  3 groups  and a l l  8  

v a r i a b l e s  i n  t h e  a n a l y s i s ,  2 d i s c r i m i n a n t  f u n c t i o n s  were d e r i v e d  t h a t  

c l a s s i f i e d  64% o f  a l l  t h e  c a s e 8  a c c u r a t e l y .  DF l c o n t a i n e d  most of t h e  

v a r i a n c e  of  t h e  d a t a  s e t  (88%) and was i n t e r p r e t e d  a s  measur ing 

d i f f e r e n c e s  i n  t h e  c o n c e n t r a t i o n s  of ADF, CT, and N. DF 2 c o n t a i n e d  a  

s m a l l  p r o p o r t i o n  of t h e  v a r i a n c e  (12%) and had l e s s  d i s c r i m i n a n t i n g  

power. T h i s  f u n c t i o n  was i n t e r p r e t e d  a s  measur ing  d i f f e r e n c e s  i n  ASH. 

CT, ADF, TP,  Ca, P ,  and N .  To i l l u s t r a t e  i n t e r g r o u p  d i f f e r e n c e s ,  t h e  

g roup  c e n t r o i d s  were graphed i n  a  two-dimensional  s p a c e  based on DF 1 

and DF 2 ( ~ i g .  1 5 ) .  The b e s t  s e p a r a t i o n  among g roup  c e n t r o i d s  was 

between food  and non-food g r o u p s ,  wi th  t h e  non-food s p a c e  h igh  i n  ADF 

and low i n  m i n e r a l s ,  N. and CT. S e p a r a t i o n  between p r i n c i p a l  and 

n o n - p r i n c i p a l  food p l a n t s  was poor .  The g roup  c e n t r o i d s  f o r  p r i n c i p a l  

food  p l a n t s  l a y  i n  a  chemica l  space  c h a r a c t e r i z e d  by h i g h  ASH, N ,  and 

TP. The n o n - p r i n c i p a l  food  g roup  c e n t r o i d  l a y  i n  a  s p a c e  h i g h  i n  CT and 

ADF. K had l i t t l e  d i s c r i m i n a n t i n g  power i n  t h i s  a n a l y s i s .  

Use index .  DF a n a l y s i s  was used t o  d e t e r m i n e  whether  p l a n t  -- 
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samples  cou ld  be  s e p a r a t e d  i n t o  use index  g r o u p s  based on t h e i r  chemica l  

compos i t ion .  The f e e d i n g  c a s e s  were put  i n t o  3 groups  based on whe the r  

t h e i r  use  index was g r e a t e r  than  t h e  o v e r a l l  mean (441,  l e s s  t h a n  t h e  

mean, o r  whether  t h e y  were c l a s s i f i e d  a s  non-food p l a n t s .  With a l l  3 

groups  i n  t h e  a n a l y s i s ,  a  s i g n i f i c a n t  d i s c r i m i n a n t  f u n c t i o n  was d e r i v e d  

(P=0.004) t h a t  p r o p e r l y  c l a s s i f i e d  53% o f  t h e  f e e d i n g  c a s e s  i n t o  t h e i r  

r e s p e c t i v e  g r o u p s .  I n  t h i s  a n a l y s i s ,  ADF and CT were t h e  most u s e f u l  

d i s c r i m i n a t i n g  v a r i a b l e s .  DF 1 c o n t a i n e d  most o f  t h e  d a t a  s e t ' s  

v a r i a n c e  (90%); t h i s  f u n c t i o n  was i n t e r p r e t e d  a s  n ~ e a s u r i n g  d i f f e r e n c e s  

i n  t h e  c o n c e n t r a t i o n s  o f  P ,  CA, and ADF. The b e s t  s e p a r a t i o n  among 

g roup  c e n t r o i d s  was between food and non-food g roups .  The chemical  

s p a c e  occuppied by non-food p l a n t s  was h i g h  i n  ADF, and t h e  food  p l a n t s  

were h igh  i n  P ,  CA, and CT. DF 2 had l e s s  d i s c r i m i n a t i n g  power, 

e s s e n t i a l l y  s e p a r a t i n g  t h e  food p l m t s  grouped by h i g h  and low use  

i n d i c e s .  The g roup  c e n t r o i d  of  t h e  h i g h  use  index  p l a n s  l a y  i n  a  

chemica l  space  h i g h  i n  ASH. P ,  and K.  The g roup  c e n t r o i d  of  t h e  low u s e  

i n d e x  p l a n t s  l a y  i n  a  s p a c e  h i g h  i n  N. CT, and ADF. 

Crude p r o t e i n / d i g e s t i o n  i n h i b i t o r  r a t i o .  Rhino food p l a n t s  

were ranked based on t h e  r a t i o  of  c rude  p r o t e i n  (N X 6.25) c o n t e n t  t o  CT 

+ ADF (Tab le  1 1 ) .  T h i s  r a t i o  (CP/DI) h a s  been found t o  be a  good 

measure  of  f o r a g e  q u a l i t y ,  and i s  h i g h l y  c o r r e l a t e d  w i t h  food s e l e c t i o n  

i n  some s p e c i e s  of  p r i m a t e s  (PIcKey e t  a l . ,  1981).  I n  t h e  r h i n o  food 

p l a n t s ,  t h i s  r a t i o  ranged from 0.581 t o  0.075 f o r  68 s p e c i e s .  Many of  

t h e  p l a n t s  t h a t  were p r i n c i p a l  food p l a n t s ,  o r  had h i g h  use  i n d i c e s ,  

a l s o  had a  h i g h  CP/DI r a t i o .  The r h i n o  food p l a n t  g roup  had a  



T a b l e  11. C a l c u l a t e d  nutrient/digestion-inhibitor r a t i o s  f o r  m a t u r e  
leaves o f  p l a n t s  e a t e n  by Sumatran  r h i n o s .  

Planl: t a x a  6.25 N/ P e r c e n t a g e  Use 
( CT+ADF ) o f  d i e t  i n d e x a  

Medusan the ra  g r a c i l i s  
A g l a i a  g r i f  f i t h i 3  
C r o t o n  l a e v i f o l i u s  
A p h a n a u i x i s  r o h i t u k a  
A r d i s i a  gxxyphylla 
L a s i a n t h u s  --- s p .  
F i c u s  u n i g l a n d u > z s g  -- 
Ant i d e s ~ .  c u s p i d a t u n  
G i r o n r l i e r a  n e r v o s a  
D i o s p y r o s  s p .  
Mac a  r an&a t&l?&~ -- 
Bhesa y a n i c u l a t a  -- 
Khcma c u r t i s i i  
Ace r  l a u r i n u m  
Ant idesma s p .  
Eugen ia  d c n s i f l o r a  
M a c a r a n s  p r u i n o s a  -- 
Shores leprosuJ_a -- 
Pime lodendrgg  g r i f f i t h i a ~ m  
G a r c i n i a  f o r b e s i j  
C h i o n a n t h u s  o l i g a n t h u ~  - 

F i c u s  c h a r t a e a e  -- 
S t r e b l u s  e l o n g a t u s  
A r y t c r ?  s p .  
G l o c h i d i o n  s p .  -- 
Timonius  s p .  ---- - 
Miscboca rpus  -- s p  . 

" mean.  

Key: See T a b l e  8. 



s i .gni f  i c a n t  l y  h i g h e r  CP/DI r a t i o  t h a n  t h e  non-food group (hlann-Whitney , 

r a n k  sum t e s t ,  P<0.001) .  

DISCUSSION 

Sumatran r h i n o s  i n  t h e  Endau-Rompin s tudy  a r e a  use  t h e  

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

s o u r c e .  Few o t h e r  mammals a t t empt  t h i s  f o r a g i n g  s t r a t e g y .  I n d i r e c t  

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  u n d e r s t o r y  of  t r o p i c a l  r a i n  f o r e s t s  i s  a  

poor h a b i t a t  f o r  niammilian h e r b i v o r e s .  Na tu re  r a i n  f o r e s t s  of  bo th  t h e  

New world and t h e  Old World t r o p i c s  have a l e s s  d i v e r s e  and l e s s  dense  

t e r r e s t r i a l  u n g u l a t e  f a u n a  t h a n  savanna o r  g r a s s l a n d  h a b i t a t s  ( E i s e n b e r g  

and McKay, 1974) .  I n  s o u t h e r n  A s i a ,  t h e  biomass of t e r r e s t r i a l  

h e r b i v o r e s  d e c l i n e s  a s  f o r e s t  cover  becomes con t inuous  (E i senberg  and 

S e i d e n s t i c k e r ,  1 9 7 6 ) .  Wi th in  a  mature  t r o p i c a l  r a i n  f o r e s t ,  a r b o r e a l  

h e r b i v o r e s  t y p i c a l l y  c o n s t i t u t e  a  n i a j o r i t y  o f  t h e  mammalian biomass 

( ~ i s e n b e r g  and T h o r i n g t o n ,  1973) .  

The once s y m p a t r i c  Javan r h i n o  ( g h i n o c e r o s  s o n d i c u s )  i s  t h e  

o n l y  o t h e r  e x t a n t  r h i n o c e r o s  t h a t  o c c u p i e s  r a i n  f o r e s t  h a b i t a t s  (Groves ,  

1967) .  P r e s e n t l y  e x t i n c t  i n  Malaysia (Medway, 1 9 6 9 ) ,  t h e  Javan  r h i n o  

p redominan t ly  u s e s  lowland a r e a s  covered by r i v e r i n e ,  swamp, o r  more 

d i s t u r b e d  f o r e c t e d  l l i ~ b i t a t s  (Schenkcl  and S c h e n k e l - l i r ~ l l i g e r ,  

1969;  Hoogerwerf,  1970) .  The A f r i c a n  s p e c i e s ,  t h e  b lack  r h i n o  ( ~ i c e r o s  

b i c o r n i s )  and t h e  w h i t e  r h i n o  (Ceratother iuru  s imun) ,  and t h e  I n d i a n  



r h i n o  (Khinoceros  u n i c o r n i s )  occur  i n  t r o p i c a l  o r  s u b - t r o p i c a l  savanna 

o r  g r a s s l a n d  h a b i t a t s  ( ~ o d d a r d ,  1970; Owen-Smith, 1975; L a u r i e ,  1982) .  

O f  t h e  11 s p e c i e s  o f  t e r r e s t r i a l  mammalian h e r b i v o r e s  found i n  

P e n i n s u l a r  Flalaysia ( ~ e d w a y ,  19691, o n l y  7 s p e c i e s  occur  i n  t h e  mature  

h i l l  f o r e s t s  of  Endau-Rompin; none of  then1 a r e  abundant t h e r e  ( ~ l y n n ,  

unpubl .  d a t a ) .  PIost of  t h e s e  t e r r e s t r i a l  h e r b i v o r e s  p r e f e r  r i v e r i n e  

a r e a s  o r  d i s t u r b e d  secondary  f o r e s t s  f o r  f e e d i n g  h a b i t a t s ,  e s p e c i a l l y  

e l e p h a n t s  (Khan, 1977; O l i v i e r ,  19781, g a u r  (Weigum, 1972; Khan, 

1973; Conry, 1 9 8 1 ) ,  w i l d  p i g s ,  and sambar d e e r  (FIedway, 1969) .  Only t h e  

PIalayan t a p i r  (Wi l l i ams  and P e t r i d e s ,  19801, b a r k i n g  d e e r .  and mouse 

d e e r  f r e q u e n t  t h e  mature  h i l l  f o r e s t s  t h a t  a r e  a l s o  used by t h e  r h i n o s  

(biedway , 1969) .  

Why i s  t h e  u n d e r s t o r y  of ma ture  t r o p i c a l  r a i n  f o r e s t  a  poor 

h a b i t a t  f o r  most mammalian h e r b i v o r e s ?  The u n d e r s t o r y  i s  a  unique 

h a b i t a t  f o r  p l a n t s .  The o v e r s t o r y  t r e e s  and v i n e s  form a  n e a r l y  c l o s e d  

canopy,  c r e a t i n g  a  m i c r o c l i m a t e  c h a r a c t e r i z e d  by c o n s t a n t l y  h i g h  

h u m i d i t y ,  r e l a t i v e l y  c o n s t a n t  t e m p e r a t u r e ,  and low l i g h t  i n t e n s i t y  

( ~ i c h a r d s ,  1952) .  Unders to ry  p l a n t s  must be c a p a b l e  of  e s t a b l i s h i n g  

thenise lves  and growing i n  t h e  s t a b l e  gloom of t h e  h i g h  f o r e s t .  I n  

a d d i t i o n ,  t r o p i c a l  s o i l s  a r e  g e n e r a l l y  n u t r i e n t  poor .  e s p e c i a l l y  t h o s e  

s u s c e p t a b l e  t o  r a p i d  l e a c h i n g  (Whitmore, 1975; Jo rdon  and H e r r e r a ,  

1981) .  The e x t e r ~ f i i v e  r o o t  sys tems of o v e r s t o r y  Lrees  a c t i v e l y  compete 

w i t h  t h e  u n d e r s t o r y  p l a n t s  f o r  a v a i l a b l e  n u t r i e n t s  ( R i c h a r d s ,  1952) .  

Thus,  under s t o r y  s p e c i e s  con~~nonly p e r s i s t  f o r  many y e a r s ,  but  biomnss 

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



f o r e s t  canopy (Whitmore, 1975) .  Most u n d e r s t o r y  p l a n t s  a r e  e v e r g r e e n ,  

and once  l e a v e e  m a t u r e ,  they  may remain f o r  s e v e r a l  y e a r s  (Whitmore, 

1975) .  

The s low growth r a t e  and p r o d u c t i v i t y  of  t h e  mature  r a i n  

f o r e s t  u n d e r s t o r y  were r e f l e c t e d  by p l a n t  phenology.  The v e g e t a t i v e  

t r a n s e c t s  i n d i c a t e d  t h a t  few young l e a v e s  were p r e s e n t ;  982 of t h e  l ea f  

biomass c o n s i s t e d  o f  ma ture  l e a v e s ,  and o n l y  11% of  t h e  stems had young 

l e a v e s  p r e s e n t .  Few f l o w e r s  o r  f r u i t s  were encoun te red .  Janzen (1977) 

had s i m i l a r  o b s e r v a t i o n s .  Me h y p o t h e s i z e d  t h a t  t h e  p a u c i t y  of f l o w e r s  

and f r u i t s  on u n d e r s t o r y  s h r u b s  had a  d e p r e s s i n g  e f f e c t  on t h e  biomass 

and s p e c i e s  r i c h n e s s  of  t h e  u n d e r s t o r y  f a u n a .  I n  c o n t r a s t  t o  t h e  

lowland f o r e s t s  o f  Cos ta  R i c a ,  Janzen (1977) concluded t h a t  t h e  r a i n  

f o r e s t s  of  Malaysia  s i t  on a  poor p i e c e  of  r e a l  e s t a t e .  P h e n o l o g i c a l  

s t u d i e s  o f  t h e  o v e r s t o r y  (McClure, 1966; Eledway, 1972; Raemaekers e t  

a l . ,  1980)  have r e c o r d e d  a  much h i g h e r  p r o d u c t i o n  of  young l e a v e s ,  

f l o w e r s ,  and f r u i t s .  Some s e a s o n a l i t y  i n  l e a f  p r o d u c t i o n  e x i s t e d ;  o f t e n  

young l e a f  p r o d u c t i o n  peaked d u r i n g  t h e  same ntonths (February  t o  May) i n  

which t h e  v e g e t a t i v e  t r a n s e c t s  were enumerated.  

Each l e a f  i n  t h e  u n d e r s t o r y  r e p r e s e n t s  a  s u b s t a n t i a l  

inves tment  i n  n u t r i e n t s  and energy by t h e  p l a n t ;  r e s o u r c e s  t h a t  a r e  i n  

s h o r t  supply  i n  t h e  u n d e r s t o r y  environment .  I n  o r d e r  t o  p r o t e c t  t h e i r  

i n v e s t m e n t ,  p l a n t s  have evo lved  numerous d e f e n s i v e  s t r a t e g i e s  t o  a v o i d  

l e a f  p r e d a t o r s .  Some p l a n t s ,  e s p e c i a l l y  palms and c l i m b e r s ,  a r e  w e l l  

p r o t e c t e d  by p h y s i c a l  s t r u c t u r e s  ( i . e .  t h o r n s ,  s p i n e s ,  h a i r s ,  e t c . )  

growing from t h e i r  s t ems  o r  l e a v e s .  Thorns  and s p i n e s ,  p a r t i c u l a r l y  
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e f f e c t i v e  d e f e n s e s  a g a i n s t  f o r a g i n g  t e r r e s t r i a l  h e r b i v o r e s ,  p robab ly  

evo lved  i n  r e s p o n s e  t o  browsing by mammals ( ~ a n z e n ,  1981) .  Of Malays ian  

mammalian h e r b i v o r e s ,  o n l y  e l e p h a n t s  a r e  c a p a b l e  of  e a t i n g  p l a n t s  

p r o t e c t e d  by t h o r n s  ( ~ l i v i e r ,  1978) .  

Some p l a n t s  e s c a p e  h e r b i v o r y  by b e i n g  u n p r e d i c a t a b l e  i n  s p a c e  

and t i m e  (Feeny,  1976; Rhoades and C a t e s ,  1976) .  The apparency o f  most 

u n d e r s t o r y  p l a n t s  i n  mature  r a i n  f o r e s t s  i s  g r e a t l y  reduced by t h e  h i g h  

s p e c i e s  d i v e r s i t y  of  t h e  h a b i t a t .  Over 4 , 0 0 0  s p e c i e s  of woody p l a n t s  

o c c u r  i n  f o r e s t s  o f  P e n i n s u l a r  Plalaysia (Whitmore, 1972) ;  most of  them 

a r e  r e l a t i v e l y  r a r e  and wide ly  s c a t t e r e d  i n  t h e  u n d e r s t o r y  ( ~ h j t m o r e ,  

1975) .  Aggrega t ions  o f  l i k e  i n d i v i d u a l s  a r e  celdom found,  excep t  i n  o l d  

f i e l d s ,  secondary f o r e s t s ,  o r  f o r e s t  gaps  (Symington,  1933; Kochununen 

and tig, 1977) .  I n  most e c o l o g i c a l  s t u d i e s ,  s t ems  s n ~ a l l e r  t h a n  lOcm DBIl 

a r e  r a r e l y  enumerated because  of t h e  v a s t  number of  s p e c i e s  encoun te red  

( ~ o o r e ,  1968; Whitmore, 1975)  and t h e  ephemeral  n a t u r e  of  many j u v e n i l e  

t r e e s  ( F .  Ng, p e r s .  comm.). I n  t h i s  s t u d y ,  Euuenia sp .  was t h e  most 

common genus  of t h e  u n d e r s t o r y  p l a n t s ,  b u t  comprised l e s s  t h a n  6% of t h e  

s t a n d .  Most p l a n t  s p e c i e s  probably  c o n t r i b u t e d  fewer  t h a n  12 of t h e  

u n d e r s t o r y  s t ems .  

T r o p i c a l  r a i n  f o r e s t  p l a n t s  use  s e v e r a l  chemical  d e f e n s i v e  

s t r a t e g i e s  t o  avoid  l e a f  p r e d a t i o n  (Rl~oodes  and C n t e s ,  1976) .  Tliese 

p l a n t s  c o n t a i n  a  v a r i e t y  o f  secontlary p l a n t  n r e t a b o l i t c s  t h a t  irlf l u e n c c  

f o o d  s e l e c t i o n  by mammalian h e r b i v o r e s  ( F r e e l a n d  and J a n z e n ,  

1974; Rosen tha l  and J a n z e n ,  1979) .  Tann ins  and a l k a l o i d s ,  two c l a s s e s  

o f  secondary  compounds t h a t  have r e c e i v e d  t h e  most a t t e n t i o n ,  a r e  



widespread i n  t r o p i c a l  v e g e t a t i o n  ( ~ u r k i l l ,  1966; Levin and York, 

1978; McKey e t  a l . ,  1978; G o r t l a u  e t  a l . ,  1980; Oatcfl e t  a l . ,  

1980; Waterman e t  a l . ,  1980; Becker,  1981) .  G e n e r a l l y .  h igh 

c o n c e n t r a t  ions  of t a n n i n s ,  o r  o t h e r  l a r g e  pl ienol ic  compounds, r educe  

f o r a g e  q u a l i t y  by i n t e r f e r i n g  wit11 animal metabol ism,  complexing w i t h  

p l a n t  p r o t e i n s ,  o r  i n h i b i t i n g  g u t  m i c r o f l o r a s  ( ~ e e n y ,  1970; F r e e l a n d  and 

J a n z e n ,  1974;  Rhoades and C a t e s ,  1976; Becker,  1982) .  Mature l e a v e s  

from woody p l a n t s  c o l l e c t e d  i n  Endau-Rompin con ta ined  h i g h  

c o n c e n t r a t i o n s  o f  t o t a l  p h e n o l i c s  (I=3.9%, n=80) and condensed t a n n i n s  

(x=5.4%, n=80) .  Phenol ic  compounds were a b s e n t  From only 2 s p e c i e s .  

Compared w i t h  o t h e r  r a i n  f o r e s t  s i t e s ,  c o n c e n t r a t i o n s  of condensed 

t a n n i n s  i n  mature  l e a v e s  from Endau-Rompin were s i m i l i a r  t o  t h o s e  

r e p o r t e d  from t r o p i c a l  r a i n  f o r e s t  s i t e s  i n  Douala-Edea, Cameroon, 

( ~ a r t l a n  e t  a l . ,  1980) and Kakachi,  I n d i a  (Oa tes  e t  a l . ,  19801, but  t h e y  

were much h igher  than  a t  K i b a l e ,  Uganda ( G a r t l a n  e t  a l . ,  

1980; P. Waterman, p e r s .  comm.). 

A l k a l o i d s  c o n s t i t u t e  t h e  l a r g e s t  s i n g l e  c l a s s  o f  secondary 

p l a n t  p roduc t s  i n  f l o w e r i n g  p l a n t s  ( ~ e v i n  and York, 1978).  Because many 

a l k a l o i d s  a r e  po ten t  p o i s o n s ,  they  play a pron~inen t  r o l e  i n  p l a n t  

chemical  de fense  (Rhoades and C a t e s ,  1976) .  The t o x i c i t y  of a l k a l o i d s  

from t r o p i c a l  p l a n t s  i s  g r e a t e r  than t h o s e  from temperate  p l a n t s  (Levin  

and York, 1978).  Phytochemical  s c r e e n i n g  s t u d i e s  i n  Malaysia ( C a r r i c k  

e t  a l . ,  1968; Chan and Teo, 1969,  1472; Chan e t  al., 1977) i n d i c a t e  t h a t  

11 t o  222  of t h e  f o r e s t  p l a n t s  c o n t a i n  a l k a l o i d s .  Gort lan  e t  a l .  

(1980)  found t h a t  8% of t h e  t r e e s  sampled a t  Llouala-Edea c o n t a i n e d  
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a l k a l o i d s  compared w i t h  37% a t  Kiba le .  

P l a n t s  may use  low n u t r i e n t  q u a l i t y  (bloran and t lamil ton,  1980) 

o r  poor d i g e s t i b i l i t y  (Van S o e s t ,  1982) a s  a  d e f e n s e  a g a i n s t  h e r b i v o r e s .  

By p r o v i d i n g  a  low supp ly  of n u t r i e n t s  o r  making them d i f f i c u l t  t o  

e x t r a c t ,  p l a n t s  p r e s e n t  a  p o t e n t i a l  food s o u r c e  t h a t  y i e l d s  a  lower n e t  

b e n e f i t  t o  an  an imal .  Of ten p l a n t s  may s u s t a i n  growth on l e v e l s  of  

m i n e r a l  t h a t  w i l l  n o t  s u p p o r t  an imal  growth (van S o e s t ,  1982) .  Mature 

l e a f  f o l i a g e  from a  v a r i e t y  of  Endau-Rompin p l a n t s  c o n t a i n e d  

cons  i s t a n t  l y  low c o n c e n t a r t  i o n s  of  m i n e r a l  n u t r i e n t s  , i n d i c a t i n g  a  

f o r a g e  of  low n u t r i t i v e  q u a l i t y .  Phosphorus c o n t e n t  was q u i t e  low 

(Z=0.066%, n=93) ,  e s p e c i a l l y  compared w i t h  c a l c i u m  (E=0.74%, n=93) ( c ~ : P  

r a t i o  = 1 1 : l ) .  Crude p r o t e i n  c o n t e n t  was a l s o  low (E=10.2%, n=93) 

compared w i t h  o t h e r  r a i n  f o r e s t  s i t e s  (P .  Waterman, p e r s .  comm.). I n  

a d d i t i o n ,  p r o t e i n  a v a i l a b i l i t y  was probably  reduced  by t h e  h i g h  t a n n i n  

c o n t e n t .  High c o n c e n t r a t i o n s  of  s t r u c t u r a l  c a r b o h y d r a t e s  and l i g n i n ,  

e x p r e s s e d  a s  ADF, f u r t h e r  reduced f o r a g e  q u a l i t y .  C e l l u l o s e  can be 

degraded  o n l y  by mic robes ;  l i g n i n  i s  u n d i g e s t i b l e  (Van S o e s t ,  1982) .  

Endau-Rompin f o l i a g e  averaged  49% ADF, i n d i c a t i n g  h i g h  f i b e r  c o n t e n t  and 

low d i g e s t i b i l i t y  (waterman e t  a l . ,  1980) .  

Stem m a t e r i a l  was c o n s i s t a n t l y  p o o r e r  q u a l i t y  f o r a g e  compared 

w i t h  mature  l e a v e s .  C o n c e n t r a t i o n s  of c r u d e  p r o t e i n ,  a s h ,  and m i n e r a l s  

were s u b s t a n t i a l l y  h i g h e r  i n  mature  l e a v e s .  P e r c e n t  composi t ion of  

f i b e r  i n  s tems w a s  16% more than i n  mature  l e a v e s .  The on ly  i n d i c a t o r  

of  poor q u a l i t y  f o r a g e  h i g h e r  i n  mature  l e a v e s  t h a n  s tems was t h e  

condensed t a n n i n  a s s a y .  
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F o r e s t  g a p s  p l a y  a  prominent r o l e  i n  t h e  s u c c e s s i o n a l  dynamics 

of  t r o p i c a l  r a i n  f o r e s t s  ( ~ a r t s h o r n ,  1978; Whitmore, 1978) .  These g a p s ,  

c r e a t e d  by t h e  d e a t h  and c o l l a p s e  of l a r g e  f o r e s t  t r e e s ,  a r e  f i l l e d  by 

j u v e n i l e  t r e e s  growing i n  t h e  u n d e r s t o r y  o r  by invad ing  s p e c i e s .  As t h e  

u n d e r s t o r y  t r e e s  grow t o  m a t u r i t y ,  t h e  gap  i s  c l o s e d  and t h e  r e b u i l d i n g  

f o r e s t  r e t u r n s  t o  t h e  mature  closed-canopy phase .  Pr imary f o r e s t  

c o n s i s t s  of  a  n e a r  random mosaic  of  g a p ,  r e b u i l d i n g ,  and mature  

s u c c e s s i o n a l  s t a g e s .  Gaps i n  t h e  f o r e s t  canopy p r o v i d e  a b e t t e r  growing 

environment  f o r  many p l a n t s .  The q u a n t i t y  and q u a l i t y  of  l i g h t  r e a c h i n g  

t h e  u n d e r s t o r y  a r e  i n c r e a s e d ,  and n u t r i e n t s  a r e  r e l e a s e d  a s  dead p l a n t s  

decay.  A l s o ,  a  temporary  d e c r e a s e  i n  r o o t  c o m p e t i t i o n  o c c u r s .  Gap s i z e  

h a s  an  impor tan t  i n f l u e n c e  on s p e c i e s  compos i t ion  and growth r a t e s .  I n  

s m a l l  g a p s ,  e x i s t i n g  s h a d e - t o l e r a n t  s e e d l i n g s  and s a p l i n g s  commence more 

r a p i d  growth.  Larger  g a p s  encourage t h e  e s t a b l i s h m e n t  of  more 

l ight -demanding s p e c i e s ,  p l a n t s  more t y p i c a l  o f  secondary  f o r e s t s .  

O f t e n ,  t h e s e  p i o n e e r  s p e c i e s  form smal l  monotypic s t a n d s ,  e s p e c i a l l y  i n  

l a r g e  open ings  (Whitmore, 1975) .  

Exper imenta l  r e s e a r c h  s u g g e s t s  p i o n e e r  p l a n t s  a r e  more 

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

and O r i a n s ,  1975; Coley,  1980; H a r t s h o r n ,  19781,  though e x c e p t i o n s  e x i s t  

( O t t e ,  1975; Majorana,  1977) .  G e n e r a l l y ,  l a t e  s u c c e s s i o n a l  s p e c i e s  a r e  

more a p p a r e n t  i n  t h e  h a b i t a t  (Feeny,  1976) .  Thus,  they  a r e  expec ted  t o  

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

s u b s t a n c e s  t h a t  r e d u c e  d i g e s t i b i l i t y  (Feeny,  1976) .  I n  c o n t r a s t ,  

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



s o l u b l e  c e l l  c o n t e n t s  and l e s s  f i b e r .  Because of  t h e  h igh m e t a b o l i c  

c o s t  of t a n ~ l i n s ,  p i o n e e r s  muy depend on t ln1r11  l q u a n t i t i e s  of p l a n t  t o x i n s  

( i . e .  a l k a l o i d s ,  s a p o n i n s ,  e t c . )  f o r  chemica l  d e f e n s e  (Rhoades and 

C a t e s ,  1976) .  

About 15% of  t h e  S e l a i  s tudy  s i t e  was i n  t h e  gap s u c c e s s i o n a l  

s t a g e .  The remainder  o f  t h e  f o r e s t  was i n  a  c losed-canopy phase ,  e i t h e r  

r e b u i l d i n g  o r  ma ture .  A 1 1  gaps  were s m a l l  i n  a r e a  ((0.1 h a ) ,  c r e a t e d  by 

a  s i n g l e  o r  m u l t i p l e  t r e e  f a l l s ,  and wide ly  s c a t t e r e d .  Because of t h e i r  

s m a l l  s i z e ,  most g a p s  c o n t a i n e d  p l a n t s  t y p i c a l  of  t h e  a d j a c e n t  f o r e s t  

u n d e r s t o r y .  Clumps o f  p i o n e e r s ,  e s p e c i a l l y  Macaranga sp . ,  were found 

o n l y  a l o n g  r i v e r  banks.  

A l l  an imals  must c a p t u r e  n u t r i e n t s  t o  l i v e  and l e a v e  

o f f s p r i n g .  Optimal f o r a g i n g  t h e o r y  a t t e m p t s  t o  e x p l a i n  and p r e d i c t  many 

a s p e c t s  of  f o r a g i n g  b e h a v i o r  ( s e e  Pyke e t  a l . ,  1977) .  N a t u r a l  s e l e c t i o n  

s h o u l d  f a v o r  an imals  t h a t  maximize t h e i r  r a t e  of  n e t  i n t a k e  of p o s i t i v e  

n u t r i e n t ,  w h i l e  a v o i d i n g  t o x i c  s i t u a t i o n s .  A s  a n  an imal  f o r a g e s ,  i t  

chooses  where t o  f e e d ,  what t o  e a t ,  how long  t o  s t a y  i n  a  h a b i t a t  p a t c h ,  

and i t s  p a t h  among h a b i t a t  p a t c h e s .  G e n e r a l l y .  a  f o r a g i n g  animal  shou ld  

s e l e c t  h a b i t a t s  w i t h  t h e  g r e a t e s t  abundance of  p r e f e r r e d  f o o d s ,  choose 

f o o d s  t h a t  p rov ide  i t  w i t h  t h e  g r e a t e s t  n e t  b e n e f i t ,  f e e d  i n  a  h a b i t a t  

p a t c h  u n t i l  i t s  r a t e  of  food  i n t a k e  d rops  below some a v e r a g e ,  and move 

s o  t h a t  t h e  maximum number of  p r e f e r r e d  foods  a r e  encoun te red  ( ~ y k e  e t  

a l . ,  1977) .  Because of  t h e  complex chemical  n a t u r e  of  v e g e t a t i o n ,  

o p t i m a l  f o r a g i n g  t h e o r y  h a s  been unab le  t o  a d e q u a t e l y  p r e d i c t  d i e t s  of  

l a r g e  g e n e r a l i s t  h e r b i v o r e s  (Westoby, 1974) .  Westoby (1974, 1977) 
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s u g g e s t s  s e v e r a l  f a c t o r s  t h a t  cause  l a r g e  g e n e r a l i s t  h e r b i v o r e s  t o  

s e l e c t  more d i v e r s e  d i e t s  than  o p t i m a l  f o r a g i n g  t h e o r y  would p r e d i c t .  

D i v e r s e  d i e t s  i n  t h e s e  a n i m a l s ,  i n c l u d i n g  r h i n o s ,  may r e s u l t  from them 

sampl ing p l a n t s  f o r  p a l a t i b i l i t y ,  b a l a n c i n g  n u t r i t i o n  by mixing t h e i r  

d i e t ,  and s e l e c t i n g  p l a n t s  o r  p l a n t  p a r t s  based on changes i n  abundance 

o r  pheno logy . 
Mammals p o s s e s s  morpho log ica l  and p h y s i o l o g i c a l  a d a p t a t i o n s  

f o r  a  p a r t i c u l a r  f e e d i n g  h a b i t ,  e s p e c i a l l y  s p e c i a l i z a t i o n s  of  t h e  

d e n t i t i o n  and d i g e s t i v e  sys tem.  Ungula te  e v o l u t i o n  h a s  r e s u l t e d  i n  2  

major  g r o u p s ,  p e r i s s o d a c t y l s  and a r t i o d a c t y l s ,  t h a t  a r o s e  from a  common 

' 'proto-ungula te"  a n c e s t o r   anis is, 1976) .  Al though t h e s e  2 u n g u l a t e  

g roups  have d i f f e r e n t  e x t e r n a l  morpho log ica l  c h a r a c t e r i s t i c s ,  t h e  

ecologically impor tan t  d i f f e r e n c e  i s  t h e  anatomy of  t h e i r  d i g e s t i v e  

sys tems  (Foose ,  1982) .  I n  t h e  a r t i o d a c t y l s ,  m i c r o b i a l  f e r m e n t a t i o n  of 

f o o d s  o c c u r s  i n  t h e  rumen, a  g r e a t l y  e n l a r g e d  and compl ica ted  

fo res tomach .  Consequen t ly ,  i n g e s t e d  v e g e t a t i o n  i s  s u b j e c t e d  t o  

m i c r o b i a l  f e r m e n t a t i o n  b e f o r e  r e a c h i n g  t h e  normal s i t e s  o f  mammalian 

d i g e s t i o n  and a b s o r p t i o n  i n  t h e  stomach and i n t e s t i n e s .  The ruminent 

sys tems  a p p e a r s  t o  maximize t h e  e x t r a c t i o n  of  energy and p r o t e i n  p e r  

u n i t  of  v e g e t a t i o n  consumed, b u t  t h e  reticule-omasal o r i f i c e  r e t a r d s  t h e  

p a s s a g e  of  f i b r o u s  p a r t i c l e s  th rough  t h e  g u t  (van  S o e s t ,  1982) .  A l s o ,  

g u t  microbes  may be  e f f e c t i v e  and v e r s a t i l e  i n  d e t o x i f y i n g  p l a n t  p o i s o n s  

 reelan and and J n n s e n ,  1982) .  Because o f  t h e  rumen's forward p o s i t i o n ,  

p l a n t  t o x i n s  would be  d e t o x i f i e d  b e f o r e  t h e y  cou ld  be abeorbcd i n t o  t h e  

u n g u l a t e ' s  body. 
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I n  p e r i s s o d a c t y l s ,  f i b r o u s  m a t e r i a l s  a r e  fermented by 

m i c r o b i a l  a c t i v i t y  i n  a n  e n l a r g e d  .colon a n d / o r  prominent cecum ( ~ a r r a ,  

1978; Van S o e s t ,  1982) .  The p r o c e s s e s  o f  f e r m e n t a t i o n  a r e  s i m i l i a r  i n  

b o t h  g r o u p s ,  but  i n  nonruminents  t h e  s i t e  i s  l o c a t e d  a f t e r  t h e  normal 

s i t e s  o f  enzymat ic  d i g e s t i o n  and a b s o r p t i o n  ( J a n i s ,  1976; P a r r a ,  

1978;  Foose ,  1982) .  Most s o l u b l e  c a r b o h y d r a t e s  and p r o t e i n s  a r e  

d i g e s t e d  p r e c e c a l l y  by enzymat ic  a c t i o n  ( ~ a r r a .  1978) .  I n  g e n e r a l ,  

nonruminants  d i g e s t  f i b e r  t o  a l e s s o r  e x t e n t ,  b u t  t h e y  can e x t r a c t  more 

n u t r i e n t s  pe r  u n i t  t ime  by f a s t e r  passage  r a t e s  and g r e a t e r  i n t a k e s  o f  

f o r a g e  ( P a r r a ,  1978; Foose ,  1982) .  Also ,  nonruminents  minimize n u t r i e n t  

r e q u i r e m e n t s  pe r  u n i t  we igh t  by enlargement  of  t h e i r  body s i z e s .  Thus,  

t h e  nonruminent sys tem may be advantagous  i n  h i g h l y  f i b r o u s  v e g e t a t i o n  

( ~ o o s e ,  1 9 8 2 ) ,  e s p e c i a l l y  i f  foods  a r e  a v a i l a b l e  i n  s u f f i c i e n t  

q u a n t i t i e s .  I n  r e g a r d s  t o  p l a n t  p o i s o n s ,  h i n d g u t  f e r m e n t e r s  a r e  a t  a  

d i s a d v a n t a g e  because  i n g e s t e d  p l a n t  t o x i n s  can be  absorbed i n t o  t h e  

animal ' s  body b e f o r e  e n c o u n t e r i n g  d e t o x i f y i n g  mic robes   reelan and and 

J a n z e n ,  1974; Foose ,  1982) .  Because t h e  nonruminent sys tem i s  l e s s  

e f f e c t i v e  i n  d e t o x i f y i n g  secondary  p l a n t  compounds t h a n  t h e  ruminent 

sys tem,  nonruminents would b e  expec ted  t o  a v o i d  o r  consume s m a l l  amounts 

o f  p o t e n t i a l l y  poisonous  p l a n t s .  On t h e  o t h e r  hand,  t h e i r  l a r g e  body 

s i z e  may a l l o w  nonruminents  t o  t o l e r a t e  c e r t a i n  secondary p l a n t  

compounds i n  t h e  d i e t ,  e s p e c i a l l y  t h e  d i g e s t  ion- reduc ing  compounds. 

Sumatrnn r h i n o s ,  l i k e  a l l  h e r b i v o r e s ,  a r e  expec ted  t o  s e l e c t  

t h e  l e a s t  f i b r o u s ,  most n u t r i t i o u s ,  l e a s t  t o x i c  p l a n t s  a v a i l a b l e ;  bu t  

t h e y  a r e  adap ted  t o  s u b s i s t  on  abundant ,  f i b r o u s ,  low-qual i ty  f o r a g e .  
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Foose (1982) r e p o r t s  t h a t  browsing r h i n o s  a r e  a d a p t e d  t o  e a t  h i g h l y  

l i g n i f i e d  v e g e t a t i o n  t h a t  c o n t a i n s  abundant d i g e s t i b l e  c e l l  s o l u b l e s  b u t  

l i t t l e  f e r m e n t a b l e  f i b e r .  Because t r o p i c a l  r a i n  f o r e s t  u n d e r s t o r y  

f o l i a g e  c o n t a i n s  low c o n c e n t r a t i o n s  of n ~ i n e r a l s  and p r o t e i n s  and h i g h  

amounts of  f i b e r  and secondary  p l a n t  compounds, t h e s e  r h i n o s  would be 

e x p e c t e d  t o  be  s e l e c t i v e  i n  choos ing  f o o d s ,  a t t e m p t i n g  t o  e x t r a c t  

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

p o i s o n s  . 
The f e e d i n g  b e h a v i o r  and d i e t  o f  Sumatran r h i n o s  i n  

Endau-Rompin were S i m i l  i a r  t o  t h o s e  e x p e c t e d ,  g i v e n  h a b i t a t  c o n d i t i o n s  

and f e e d i n g  a d a p t a t i o n s .  H a b i t a t  and food s e l e c t i o n  were s t r o n g l y  

i n f l u e n c e d  by t h e i r  a v a i l a b i l i t y  and q u a l i t y .  These r h i n o s  were found 

t o  be  an imals  of t h e  h i l l  f o r e s t s ,  p r i m a r i l y  o c c u r r i n g  above 300 m. 

W i t h i n  t h e  Endau-Rompin r e g i o n ,  r h i n o  d e n s i t y  was h i g h e s t  i n  h i l l  f o r e s t  

h a b i t a t s ,  a l t h o u g h  a d j a c e n t  lowland h a b i t a t s  were a l s o  used (Flynn and 

A b d u l l a h ,  1983a) .  Elsewhere  i n  Malays ia ,  Sumatran r h i n o s  o c c u r r e d  

m o s t l y  i n  h i l l  f o r e s t  h a b i t a t s  (Flynn and Abdul lah ,  1983b) .  I n  Sumatra ,  

Borner  (1978) found Sumatran r h i n o s  u s i n g  m o s t l y  h i l l  and montane f o r e s t  

t y p e s ,  p a r t i c u l a r l y  i n  t h e  mountainous Gunung Leuse r  Reserve .  

H i s t o r i c a l l y ,  Sumatran r h i n o s  were widely  d i s t r i b u t e d ,  o c c u r r i n g  i n  

h a b i t a t s  r a n g i n g  from c o a s t a l  swumps t o  h i g h  mounta ins  (Van S t r i e n ,  

1 9 7 4 ) .  Rhinos have been e l i m i n a t e d  from most of  t h e i r  former  range  by 

h u n t i n g ,  l e a v i n g  remnant p o p u l a t i o n s .  Human encroachment of lowland 

a r e a s  probably  had a  major  impact on 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  

Endau-Rompin, r h i n o s  were g r a d u a l l y  e l i m i n a t e d  from most lowland a r e a s  
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w i t h  human encroachment ,  e s p e c i a l l y  a g r i c u l t u r a l  development and human 

s e t t l e m e n t  ( ~ l y n n  and A b d u l l a h ,  1983a) .  

The s e l e c t i o n  of  h i l l  f o r e s t  h a b i t a t s  may b e  i n f l u e n c e d  by 

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

a d j a c e n t  lowland a r e a s  (Da le ,  1963) .  The mean d a i l y  a i r  t empera tu re  a t  

t h e  S e l a i  b a s e  camp was 3  C c o o l e r  t h a n  a t  Segamat,  a  lowland s i t e .  

A l s o ,  many s u i t a b l e  wal lowing s i t e s  a r e  a v a i l a b l e  on t h e  r i d g e s  and 

a l o n g  t h e  s m a l l  s t r e a m s  o f  t h e  s t u d y  a r e a .  The l a c k  of  l a r g e  p r e d a t o r s ,  

p a r t i c u l a r l y  t i g e r s ,  i n  most h i l l  f o r e s t  s i t e s  may r e s u l t  i n  h i g h e r  

r h i n o  s u r v i v a l  t h e r e .  L a u r i e  (1978) r e p o r t s  t h a t  i n  Nepal and I n d i a  

t i g e r s  k i l l  I n d i a n  r h i n o  c a l v e s .  Sumatran r h i n o s ,  b e i n g  s u b s t a n t i a l l y  

s m a l l e r  t h a n  I n d i a n  r h i n o s ,  would b e  s u s c e p t a b l e  t o  t i g e r  p r e d a t i o n  

u n t i l  a  g r e a t e r  age .  T i g e r s  were seldom o b s e r v e d  i n  t h e  h i l l  f o r e s t s  o f  

Endau-Rompin ( ~ l y n n ,  unpubl .  d a t a ) .  

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

d e l i n e a t e d  by physiography and canopy cover .  S t ream bottom and lower  

s l o p e  p h y s i o g r a p h i c  t y p e s  were s e l e c t e d  f o r  f e e d i n g ;  upper s l o p e s  were 

a v o i d e d .  Stream bot toms c o n t a i n e d  a  h i g h e r  mean d e n s i t y  of  woody 

s a p l i n g s  and a  g r e a t e r  amount of  t o t a l  l e a f  b iomass ,  i n d i c a t i n g  a  

g r e a t e r  a v a i l a b i l i t y  of  food .  Also ,  t h e  d e n s i t y  o f  c e r t a i n  p r i n c i p a l  

food  p l a n t s  ( i . e .  Prunus sp .  and Eunenia s p . )  were h i g h e r  i n  lower 

s l o p e  t y p e s .  Although n o t  s p e c i f i c a l l y  s t u d i e d ,  f o l i a g e  c o l l e c t e d  f ronl 

s t r e a m  bottom and lower s l o p e  t y p e s  c o n t a i n e d  h i g h e r  mean c o n c e n t r a t i o n s  

o f  m i n e r a l s ,  s u g g e s t i n g  a  f o r a g e  o f  h i g h e r  n u t r i t i o n a l  q u a l i t y .  

A l l u v i a l  s o i l s  i n  s t r e a m  bot toms would be e x p e c t e d  t o  c o n t a i n  more 



m i n e r a l  n u t r i e n t s  t h a n  upland s i t e s  (smallwood, 1966) .  Upper s l o p e s  

were used mos t ly  f o r  t r a v e l ;  r i d g e s  were f r e q u e n t l y  used a s  t r a v e l  

c o r r i d o r s  between d r a i n a g e s .  

T a l b o t  (1960) and S t r i c k l a n d  (1967) s t a t e d  t h a t  t h e  Sumatran 

r h i n o c e r o s  was a n  an imal  o f  secondary  f o r e s t .  C o n t r a r i l y ,  I found them 

t o  s e l e c t  s m a l l  f o r e s t  g a p s  w i t h i n  pr imary f o r e s t  f o r  f e e d i n g  s i t e s .  

S e l e c t e d  f o r e s t  gaps  were a lways  s m a l l  (C0.1 h a ) ,  and p l a n t  compos i t ion  

w i t h i n  t h e  gaps  was n o t  s u b s t a n t i a l l y  d i f f e r e n t  t h a n  t h e  u n d e r s t o r y  of 

t h e  a d j a c e n t  f o r e s t .  Al though gaps  were s e l e c t e d  f o r  f e e d i n g ,  most of 

t h e  f e e d i n g  s i t e s  (59%)  were i n  t h e  closed-canopy f o r e s t ,  and most of  

t h e  f e e d i n g  c a s e s  (75%)  were p l a n t s  t y p i c a l  of  closed-canopy f o r e s t .  

Gaps were widely  s c a t t e r e d ,  a lmost  randomly d i s t r i b u t e d  i n  t h e  f o r e s t ,  

and occup ied  a  s m a l l  p r o p o r t i o n  (15%) of  t h e  a v a i l a b l e  h a b i t a t .  Thus 

f e e d i n g  e x c l u s i v e l y  i n  g a p s  would r e q u i r e  a  s i g n i f i c a n t  amount of s e a r c h  

t i m e .  P l a n t s  growing i n  g a p s  may be s l i g h t l y  more n u t r i t i o u s  bu t  

p robab ly  no t  enough t o  w a r r a n t  f e e d i n g  e x c l u s i v e l y  i n  them. Many gap 

p l a n t s  may u s e  t o x i n s  a s  t h e i r  chemical  d e f e n s e  ( ~ e e n y ,  1976; H a r t s h o r n ,  

1 9 7 8 ) ;  t h u s ,  they  may be  avo ided  by r h i n o s .  I n  l a r g e  gaps  o r  open a r e a s  

( i . e .  r i v e r  banks )  w i t h  s m a l l  clumps o f  s i m i l i a r  s p e c i e s ,  m u l t i p l e  

i n d i v i d u a l s  o f  a s p e c i e s  were seldom e a t e n  a t  a  f e e d i n g  s i t e .  On 

s e v e r a l  o c c a s s i o n s ,  o n l y  1 i n d i v i d u a l  f rom a  clump of  liacaranga sp .  was 

e a t e n .  Only a few l a r g e  o p e n i n g s  o c c u r r e d  i n  t h e  s t u d y  a r e a ,  and t h e y  

were seldom used .  I n  a d j a c e n t  a r e a s ,  f e e d i n g  i n  l a r g e  openirlgs was 

sometimes e n c o u n t e r e d ,  b u t  t h e  a r e a s  were not  f a r  from pr imary f o r e e t .  

Feed ing  i n  l a r g e  open ings  was probably  done d u r i n g  t h e  c o o l e r  p o r t i o n s  



Page 161 

of t h e  day. 

Sumatran r h i n o s  were found t o  be  g e n e r a l i s t  h e r b i v o r e s ,  

f e e d i n g  on a  g r e a t  v a r i e t y  of p l a n t  t a x a  i n  t h e  f o r e s t  u n d e r s t o r y .  I n  

3 4 2  f e e d i n g  c a s e s ,  food p l a n t s  were r e p r e s e n t e d  by 49 p l a n t  f a m i l i e s ,  

102 g e n e r a ,  and from 156 t o  181 s p e c i e s .  An e x h a u s t i v e  l i s t  of p l a n t s  

e a t e n  would probably  c o n t a i n  n e a r l y  e v e r y  s p e c i e s  growing i n  t h e  s t u d y  

a r e a ,  but  most would c o n t r i b u t e  l i t t l e  t o  d i e t  p r o p o r t i o n s .  Thus, 

s imple  p l a n t  l i s t s  p r o v i d e  l i t t l e  i n f o r m a t i o n  on r h i n o  f e e d i n g  ecology.  

Although t h e  d i e t  c o n t a i n e d  a  l a r g e  number of p l a n t  t a x a ,  75% of t h e  

t o t a l  b i t e s  were from 3 0  g e n e r a .  These p l a n t  g e n e r a  were c o n s i d e r e d  t h e  

rh ino ' s  p r i n c i p a l  food p l a n t s .  U n f o r t u n a t e l y ,  good i n f o r m a t i o n  on t h e  

s p e c i e s  composi t ion o f  t h e  u n d e r s t o r y  was n o t  a v a i l a b l e .  The l i m i t e d  

a v a i l a b l e  i n f o r m a t i o n  on u n d e r s t o r y  compos i t ion  i n d i c a t e d  t h a t  some 

p r i n c i p a l  foods  were r e l a t i v e l y  comrnon i n  t h e  u n d e r s t o r y ,  bu t  most were 

r e l a t i v e l y  r a r e ,  compr i s ing  l e s s  than  1% of  t h e  s t a n d .  

S p e c i e s  d i v e r s i t y  of r h i n o  d i e t s  r e f l e c t e d  d i v e r s i t y  i n  t h e  

u n d e r s t o r y  of t r o p i c a l  r a i n  f o r e s t s .  The t o t a l  number of p l a n t  s p e c i e s  

i n  t h e  s t u d y  a r e a  was unknown, but  over  4100 s p e c i e s  o f  woody p l a n t s  

have been c o l l e c t e d  i n  P e n i n s u l a  Plalaysia (whitmore,  1972).  Wyatt-Smith 

(1966) found o v e r  210 s p e c i e s  of t r e e s  ( o v e r  1 0  cm D B H ) ~ ~  a  1 .6  ha  p l o t  

of lowland f o r e s t .  A nearby  p l o t  c o n t a i n e d  a n  a lmost  complete ly  

d i f f e r e n t  s e t  of s p e c i e s .  The l a r g e  number o f  p l a n t  tnxa i n  t h e  d i e t  

i r ~ d i c a t e d  t h a t  many p l a n t s  could be e a t e n  by t h e  r h i n o s ,  b u t  t h e  low use 

i n d i c e s  sugges ted  t h a t  most p l a n t s  were on ly  sampled f o r  p a l a t a b i l i t y .  

A l s o ,  d i e t  d i v e r s i t y  s u g g e s t e d  t h a t  t h e  r h i n o s  were a t t e m p t i n g  t o  mix 



t h e i r  d i e t ,  probably  t o  o b t a i n  a  good b a l a n c e  of  n u t r i e n t s  w h i l e  

a v o i d i n g  t o x i c  dosages  of  secondary p l a n t  compounds. 

Woody p l a n t s ,  i n c l u d i n g  s h r u b s ,  s m a l l  t r e e s ,  v i n e s ,  and 

j u v e n i l e s  of  o v e r s t o r y  t r e e s ,  were a lmost  e x c l u s i v e l y  s e l e c t e d  f o r  

f o r a g e .  Although common i n  t h e  u n d e r s t o r y ,  h e r b a c i o u s  p l a n t s  were on ly  

e a t e n  once.  Also ,  palms were seldom e a t e n .  G e n e r a l l y .  r h i n o s  a t e  t h e  

food  r e s o u r c e  most a v a i l a b l e  t o  a  t e r r e s t r i a l  h e r b i v o r e .  The mean 

d e n s i t y  of woody s a p l i n g s  i n  t h e  u n d e r s t o r y  was 5370 s t e m s l h a ;  t h e  t o t a l  

l e a f  biomass was e s t i m a t e d  a t  390 kg /ha .  P l a n t s  w i t h  woody s tems 

g r e a t e r  than  3.5 cm were seldom s e l e c t e d  f o r  food.  A p p a r e n t l y ,  l a r g e r  

s t ems  were d i f f i c u l t  t o  b r e a k  o r  push t o  t h e  ground.  

By p l a n t  p a r t ,  t h e  rh ino 's  d i e t  c o n s i s t e d  o f  most ly  mature  

l e a v e s ;  young l e a v e s  comprised a  smal l  p r o p o r t i o n  of  t h e  d i e t .  Stem 

m a t e r i a l  was o f t e n  e a t e n  a l o n g  wi th  mature  l e a v e s .  Rhinos seldom 

browsed s t ems  l a r g e r  t h a n  5 m i n  d i a m e t e r ,  a l t h o u g h  s i z e  was q u i t e  

v a r i a b l e .  G e n e r a l l y .  r h i n o s  s e l e c t e d  p l a n t  p a r t  S based on a v a i l a b i l i t y  

and n u t r i t i o n a l  q u a l i t y .  Young l e a v e s  were r a r e  i n  t h e  

u n d e r s t o r y ;  s tems were low i n  n u t r i e n t s  and h i g h  i n  f i b e r .  Most 

a r b o r e a l  f o l i v o r e s  i n  r a i n  f o r e s t  h a b i t a t s  show a  s t r o n g  p r e f e r e n c e  f o r  

young l e a v e s ,  s e e d s ,  o r  f r u i t s  (Ch ivers ,  1980; Oa tes  e t  a l . ,  1980; McKey 

e t  a l . ,  1981) .  F r u i t s  were a l s o  an  impor tan t  p a r t  of t h e  I-hinos d i e t ,  

bu t  anio~lnts e a t e n  were d i f f i c u l t  t o  q u a n t i f y .  Most la rge  f l e s h y  f r u i t s  

were e a t e n  when a v a i l a b l e ,  e s p e c i a l l y  mangos. F r u i t s  and s e e d s  a r e  h i g h  

i n  m i n e r a l s  and d i g e s t i b l e  energy (McKey, 19781,  g e n e r a l l y  good food  

p a c k e t s .  F r u i t s  may p r o v i d e  impor tan t  a c c e s s o r y  n u t r i e n t s  t h a t  



s u b s i d i z e  d i g e s t i o n  of t h e  h igh- tox in  l o w - n u t r i e n t  l e a f  p o r t i o n  of t h e  

d i e t  ( M C K ~ Y ,  1978) .  A l s o ,  Foose (1982) s t a t e s  t h a t  t h e  nonruminant 

d i g e s t i v e  system i s  a d a p t e d  t o  e f f i c i e n t l y  d i g e s t  f r u i t s .  A p p a r e n t l y ,  

Sumatran r h i n o s  spend a c o n s i d e r a b l e  amount of  t ime  s e a r c h i n g  f o r  

f r u i t i n g . t r e e s .  Dur ing a  major f r u i t i n g  p e r i o d ,  r h i n o  t r a c k s  f r e q u e n t l y  

l e d  t o  f r u i t i n g  t r e e s .  On o t h e r  o c c a s i o n s ,  r h i n o  t r a i l s  passed  under  

t r e e s  t h a t  had been i n  f r u i t  p r e v i o u s l y .  Rhinos may be important  s e e d  

d i s p e r s e r s  f o r  t r e e s  w i t h  l a r g e  f l e s h y  f r u i t s .  

N u t r i t i o n a l  q u a l i t y  of  t h e  d i e t  of  Sumatran r h i n o s  was 

g e n e r a l l y  low. D i e t  was c h a r a c t e r i z e d  by low l e v e l s  of m i n e r a l s  and 

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

Phosphorus c o n t e n t  was e s p e c i a l l y  low (0 .077%) and may have been a 

l i m i t i n g  f a c t o r .  Although l i t t l e  i n f o r m a t i o n  h a s  been a v a i l a b l e  on t h e  

n u t r i t i o n a l  r e q u i r e m e n t s  of  r h i n o s ,  Robinson and S l a d e  (1974) 

recommended t h a t  h o r s e s  shou ld  have a  d i e t  c o n t a i n i n g  about  0.45% 

phosphorus  and ca lc ium w i t h  a  Ca:P r a t i o  not  exceed ing  2 : l .  Low 

phosphorus  l e v e l s  i n  t h e  d i e t  have a  s u b s t a n t i a l  impact on r e c r u i t m e n t  

i n  most man~mals by r e d u c i n g  f e r t i l i t y  i n  f e m a l e s  and s u r v i v a l  of  young. 

Rhinos may have improved t h e  m i n e r a l  c o n t e n t  o f  t h e i r  d i e t  by e a t i n g  

f r u i t s .  Crude p r o t e i n  c o n t e n t  (11.3%) o f  t h e  d i e t  was r e l a t i v e l y  low, 

e s p e c i a l l y  c o n s i d e r i n g  t h e  h i g h  condensed t a n n i n  c o n t e n t  ( 4 . 8 X ) .  By 

complexing w i t h  p l a n t  and an imal  p r o t e i n s ,  t a n n i n s  and p t ~ e n o l i c s  

p robab ly  reduced p r o t e i n  d i g e s t i b i l i t y .  F i b e r ,  expressed  a s  ADF, was 

h i g h  (45%) i n  t h e  d i e t .  Choo e t  a l .  (1981)  found t h e  ADF a s s a y  h i g h l y  

i n v e r s e l y  c o r r e l a t e d  w i t h  d r y  m a t t e r  d i g e s t i b i l i t y .  Because of 



d i g e s t i v e  system a d a p t a t i o n s ,  r h i n o s  were  a b l e  t o  e x p l o i t  a  h i g h  f i b e r  

d i e t .  A p p a r e n t l y ,  r h i n o s  were a b l e  t o  t o l e r a t e  t a n n i n s  and p h e n o l i c  

compounds i n  t h e  d i e t ,  p o s s i b l y  by p a s s i n g  them q u i c k l y  through t h e  

d i g e s t i v e  system (Foose ,  1982) .  Limited i n f o r m a t i o n  from t h e  l i t e r a t u r e  

s u g g e s t e d  t h a t  t h e  d i e t  c o n t a i n e d  few p l a n t s  w i t h  a l k a l o i d s  o r  s a p o n i n s .  

P l a n t  c h e m i s t r y  i n f l u e n c e d  food  s e l c t i o n  by Sumatran r h i n o s .  

G e n e r a l l y ,  r h i n o s  a t e  a v a i l a b l e  mature l e a v e s  t h a t  provided t h e  b e s t  

food  p a c k e t .  Nature  l e a v e s  o f  c e r t a i n  food p l a n t s  c o n t a i n e d  

s i g n i f i c a n t l y  h i g h e r  mean c o n c e n t r a t  i o n s  of  most m i n e r a l s  (ASH,  P, Ca) 

and c r u d e  p r o t e i n  compared w i t h  p l a n t s  c o l l e c t e d  randomly a l o n g  

t r a n s e c t s .  The mean c o n t e n t  of ADF i n  f o o d  p l a n t s  was s u b s t a n t i a l l y  

lower ,  i n d i c a t i n g  t h a t  f i b e r  was a  s t r o n g  f a c t o r  a f f e c t i n g  food  

s e l e c t  ion .  D i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  showed good s e p a r a t i o n  

between .group c e n t r o i d s  o f  p r i n c i p a l  food  p l a n t s  and non-food 

p l a n t s ;  p l a n t s  c o n t r i b u t i n g  l i t t l e  t o  d i e t  p r o p o r t i o n s  were 

i n t e r m e d i a t e .  Over 64% o f  t h e  p l a n t  samples  were c l a s s i f i e d  a c c u r a t e l y  

i n t o  t h e i r  r e s p e c t i v e  g r o u p s ,  based on p l a n t  c h e m i s t r y ,  u s i n g  DF 

a n a l y s i s .  I n  c o n t r a s t  t o  t h e  o t h e r  2 g r o u p s ,  p r i n c i p a l  food p l a n t s  l a y  

i n  a  chemical  s p a c e  t h a t  was h i g h  i n  m i n e r a l s ,  N, and TP,  bu t  low i n  ADF 

and CT. Non-food p l a n t s  were h i g h  i n  ADF and low i n  m i n e r a l s  and N .  

The DF a n a l y s i s  i n d i c a t e d  t h a t  p l a n t s  e a t e n  i n  t h e  g r e a t e s t  amounts 

c o n t a i n e d  more m i n e r a l s  and c r u d e  prc1tej.n. P l a n t s  h i g h  i n  p h e n o l i c  

conipo~~rids were e a t e n ,  bu t  p l a n t s  11igl1 i n  condeuned t a n n i n s  were used 

l e s s .  Other  p h e n o l i c  compounde, e x p r e s s e d  a s  T P ,  d i d  no t  a d v e r s e l y  

a f f e c t  food  s e l e c t i o n .  Sometimes p h e n o l i c  compounds complex w i t h  



a l k a l o i d s  t o  form i n s o l u b l e  t a n n i n s   reelan and and Janzen ,  1974) .  Any 

d e t o x i f i c a t i o n  of  a l k a l o i d s  may r e s u l t  i n  a p l a n t  be ing  more p a l a t a b l e  

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

d i e t .  

Although h i g h  i n  t h e  d i e t ,  some p l a n t  t a x a  were below a v e r a g e  

i n  n u t r i t i o n a l  q u a l i t y .  Some p l a n t s ,  i . e .  E u ~ e n i a  sp .  and Prunus s p . ,  

were r e l a t i v e l y  common i n  t h e  u n d e r s t o r y .  These p l a n t  t a x a  p robab ly  

p rov ided  some n e t  b e n e f i t  t o  t h e  animals  w i t h o u t  i n t r o d u c i n g  p l a n t  

t o x i n s ;  t h e i r  h i g h  a v a i l a b i l i t y  made them s u i t a b l e  f o r a g e .  P l a n t s  t h a t  

were h i g h  i n  n u t r i e n t  c o n t e n t  bu t  low i n  t h e  d i e t  probably  c o n t a i n e d  

p l a n t  t o x i n s ,  o r  t h e y  were r a r e  i n  t h e  h a b i t a t .  

I n  c o n c l u s i o n ,  Sumatran r h i n o  f e e d i n g  ecology was i n f l u e n c e d  

by t h e  a v a i l a b i l i t y  and q u a l i t y  of f o o d s .  I n  g e n e r a l ,  mature  l e a v e s  

s e l e c t e d  f o r  food  c o n t a i n e d  r e l a t i v e l y  h i g h  l e v e l s  of  most m i n e r a l s  and 

c r u d e  p r o t e i n ,  bu t  low amounts o f  f i b e r  and condensed t a n n i n s .  Leaves 

c o n t a i n i n g  p l a n t  t o x i n s  were probably  avo ided .  The  h igh  p l a n t  s p e c i e s  

d i v e r s i t y  i n  t h e  h a b i t a t  r e s u l t e d  i n  t h e  r h i n o s  hav ing  a  d i v e r s e  d i e t .  

A l s o ,  d i e t  d i v e r s i t y  was probably  i n f l u e n c e d  by t h e  r h i n o s  sampling 

p l a n t s  f o r  p a l a t a b i l i t y ,  b a l a n c i n g  t h e  n u t r i t i o n a l  compos i t ion  of t h e i r  

d i e t ,  and mixing t h e i r  d i e t  t o  avoid  t o x i c  dosages  of  secondary p l a n t  

compounds. 
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APPENDIX A 

PLANT 'l'AXA RECORDED AS EATEN BY SUMATRAN RlIINOCEROS I N  THE ENDAU-ROEPIN 
AREA, SOUTHERN PENINSULAR PLILAYSIA. 

S c i e n t i f i c  name Number of Feed ing  cases 

A c e r a c e a e  
Acer Zauri~&v 

Act  i n i d i a c e a e  
Sauraxia sp. 

A l a n g i a c e a e  
A Znngiwn ebettaCc?~~n 

Annonaceae 
t7on<ot~tcz laz2.f ::p.  
;.ic.)i!ocarl-?:~ nasy1:m Z i r :  
20 I3a I I:;! icr g la:accr 

hpocynaceae  
Tabsmacmontnna sp .  

A q u i f u l i a c e a e  
.l Le:!: macroplzy I Zcz 

A r a c e a e  
I(brr~alomc?n z,ubrw 

B u r s e r a c e n e  
Dacrtjades laxa 
D .  r'z~$usa 

C e l a s t r a c e a c  
Ehesa paniculn t a  
C7,yptopetnZz~l fr~utico::tun 
Loplzopct-a Zum j'Zor~ibznldzun 

Convo I vri laceae 
Erg(:ibe c p .  
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S c i e n t i f i c  name Number o f  f e e d l n g  c a s e s  

D i c h a p e t a l a c e a e  
Dichape taZwn sp . 

D i p t e r o c n r p a c e a e  
Hopea nutans 
Hopea sp. 
Shorca ZeprosuZa 
S.  m a x i m a  
S.  parvifoZia 

Ebenaceae 
Diospyros subrhomboidea 
D.  waZZichii 
Diospyros sp. 

E l a e o c a r p a c e a e  
E laeocarpus pe t i o  Zatus 
E Zaeocarpus sp . 

Euphorb iaceae  
Antidesrna cuspidatwn 
A.  veZutinoswn 
Antidesma sp. 
Aporusa sp. 
Baccaurea Zanceo.Zata 
Croton Zaevifo Zius 
GZateriospermum tapos 
GZochfdion hypoZeucwn 
Glochidan sp . 
Macaranga hosei 
LY. Zaciuia ta 
id. pruinosa 
El. tr i loba 
Pinze Zodendron g r i f f i  thianwn 
Trigonop Zetcra ma Zayanp 

Fagaceae  
Lithocurpus sp. 
Qzteilcz~s oidocmpa 

F l a c o u r t i n c c a e  
Casearia Zobbiana 
Pia~our tZn  sp. 
Homu l iwn  sp. 



S c i e n t i f i c  name Numbcr of feeding cases 

Gne tncene 

G~letwn c p .  

t:cx l ~ p h y  l Zwn sp. 
Gurc~:nia J'brbesii 
G .  yr'i f f i t h i i  
Garcitzia sp .  

tiyper incaceae 

Ci2a t o q  Z,?m ~orrnosum 

Icacinaceae 

Gonocarywn glaaci Ze 
Medzrsan thera graci lis 
Medusanthera sp. 
Sternonurus secundifZorus 

Lauraceae 

Ciizn.momwn iners  
Endia~zd12a ki?gia?uz 
Endiatzdra sp . 
Litsea cmtara 
L .  izidu l a r i s  
Litspa sp. 
!;lot7zophoebe sp .  

Leeaceae 

Leea ilzdica 

Legurninosae 

blelas tomataceae 

~"/IC> Lne toj7m ma %aba t hriczm 
P:clcl::/o!nrz ,717. 

LJIuj 1 I t  ztga this YU t?{nJ~:f'o l i a  

lleliaceae 

Ag Zaia g r i  ffi t h i i  
A . tcnuicntr Zis 
A g l c t i c ~  c p .  



S c i e n t i f i c  name Nurnbcr oC f e e d i n g  cnscs 

. - 
,:~J~,,:i74~~z.i.rc~T:: I+OJ~.I :  til kn 
C / I ~ S O C ~ Z ( :  tcn np . 
Dysoxy ZZLV sp. 

Floraccac 
Artocarpus e lcrsticus 
A .  ?z i t iQ~[s  
A .  ripit&s 
Ficus cluwtacea 
F .  u'cp~essu 
F .  fistzrlosa 
F .  ;7rossularioides 
F .  schilarzii 
E'. sinzlata 
F .  z~r27:g landu Zosa 
F .  vasculosa 
F .  vrieseana 
Fic7.c~ sp. 
Streb 224s e longatz~s 

Piyrtrlceae 
Ei.ty enia anisosepala 
E. cercisij'omis 
E. dcnsif  Zor2a 
E.  ri!,vjgioiJ~:: 
E~<jr:n.ia s p .  

Ole.?ceae 
Chionant7z:~s Z(nnosa 
C. o Zigailtlizts 
C .  ~,(unl: f lorus 
Chiormnt3zzis sp. 



Appcnd ix  A ( C o n t  ' d )  . 

S c i e n t i f i c  names Number o f  f e e d i n g  c a s e s  

I'almac 

Ca Zarritis sp . 
k:orthalsia sp. 

P o l y g a l a c e a e  

Xarithophy lZwn sp. 

R h i z o p h o r a c e a e  

iInisoph3 2 lea grandis 
Gt.j~toti;ocl~-;s axi  2 Z.a~is  
PeZZacaZyx succardianus 
PeZZacalyx sp. 

Rosaceae  

Prunus arborea 
P.  grisea 
F .  ma lay ana 
F .  odorata 
P. pozystachya 
P Y ' U ~ U S  s p .  

R u b i a c e a e  

Amaracarpas cuudatus 
Amnracarpus sp. 
Gardenia sp. 
Lncianthus sp. 
Irigcetia sp. 
Pauetta iltdicn 
Favetta sp. 
Randia scortechini 
Rundia s p .  
Timonius s p  . 
U?lctu>ia ; p .  
Ur~ophy I Z~un g 2abzvun 
Urophzj 1 2 )  0.:. "11 . 

Ru t a c e n e  

Acr~a~z~jchin pori d c r d i  
A t  t1 ltr?zt in ro.t:l)ux~gIzicuu~ 
Lzc mctzga sciaruiotzu 
L~{ui,c??ga s p .  
Tetractom La sp. 

Sapinrl :~ce.?e 

All.ij tern s p .  
MZschocarpu:; s p  . 
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Appendix A (Cant ' d )  

Sc i enc i f i c  na~ncs  Number of feeding cases 

Pome t i a  pinnuta 
,Yerospermun wa Z Zichii 

Sapotaceae 
Madhuca korthaZsii 
Pa Zaquium hexandrwn 
P. rostratwn 
Fa Zaquiwn sp . 
Payena Zucidir 

S i m a  roubaceae 
Quassia indica 

S tercul iaceae  
StercuZia sp. 

S tyraceae 
Styrax bezlzoin 

Syniplocaceae 
Symp locos adenophy Z Za 

Ttieaceae 
Adimndriz acwnimta 
Adinandra sp. 
Terns troemia penangiana 

Ti l i aceae  
Grewia Zawlifolia 
G. panictilata 
Grewia sp. 

Ulmnceae 
Gironniera nervosa 
G. subaequazis 

Verbenaceae 
Ca l Zicarpa sp . 
CZer~oden&um v i  ZZoswn 
C le~odenchwn ap . 
Congea forbessii 



APPENDIX B 

CHEMICAL COMPOSITION O F  CERTAIN SUMATRAN RHINO FOOD PLANTS. S A W L E S  CONTAINED ONLY MATURE LEAF M- 
TERIAL.  VALUES EXPRESSED AS PERCENT DRY MATTER. 

P l a n t  taxa ASH N P Ca ' K  Mg T P  CT ADF 

Acer laz~ir , ,m 
A. Zaurinm 
Ag Zaia g r i y f i  t h i i  
Ag Zaia sp. 
Antidesma cus~idatzun 
A .  ve iutinos:m 
Antidesma sp. 
Aphnamizis rohituka 
Ardtsia co Zorah 
A.  coZ02~ata 
A .  oxyphy ZZa 
Ardisia sp. 
Artoca~pua riz idus 
Arytera sv. 
Bnccmrea Zc~czo Zatu 
Bhesa panic:( lcrta 
B.  panicu Za$a 
B. panicuZa$u 
9. panicuZcx 
Clzionanthus o iiganthus 
Chisocheton sp . 
Croton Zae3i;"olitts 
Cynon~et~a ca:t Z i f  Zora 
Diospyros sp . 
Diospyros S F .  

BZzeocarpus petio Zatus 



P l a n t  taxa ASH N P C n  K FIE: TP CT ADF 

E L ..,ccal-dDxs 
L S F *  

E:: ..:::La ~-?eraszf'o~mis 
E:.. . ::?:ct 22??si j l l . o~~a  
E: : 3a syz;igio?es 
E ;  -:IG s p .  
E;: - :,;-La sp. 

1'32cZ 21ac970s; 
F .  i9aczmoscc 
3icii3 cirartccza 
F. h a 9 t a c e c  
F .  chcr?ircec 
F .  ch.ztazea 
P. m i g  la?;d:~ Zosa 
F .  v c s c ~  losa 
Fizus SF. 
t ? i ~ i { ~  ;F. 
Fkcstirtia sp. 

, . 
GczciizZtr jmor,hesz,; 
Gu1,da;if a sp . 
Cio2?ct~nie~~a iz~r2osa 
GZoch idion sp . 
Gr?vrocmytm g_rcz3 Lz 
C~/mrsc~~ar.ti . .a~~ ;.o_rbesii 
G. jbrbes<i 
G y z c  croci-zes I Izr i s  
iiopea ndtclzs 

Knema c u r t i s i i  
K .  Jnclayara 
L c a i z ~ t h u s  ap. 
Las f ~iz thus  S?. 
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P l a n t  taxa ASH N P Ca K I% TP C T ADF 

Pmnus arborea 
P .  arborea 
P.  az5orea 
3. arborea 
P. mSorea 
P. arborea 
P. avborea 
P. urjorea 
P. a--bores 
P. mborea 
P. arbo~ea 
P.  ar3orea 
P. arjorea 
P. mborea 
P. arborea 
P. arborea 
P. na layam 
P. RC layam 
Querais o i c i o c c ~ ~ c  
Raxdia scor t~c; : i i : i i  
Shorea Zep~los~~ih 
S .  parvifo l i a  
S .  purz~ifoZic 
S ~ & ' , u s  E Z C P I S ~ S  
Styrorc benzoii: 
Tel?.,stroemiu perargianu 
Timonius sp. 
Triyonop leura rra lagara 
Xerospemzun GC l l i c h i i  
X .  waZZichii 



CHEMICAL COEIPOSITION O F  MATURE L E A F  MATERIAL COLLECTED FROM C E R T A I N  UNDERSTORY P U N T S  SELECTED 
RANDOMLY ALONG T W S E C T S .  VALUES EXPRESSED A S  PERCENT DRY MATTER. 

P l a n t  taxa ASH N P C a K TP C T  ADF 

A2angiu.n eberuzceuq 
Casearia S ; .  

Chisocheton sp. 
Cinnmonnm iners 
Cry  p tocarja Y~L*  losa 
Ourio maZnccensis 

' Erycibe sp. 
Eryci5e sp. 
Gonys t z z  lus confusus 
Gordonia S F .  

Homa Kiim sp. 
HulZettia iimosa 
Lithocarpus sp. 
blemec_u lon s p  . 
Neoscortechtiza par,icv.lata 
PoZyaZthia sp. 
Pterospemm java?:icm 
Rhodamnia cixerza 
Shorea acz~~iruzta 
S .  ovalis 
S .  singkmang 
Shorea sp. 
Stemonumts sp . 
Trigonos tmon  sp . 
Xanthophyiim sp. 
Xanthophy 2 2.m sp . 
Xy Zopia map& 


