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ABBREVIATIONS 

Apart from s tandard  abbrevia t ions ,  and those  explained i n  t h e  

t e x t ,  I have used t h e  fol lowing no ta t ions  t o  desc r ibe  rh inos '  sex and 

age c l a s s e s .  

(a)  General A = Adult 

C = Calf  

Thus, A d  = a d u l t  male and S? = sub-adul t  female.  In t h i s  contex t ,  

? = sex not determined; t hus  S? = sub-adul t  o f  unknown sex. Also, 

0 
A+ + c = a  cow-calf p a i r .  

(b) I d e n t i f i e d  ind iv idua l  S 

Pref ixes  t o  i nd iv idua l  i d e n t i f i c a t i o n  numbers s i g n i f y  the  sex  and 

age of  t h e  ind iv idua l ;  

thus  M = a d u l t  male 

m = sub-adult  male 

F = a d u l t  female 

f  = sub-adul t  female. 
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A f i e l d  s tudy o f  t h e  g r e a t e r  one-horned o r  Indian rhinoceros (Rhino- 

ceros unicornis L.) was c a r r i e d  out i n  t h e  Chitawan Valley of  southern 

Nepal between December 1972 and June 1976. The sub - t rop ica l  r i v e r i n e  

f o r e s t s ,  swamps and up t o  e i g h t  metres  t a l l  g rass lands  o f  Chitawan a r e  

probably s i m i l a r  t o  those  i n  which t h e  Indian rh ino  evolved. The monsoonal 

c l imate ,  f i r e s ,  f l oods ,  f requent  changes i n  r i v e r  courses  and t h e  a c t i v i t i e s  

o f  man and h i s  domestic s tock  r e s u l t  i n  a g r e a t  d i v e r s i t y  o f  e a r l y  success-  

i o n a l  vege ta t ion  s t a g e s  on t h e  v a l l e y  f loo r .  

Rhinos were observed on f o o t ,  from elephant  back and from t ree-p la t forms,  

f o r  a t o t a l  of 1,182 hours (6,401 s igh t ings ,  3,126 rh ino  hours) .  More than  

200 rh inos  were ind iv idua l ly  i d e n t i f i e d  from d i f f e r e n c e s  i n  horn shapes, 

n i cks  i n  t h e  e a r s  and bumps and i r r e g u l a r i t i e s  i n  t h e  p a t t e r n s  o f  t h e  sk in  

fo lds .  The t o t a l  populat ion s i z e  was est imated t o  be between 270 and 310 

ind iv idua l s ,  with populat ion d e n s i t i e s ,  i n  t h e  favoured f lood  p l a i n  h a b i t a t s ,  

o f  up t o  4.85 rh inos  p e r  km2. The o v e r a l l  sex and age composition of  t h e  

popula t ion  was 32.3% adu l t  females,  19.9% a d u l t  males, 21.2% sub-adul ts  and 

26.6% ca lves .  Females first calved a t  a mean age o f  7.1 years ,  and t h e  

median i n t e r c a l v i n g  i n t e r v a l  was 2.8 years .  Minimum annual m o r t a l i t y  r a t e s  

were es t imated  t o  be: p e r i n a t a l  - 5.6%, juven i l e s  - 8.5%. sub-adul ts  - 1.2%, 

a d u l t s  - 3.4%. Causes of  dea th  included poaching, t i g e r  preda t ion  on t h e  

ca lves  and i n t r a s p e c i f i c  f i g h t i n g  among t h e  males. The populat ion was 

es t imated  t o  be inc reas ing  a t  a r a t e  of  between 2% and 6% pe r  year .  

Rhinos f ed  from 183 spec ies  o f  p l a n t s  belonging t o  57 botan ica l  

f ami l i e s ,  bu t  g ra s s  (50 spec i e s )  made up between 70% and 89% of  t h e i r  d i e t  

according t o  t h e  season. Other foods included browse and aqua t i c  p l a n t s .  

Rhinos spent  36% o f  t h e i r  time feeding  during t h e  monsoon and between 57% 

and 65% during t h e  win ter  and t h e  spr ing .  Considerable seasonal  v a r i a t i o n s  



i n  food a v a i l a b i l i t y  r e s u l t e d  i n  r egu la r  movements o f  rh inos  between 

h a b i t a t  types .  In gene ra l ,  r h inos1  ranges were sma l l e s t  i n  t h e  a r eas  of 

g r e a t e s t  h a b i t a t  d i v e r s i t y .   he mean '90% range1 a r e a  (smaller  than  t h e  

t o t a l  range) f o r  t he  37 most f requent ly  s igh ted  ind iv idua l s  was 3.26 km2, 

and t h e r e  were no s i g n i f i c a n t  d i f f e r ences  between t h e  range s i z e s  o f  each 

sex and age c l a s s .  

Rhinos were predominantly s o l i t a r y ,  a l though temporary aggregat ions 

a t  wallows and feeding  grounds were f a i r l y  f requent .  Only 9.6% of  obser-  

va t ions  were of groups o t h e r  than cow-calf p a i r s .  The most common type 

of group cons is ted  o f  sub-adul ts  - mainly sub-adul t  males. Ten aud i to ry  

d i sp l ays  were d is t inguished  and v i sua l  d i sp l ays ,  a l though - l e s s  ' s t r i k i n g ,  

included bar ing  t h e  lower i n c i s o r  tusks.  Scents  were c a r r i e d  i n  t he  dung, 

t h e  u r i n e  and the  pedal scent  gland. S q u i r t - u r i n a t i o n  and foot-dragging 

d i sp l ays  were performed only by breeding males. 

There was some degree o f  range e x c l u s i v i t y  among breeding males, b u t  

no t r u e  t e r r i t o r i a l i t y .  Poor v i s i b i l i t y  and t h e  r e l a t i v e l y  unpredic tab le  

d i s t r i b u t i o n  of  resources  i n  time and space have perhaps se l ec t ed  aga ins t  

a  t e r r i t o r i a l  mating system. Relat ionships between ecology and s o c i a l  

o rgan i sa t ion  a r e  d iscussed  with re ference  t o  o t h e r  spec ies .  

Threa ts  t o  t h e  continued su rv iva l  of  t h e  Indian rhino inc lude  poach- 

ing ,  encroachment by c u l t i v a t o r s  and s tock-grazers ,  e ros ion  a s  a  r e s u l t  o f  

annual ly i nc reas ing  f lood  l e v e l s  and invasion o f  some o f  the  Indian r e s -  

e r v e s  by e x o t i c  p l a n t s .  I n  o rde r  t o  spread t h e  r i s k  o f  a  ca tas t rophe  and 

t o  ease  t h e  poss ib l e  overcrowding i n  t h e  two n a t i o n a l  parks,  r e i n t r o d u c t i o n s  

of rh inos  t o  o t h e r  p ro t ec t ed  a reas  a r e  proposed. 



1. INTRODUCTION 

1 .1  Aims o f  t h e  s t u d v  

This d i s s e r t a t i o n  concerns  a s t u d y  of t h e  ecology and behaviour  of 

t h e  g r e a t e r  one-horned r h i n o c e r o s  (17hinoceroa tazicomis Linn . ) i n  t h e  

Royal Chitawan Narrional Park,  Nepal between December 1972 and June 1976. 

Ver). l i t t l e  was known o f  t h e  b io logy  o f  t h e  g r e a t e r  one-horned o r  Ind ian  

r h i n o  b e f o r e  t h i s  s t u d y  began. 

The main aim o f  t h e  s t u d y  was t o  p rov ide  in format ion  about t h i s  r a r e  

and sndangered s p e c i e s ,  \ ihich would be u s e f u l  i n  making p l a n s  f o r  conser -  

v a t  ion  and mar,agement. Informat i o n  was needed on: - 

(a )  numbers and d i s t r i b u t i o n ,  

(b) p o p u l a t i o n  dynamics, 

(c)  d i e t ,  

(d) movement S ,  

( e )  behav iour  and s o c i a l  o r g a n i s a t  i o n .  

Beyond t h e  p u r e l y  p r a c t i c a l  a i n s  o f  t h e  s t u d y ,  I  wanted 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 ecology and s o c i a l  o r g a n i s a t i o n ,  and t h e  

s e l e c t i o n  p r e s s u r e s  f o r  t h e  observed s o c i a l  o r g a n i s a t i o n .  I aimed t o  

make comparisons wi th  t h e  ecolog>. and behav iour  o f  o t h e r  u n g u l a t e s ,  

e s p e c i a l l y  r h i n o s ,  and t o  c o n s i d e r  c a r e f u l l y  t h e  wa),s i n  \ ihich i n d i v i d u a l  

d i f f e r e n c e s  i n  behaviour  might a f f e c t  r e p r o d u c t i v e  s u c c e s s .  

1 . 2  Prev ious  knowledge o f  t h e  s p e c i e s  

There a r e  numerous h i s t o r i c a l  r e c o r d s  and h u n t e r s '  t a l e s  concerning 

t h e  Ind ian  r h i n o ,  and s e v e r a l  anatomical  t r e a t i s e s  and r e p o r t s  on t h e  

s p e c i e s  i n  c a p t i v i t y .  Th i s  s t u d y ,  however, i s  t h e  f i r s t  prolonged 

s c i e n t i f i c  s t u d y  o f  t h e  Indian r h i n o  i n  t h e  w i l d .  The Af r ican  r h i n o s ,  

on t h e  o t h e r  hand, have been s t u d i e d  i n  d e t a i l ,  and t h e r e  i s  a l s o  some 



information a v a i l a b l e  on the  two south-east  .Asian spec i e s .  Brief  d e s c r i p t -  

i ons  of t h e  f i v e  l i v i n g  spec i e s  of  rh inos  and t h e i r  d i s t r i b u t i o n s ,  and t h e  

main sources o f  information a r e  given i n  Appendix A.  Here, I give a b r i e f  

account o f  t h e  l i t e r a t u r e  concerning the  Indian rh ino .  

In the Chandogya Upanishad of 900 BC, t h e  rhinoceros was recorded a s  

an animal which, with the  elephant  and t h e  bu f fa lo ,  l i v e d  i n  marshes and 

grazed on r i v e r  banks (Rao, 1957) . There a r e  even o l d e r  records of  the 

spec ies :  4,000 yea r  o ld  carved s e a l s  from Harappa and Mohenjodaro i n  

Pakistan bea r  unmistakeable r ep re sen ta t ions  of  Rhinoceros wlicornis (Lang, 

1961). The f i r s t  re fe rence  t o  the  Indian rhino by a  western author  was by 

C tes i a s ,  t h e  Greek physician t o  Queen Pa rysa t i s  of  Pe r s i a ,  who wrote a  book 

about Ind ia  i n  which he mentioned the  "Indian . k s "  from whose horn a  poison 

de t ec t ing  cup could be  made. Althoagh C tes i a s '  de sc r ip t ion  was r a t h e r  

muddled and included cloven hooves and a  h o r s e ' s  mane, the reported proper- 

t i e s  o f  t h e  horn were not h i s  invent ion .  Cups carved from rhinoceros horn 

were be l ieved  by many t o  be  a  p ro t ec t ion  aga ins t  poison, and medicinal and 

magical p r o p e r t i e s  were, and s t i l l  a r e ,  a t t r i b u t e d  t o  t h e  rh ino ' s  horn and 

t o  most o t h e r  p a r t s  of i t s  body (Casal,  1933; P r a t e r ,  1971; Hoogemerf,  

1970; Van S t r i e n ,  1974). 

Rhinos were exh ib i t ed  occas iona l ly  i n  Alexandria during the  second 

and t h i r d  cen tu r i e s  BC and,more frequent ly,  i n  Rome from the  f i r s t  century 

BC onwards. I t  appears t h a t  most of t h e s e  rh inos  were t h e  African s p e c i e s ,  

Ceratotheriwn s h u n  (Appendix A ) ,  although Rhinocems micomis was ex- 

h i b i t e d  occas iona l ly  i n  Rome during the  e a r l y  years  o f  t he  Empire (Gowers, 

1950) . There a re  no unequivocal desc r ip t ions  o f  the Indian rhino i n  t h e  

c l a s s i c a l  l i t e r a t u r e  u n t i l  t h a t  o f  S t rabo  who may have been descr ibing an 

animal given t o  Augustus by an Indian r u l e r  and exh ib i t ed  i n  Rome i n  11 BC 

(Gowers, 1950).  

After  t h e  f i n a l  co l lapse  o f  the  Rome Empire and t h e  s e a l i n g  of f  of  



t h e  East by t h e  r a p i d  s p r e a d  o f  Islam, o n l y  d e s c r i p t i o n s  o f  r h i n o s  

remained i n  Europe. Although s e v e r a l  a u t h o r s  had d e s c r i b e d  r h i n o s  a t  

f i r s t  hand,  t h e i r  accoun t s  were f l a v o u r e d  s t r o n g l y  w i t h  C t e s i a s '  

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

shape i n  most E u r o p e a i s '  imag ina t ions  t o  t h a t  o f  t h e  fabulous  u n i c o r n .  

The t u s k s  of t h e  nanlrhal began t o  appear  i n  Europe a t  t h i s  t i m e ,  and t h e y  

were a t t r i b u t e d  t o  t h e  u n i c o r n ;  as were t h e  s u p e r s t i t i o n s  and b e l i e f s  as- 

s o c i a t e d  wi th  t h e  one-horned r h i n o c e r o s  from t h e  E a s t .  The imaginary  u n i -  

corn was b e l i e v e d  t o  p recede  o t h e r  animals t o  d r i n k i n g  p l a c e s ,  and t o  t e s t  

t h e  w a t e r  f o r  poison by d i p p i n g  i t s  horn .  Although r h i n o s  were brought  

i n t o  Europe aga in  d u r i n g  t h e  s i x t e e n t h  c e n t u r y ,  it was n o t  u n t i l  t h e  n i n e -  

t e e n t h  c e n t u r y  t h a t  people  s topped  d i s c u s s i n g  s e r i o u s l y  t h e  e x i s t e n c e  o f  

t h e  un icorn .  A l i c o r n ,  t h e  p u l v e r i z e d  t u s k  o f  t h e  na lwha l ,  was used ex-  

t e n s i v e l y  i n  European medic ine  and was r e c o g n i s e d  o f f i c i a l l y  a s  a  d rug  i n  

England u n t i l  1741 (Guggisberg,  1966).  

The f i r s t  r h i n o  t o  r each  Europe a f t e r  t h e  f a l l  o f  t h e  Roman Empire 

was an Indian r h i n o  s e n t  i n  1515 by  Fluzaffar ,  King o f  Cambaia i n  Western 

I n d i a ,  a s  a  g i f t  t o  King blanuel o f  P o r t u g a l  (Fon toura  da  Costa ,  1937) . 
A few months a f t e r  i t s  a r r i v a l  i n  Lisbon, King Manuel decided t o  g ive  t h e  

r h i n o  t o  Pope Leo X ,  b u t  t h e  s h i p  c a r r y i n g  it was l o s t  i n  t h e  Gulf o f  

Genoa, and t h e  animal  was drowned. bleanwhile a drawing o f  t h e  r h i n o ,  

p o s s i b l y  by a  Por tuguese  hand,  and a  d e s c r i p t i o n  by i ' a l e n t i n  Ferdinand 

h a d  reached Yuremberg, where Albrech t  Diirer made h i s  famous woodcut 

( F i g u r e  1 . 1 ) .  Other  woodcuts and engrav ings  were made o f  t h e  two r h i n o s  

t h a t  a r r i v e d  i n  Europe d u r i n g  t h e  s i x t e e n t h  c e n t u r y ,  b u t  Diirer' S woodcut, 

a l though  n o t  rlrholly a c c u r a t e ,  remained t h e  s t a n d a r d  r e p r e s e n t a t i o n  o f  t h e  

animal  and was cop ied  many t imes  dur ing  t h e  n e x t  200 y e a r s  (Cole ,  1953; 

C l a r k e ,  1973) . 
Although an Indian r h i n o  was on view i n  London between 1684 and 



F .  l .  l .  &er's woodnit of 1515,  first edition. B r i t i s h  hluseum. 

1686 (de Beer, 1955), t h e  f i r s t  d e t a i l e d  s c i e n t i f i c  descr ip t ion  o f  the 

spec i e s  was publ i shed  nea r ly  60 years  l a t e r  by Parsons (1743). The 

animal descr ibed by Parsons was brought t o  London i n  1739: i t  was t h e  

second Indian rhino recorded i n  England and the  four th  i n  Europe (Clarke,  

1973).  Severa l  o t h e r  Indian rh inos  were on view i n  t h e  zoos of  Europe 

and North Arneri ca from t h e  eighteenth century onwards (Reynolds , 1967; 

Rookmaaker, 1973) b u t  t h e  f i r s t  African rhino t o  be brought t o  Europe 

a f t e r  t h e  f a l l  o f  t he  Roman Empire a r r i v e d  i n  London only i n  1868 ( S c l a t e r ,  

1876) . h e n ' s  (1862) t r e a t i s e  on the  anatomy of t he  Indian rhino remains 

t h e  most complete re ference  work fo r  t he  spec i e s ,  although Cave (1962, 

1964, 1969, 1976) and Cave and Aumonier (1964) have made extensive in -  

v e s t i g a t i o n s  of  c e r t a i n  aspec ts  o f  i t s  anatomy. 

There a r e  s eve ra l  r epo r t s  of  Indian rh inos  being tamed and even 

t r a i n e d  by man. Schenkel and Lang (1969) quoted e a r l y  accounts of rh inos  

be ing  used t o  p u l l  ploughs i n  Assam and the re  a r e  a l s o  r epo r t s  t h a t  rh inos  

were used i n  war by t h e  anc ien t  Kings o f  I n d i a  and Assam (Guggisberg, 1966). 

But le r  (1847) noted an abundance of rhinos i n  Assam during the  e a r l y  n ine-  



t e e n t h  c e n t u r y ,  and wro te  xha t  tamed r h i n o s  werc o f t e n  grazed wi th  domes t ic  

c a t t l e  and s o l d  f o r  up t o  300 rupees  each .  Pol lok and Thorn (1900) l a t e r  

r e p o r t e d  t h a t  a  washerman i n  Cauha t i ,  Assam, had a  tame rh ino  t h a t  c a r r i e d  

t h e  laundry on h i s  d e l i v e r y  rounds.  Recent exper iences  wi th  Indian r h i n o s  

i n  100s ( L m g ,  1961) and c i r c u s e s  (Reynolds, ISb;) confirm t h a t  i h e y  can b e  

tamed and t r a i n e d ,  b u t  t h e y  c m  a l s o  b e  dangerous and u n p r e d i c t a b l e .  I t  was 

a  long t ime b e f o r e  t h e  Indian r h i n o  was b r e d  i n  c a p t i v i t y .  The f i r s t  

r ecorded  c a p t i v e  b i r t h  was i n  Kathmandu i n  1826 (Hodgson, 153-1) and t h e  n e x t  

was i n  C a l c u t t a  i n  1913 (Gee, 1 9 5 3 )  . S u c c e s s f u l  b r e e d i n g  w a s  no t  ach ieved  

i n  Europe u n t i l  1956 (Lang, 1961) ,  b u t  t h e r e  have been a t  l e a s t  36 b i r t h s  i n  

zoos s i n c e  then  (Lang ai; a;. , 19;7), and much has  been l e a r n e d  about t h e  

r e p r o d u c t i v e  and maternal  behav iour  o f  t h e  Indirm r h i n o  i n  c a p t i v i t y  (Lang, 

1961, 1967; Buechncr a t  al. , 1975; Buechner and blackler,  1975; blackler,  

1975) . 
Various h u n t e r s ,  amateur n a t u r a l i s t s  and t e a -  garden managers have 

w r i t t e n  about  t h e  Ind ian  r h i n o  i n  t h e  w i l d .  The e a r l i e s t  accounts  a r e  by 

Babur, t h e  f i r s t  bloghul Emperor, who hun ted  r h i n o s  wi th  h o r s e s  and e l e -  

p h a n t s  (Lamb, 1961) . The l a t e r  Moghuls , i n  p a r t i c u l a r  J e h a n g i r  (1605-1627) 

were  a l l  keen h u n t e r s  and n a t u r a l i s t s ,  and recounted many s t o r i e s  o f  t h e i r  

h u n t s  f o r  r h i n o s  and o t h e r  animals  ( A l i ,  1927) . Elore r e c e n t  hun ts  were des-  

c r i b e d  by Smythies (1942) and I1ras:ld (1975) i n  ?repal,  and by  t h e  blaharcljah 

o f  Cooch Bchar (1908) i n  I n d i a .  

Planners-Smi th  (1909) gave an account  o f  t h e  d i s t r i b u t i o n  and abundance 

o f  t h e  Indian r h i n o  i n  Nepal and Bihar  (Sec t ion  1 .3 .2 )  b u t  t h e  f i r s t  s t u d y  

of  t h e  s p e c i e s  i n  t h e  w i l d  was by Bengt Berg, a Swedish photographer .  

Berg (1933) v i s i t e d  t h e  J a l d a p a r a  s a n c t u a r y  i n  Nest Bengal f o r  s i x  weeks 

i n  1932 and c o l l e c t e d  some i n t e r e s t i n g  in format ion  on t h e  movements and 

f e e d i n g  h a b i t s  o f  t h e  r h i n o .  Gee (1953a, 1953b, 1959, 1963) made o b s e r v a t i o n s  

on t h e  rh inos  o f  Assam and Xepal, and summarised what w a s  known o f  t h e i r  



ecology and behaviour.  U l l r i c h  (1964) s tud ied  rh inos  f o r  t h ree  weeks i n  

t h e  Kaziranga National Park, Assam, concent ra t ing  mainly on t h e i r  s o c i a l  

o rgan i sa t ion ,  and Schenkel and Lang (1969), on t h e  b a s i s  of  a one week 

v i s i t  t o  Kaziranga, quest ioned some of  U l l r i c h ' s  conclusions.  

Apart from t h e  r e p o r t s  mentioned above, t h e r e  a r e  var ious more r ecen t  

pub l i ca t ions  on t h e  d i s t r i b u t i o n  and numbers of rh inos ,  t h a t  a r e  r e f e r r e d  

t o  i n  Sec t ions  1 . 3  and 1.4.  Few of  t h e s e  r e p o r t s  a r e  concerned with 

ecology o r  behaviour,  but  Caughley (1969) d iscusses  t h e  d e t e r i o r a t i o n  of 

the  rh inos '  h a b i t a t  i n  Chitawan, and Brahmachary e t  al. (1969), Lahan and 

Sonowal (1973) and Lahan (1974) have w r i t t e n  b r i e f l y  on feeding, populat ion 

s i z e  and s o c i a l  behaviour r e spec t ive ly .  

1 .3  Past  and p re sen t  d i s t r i b u t i o n s  of  t h e  Indian rhino 

When drawing conclusions from a s tudy of t he  ecology and behaviour of 

any spec i e s ,  it i s  important t o  consider  whether t he  environment of the  

s tudy  a r e a  i s  d i f f e r e n t  from t h e  environment t o  which t h e  spec ies  i s  p r i -  

mari ly  adapted. Where changes i n  environment have occurred, t he re  must be 

a time lag  before  s e l e c t i o n  can produce eco log ica l  and behavioural  adapt- 

a t i o n s  more s u i t a b l e  t o  t h e  new circumstances. Is t h e  h a b i t a t  a t  Chitawan, 

then ,  t y p i c a l  of t h a t  in which the  spec ies  evolved? To answer t h i s  ques t ion  

( a l s o  discussed i n  Sect ion 2.2),  and t o  demonstrate t he  massive reduct ion  

i n  t he  rh inos '  range,  I cons ider  here  t h e  p a s t  and p re sen t  d i s t r i b u t i o n s  

and h a b i t a t  types of t h e  spec ies .  

1 .3 .1  P r e h i s t o r i c  d i s t r i b u t i o n  and h a b i t a t  types 

The genus Rhinoceros can be t r aced  back t o  t h e  p l iocene  of  nor thern  

India:  f o s s i l s  of R. pa2aeindicu.s a r e  found i n  t h e  Siwalik beds wi th  those  

o f  a ve r t eb ra t e  fauna inc luding  la rge  preda tors ,  t h a t  l i ved  on the  a l l u v i a l  



p l a i n s  o f  t h e  S iwal ik  r i v e r  (Wadia, 1966). A mosaic o f  g r a s s l a n d  and wood- 

land i s  thought  t o  have covered t h e  long b road  v a l l e y  of  t h e  S iwal ik  r i v e r  

whicl~ flowed from Assam t o  t h e  Punjab and t h c  Sind ( P i l g r i m ,  1919) .  The 

c l i m a t e  hf3s warm, w a t e r  w a s  abundant,  and t h e  v a l l e y  f l o o r  was w e l l  

f e r t i l i s e d  by s i l t  c a r r i e d  down by t h e  r i v e r s  from t h e  newly formed 

l-limal ayas (Ooi , 1959 ; Wadia, 196b) . 
R. k a n i ~ ~ ? ~ i c . l c s ,  a c l o s e  r e l a ~ i v e  o f  R. ;@zic,.omris ( t l o o i j e r ,  19-46], 

occur red  i n  3 similar environment i n  J a v a  d u r i n g  t h e  mid-P le i s tocene ,  when 

Java  was p a r t  o f  t h e  m a i n l m d  o f  t h e  Sunda s h e l f ,  and probably c o n s i s t e d  

o f  a  mosaic o f  f o r e s t e d  h i l l s ,  scrub and a l l u v i a l  g r a s s l a n d s  (bledway, 1972).  

A f t e r  a  r i s e  i n  s e a  l e v e l  and c l i n a t i c  changes which l e d  t o  a  predominance 

o f  r a i n - f o r e s t  v e g e t a t i o n ,  R. kzndeng-ictcs and many o t h e r  l a r g e  mammals d i e d  

o u t  i n  s o u t h - e a s t  Asia .  R. micomis ,  on t h e  o t h e r  hand, remained wide- 

sp read  i n  I n d i a  dur ing t h e  P l e i s t o c e n e .  There a r e  f o s s i l  and s e m i - f o s s i l  

remains i n  n o r t h e r n  I n d i a ,  t h e  Narbada v a l l e y  of  c e n t r a l  I n d i a  and n e a r  

Bunda and bladras (Lydekker, 1924) ( s e e  Figure  1. -7; . A1 1 t h e s e  remains 

are a s s o c i a t e d  wi th  a l l u v i a l  d e p o s i t s ,  i n d i c a t i n g  t h a t  t h e  Indian r h i n o  

was o r i g i n a l l y  an -animal of marshes and r i v e r - b a n k s ,  3s recorded i n  t h e  

e a r l i e s t  l i t e r a t u r e  (Sec t ion  l .Z) . 

1 . 3 . 2  H i s t o r i c a l  d i s t r i b u t i o n  and h a b i t a t  types  

The a c c u r a t e  r e p r e s e n t a t i o n s  o f  t h e  Indian r h i n o  found a t  Blohenjodaro 

(Sect ion l . ? )  i n d i c a t e  t h a t  t h e  s p e c i e s  o c c u r r e d  as f a r  sou th  and west  a s  

t h e  p r e s e n t  S ind  Province i n  2000 BC. Rhinos were d i s t r i b u t e d  wicieiy on 

t h e  f lood p l a i n s  o f  t h e  Indus ,  t h e  G'mgcs and t h c  Brahmnputra u n t i l  r e l a -  

t i v e l y  r e c e n t l y .  The Indian r h i n o  s t i l l  occur red  n e a r  t h e  p r e s e n t  

Pakistrul-Kashmir b o r d e r  i n  1398 when Timur i s  known t o  have hunted i t  

(Guggisberg, 1966) .  The f irst  Floghul Emperor, Babur, hunted r h i n o s  a t  

Nowshera n e a r  P e s h a ~ a r  as l a t e  as 1519 (Leyden, 18-76; A l i ,  1927) ( s e e  



Fig. 1 .2 .  A map shming some places referred t o  i n  the tex t .  

Figure  1 .2 )  . Babur, who wro te  between 1505 and 1530, d e s c r i b e d  t h e  r h i n o '  S 

d i s t r i b u t i o n  i n  Pak i s tan  as i n c l u d i n g  t h e  jung les  o f  Peshawar and I-iashnagar 

and those  between t h e  r i v e r s  S i n d  and Bereh. He a l s o  mentioned t h a t  r h i n o s  

were found on t h e  banks  o f  t h e  r i v e r  Saru in  t h e  Ganges p l a i n .  A Turk i sh  

admiral  who t r a v e l l e d  o v e r l a n d  from Lahore t o  Cons tan t inop le  i n  1556 a l s o  

r e p o r t e d  s e e i n g  rh inos  n e a r  Peshawar (Guggisberg,  1966) . 



. h e  e x t e n t  o f  t h e  h i s t o r i c a l  d i s t r i b u t i o n  of  t h e  Indian r h i n o  t o  t h e  

e a s t  i s  compl ics ted  b) confusion i n  t h e  l i t e r a t u r e  between 3. -x?lcomis 

. . 
and R. 301?6ciZc,~S ( d e s c r i b e d  i n  Appendix X ) .  Canper (1771) f i r s t  sugges ted  

t h a t  t h e r e  were two s p e c i e s  o f  &i,zoceros b u t  i t  w~ n o t  u n t i l  50 y e a r s  
d 

l a t e r  t h a t  Desmarcst, ill 1882, gave t h e  f i r s t  s c i e n t i f i c  d e s c r i p t i o n  o f  t h e  

Javan r h i n o c e r o s  (R. scfi2ai~~). Confusion about  t h e  i d e n t i t y  o f  t h e  

.Iavan s p c c i c s  o f  i i h t n o c e ~ ~ s  and i ts  d i s t r i b u t i o n  p e r s i s t e d  u n t i l  about 

1930 (Guggisberg,  1966) . Thus, e a r l y  r e c o r d s  o f  3. > 5 ? : 2 0 ~ i S  i n  sou the rn  

Burma, Malaya and Indochina ( l - le l fer ,  1538; Can to r ,  18-16) were p robab ly  7. 

sonda:cvs (Bly th ,  1563) .  Pol lok and Thorn (1900) r e p o r t e d  R. ;~?<comls 

from t h e  Arakan and T e n n a s e r i r n  p rov inces  o f  Burma, buc such r e p o r t s  have 

n e v e r  been conf i rmed.  I t  i s  p o s s i b l e  t h a t  3. mi:cmis o c c u r r e d  i n  n o r t h -  

west  Burma a d j a c e n t  t o  t h e  T i r a p  F r o n t i e r  D i s t r i c t ,  -4rcnachal Pradesh 

u n t i l  e a r l y  i n  t h i s  cen tu ry  ( T a l b o t ,  1959) b u t ,  a p a r t  from t h a t ,  i t  was 

found a lmost  c e r t a i n l y  o n l y  w i t h i n  t h e  p r e s e n t  b o r d e r s  o f  I n d i z  and 

Bangladesh (F igure  1 .5 )  . 
Figure  1 . 3  shows t h e  e s t i m a t e d  d i s t r i b u t i o n  o f  5. l a z i c o ~ i s  i n  t h e  

f i f t e e n t h  c e n t u r y ,  based on h i s t o r i c a l  r e c o r d s  and t h e  h a b i t a t  t y p e s  known 

t o  have been p r e s e n t  a t  t h a t  t i m e .  The humm popula t ion  o f  I n d i a  h a s  i n -  

c r e a s e d  r a p i d l ?  s i n c e  t h e  f i f t e e n t h  c e n t u r y ,  arid more and more l and  h a s  

been c u l t i v a t e d ;  i n  pa r t i cu1 : l r  t h e  l u s h ,  f e r t i l e  f l o o d  p l a i n s  favourcd by  

Indian r h i n o s .  H a b i t a t  d e s t r u c t i o n  made h u n t i n g  e a s i e r ,  a s  r h i n o s  were 

dcpr ived  o f  t h e  s h e l t e r  o f  g r a s s l a n d s  and f o r e s t s .  'Tne combination o f  

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

r h i n o s :  Blanford (1888) r e p o r t e d  t h a t ,  by  t h e  l a t e  n i n e t e e n t h  c e n t u r y ,  

t h e  Indian r h i n o  was conf ined  t o  the  Nepal t e r a i ,  t h e  Bhutan Duars, t h e  

T e e s t a  Val ley  o f  West Bengal and t h e  Brahmaputra Va l l ey  i n  Assam. 

I-iewitt (1938) s t a t e d  t h a t  t h e r e  were r h i n o s  i n  U t t a r  Pradesh n e a r  

N e p a l ' s  wes te rn  b o r d e r  u n t i l  t h e  1870s, b a t  t h e  l'at one was s h o t  i n  
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t e r a i  ( F i g u r e  1 . 3 ) .  According t o  Lydekker (1934) ,  I n d i a  r h i n o s  o c c u r r e d  

i n  t h e  Rnjmahal h i l l s ,  B ihar  u n t i l  about  1350. Winners-Smith (1909) des -  

c r i b e d  t h e  range o f  t h e  r h i n o  i n  Nepal and Bihar ;  t h e y  were p a r t i c u l a r l y  

numerous i n  Nawalpur and Chitawan b u t  a l s o  o c c u r r e d  on ;he banks o f  t h e  

Bagmat i , n o r t h  o f  I\lu:affurpur, P a t h a r g h a t t a ,  t h e  Sun Kosi Va l ley ,  Purnea 

and Norang (F igure  1 . 2 ) .  The a b u ~ d t u ~ c e  of r h i n o s  i n  t h e  Nepalese t e r a i ,  

e s p e c i a l l y  around Chitawan, was due t o  t h e  smal l  human p o p u l a t i o n  o f  t h e  

a r e a  and i t s  s t r i c t  p r o t e c t i o n  by t h e  Nepalese  r u l c r s  a s  a h u n t i n g  p r e -  

serve (Smythies ,  1943) .  A s h o r t  l l i s t o r y  o f  t h e  Chitawan Val ley f o l l o w s  

i n  S e c t i o n  1.1. 

Whereas t h e  Nepalese r h i n o  p o p u l a t i o n s  were r e l a t i v e l y  wel l  p r o t e c t e d  

i n  t h e  n i n e t e e n t h  c e n t u r y  and t h e  e a r l y  t w e n t i e t h  cen tury ,  t h e  Ind ian  pop- 

u l a t i o n ~  were hunted m ~ c h  more r e l e n t l e s s l y  i n  t h e  d e c r e a s i n g  a r e a s  o f  

f o r e s t  and g r a s s l a n d  j u n g l e  which t h e y  i n h a b i t e d .  B u t l e r  (1847) c o n s i d e r -  

ed  t h a t  almost e v e r y  m i l i t a r y  o f f i c e r  i n  Xssm became a  "keen and s k i l f u l  

sportsman". Colonel F.T. Po l lok  s h o t  14 r h i n o s  i n  Assam and wounded " f u l l y  

a s  many 3s h e  k i l l e d "  (Pol lok and Thom, 1900) ,  and t h e  Piaharajah o f  Cooch 

Behar (1908) s h o t  307 r h i n o s  between 1871 and 190: i n  Wesr Bengal and Assam. 

J u s t  a f t e r  t h e  t u r n  o f  t h e  c e n t u r y ,  t h e  Government became very concerned a t  

t h e  r a p i d  d e c l i n e  i n  t h e  numbers o f  r h i n o s ,  and a l l  r h i n o  hun t ing  i n  I n d i a  

was p r o h i b i t e d  i n  1910. A number o f  r e s e r v e s  were c r e a t e d  wi th  t h e  aim o f  

e n s u r i n g  t h e  s u r v i v a l  o f  t h e  s p e c i e s ,  b u t  i l l e g a l  poaching s t i l l  con t inued ,  

a s  t h c  p r i c e  o f  r h i n o  horns  rocke ted .  The r h i n o  s u r v i v e d  l a r g e l y  due t o  t h e  

e f f o r t s  o f  f o r e s t  o f f i c e r s  such a s  E .O .  Shebbeare i n  J a l d a p a r a  Reserve and 

A . J . W .  Milroy i n  Kaziranga Reserve.  The p o p u l a t i o n  i n  Kaziranga has i n -  

creased from an e s t i m a t e d  1 2  i n d i v i d u a l s  i n  1908 t o  more t h a n  600 i n  1978. 

The h i s t o r i c a l  d i s t r i b u t i o n  o f  t h e  Ind ian  r h i n o ,  from Sind  t o  n o r t h e r n  

Burma, was t ) p i f i e d  by a l l u v i a l  p l a i n  g r a s s l a n d s  and woodlands. The r i v e r s  

o f  t h e s e  p l a i n s  have changed courses  f r e q u e n t l y  and o f t e n  r a p i d l y :  i n  t h e  



t h i r d  c e n t u r y  BC, t h e  Indus flowed more t h a n  80 kms t o  t h e  e a s t  o f  i t s  p r e  

s e n t  course ,  and t h e  Brahmaputra h a s  s h i f t e d  100 kms t o  t h e  west  w i t h i n  t h  

last 100 y e a r s  (Wadia, 1966) .  Obviously,  t h e  h a b i t a t s  o f  t h e  a l l u v i a l  

p l a i n s  were s u b j e c t  t o  c o n s i d e r a b l e  p e r t u r b a t i o n s  as a r e s u l t  o f  changes i 

r i v e r  courses  and s u c c e s s i o n a l  changes i n  t h e  v e g e t a t i o n .  S i m i l a r  p rocess  

con t inue  i n  Chitawan t o  t h e  p r e s e n t  day ( d e s c r i b e d  i n  S e c t i o n  2 . 1 ) .  

1 .3 .3  P r e s e n t  d i s t r i b u t i o n  and  h a b i t a t  t y p e s  

The Ind ian  r h i n o  i s  conf ined  now almost  e n t i r e . 1 ~  t o  r e s e r v e s  and n a t -  

i o n a l  pa rks  i n  Nepal, Nest Bengal and Assam. A few s u r v i v o r s  occur  i n  f o r  

e s t e d  a r e a s  around r e s e r v e s  and n a t i o n a l  p a r k s ,  and t h e r e  a r e  o c c a s i o n a l  

r e p o r t s  o f  r h i n o s  wandering f a r  from any r e s e r v e s  i n  .Assam ( P .  Lahan, El. 

O l i v e r ,  p e r s .  comm., 1975) .  Table  1.1 and F igure  1.4 show t h e  p r e s e n t  d i s  

t r i b u t i o n  of t h e  s p e c i e s  and t h e  e s t i m a t e d  numbers i n  each p r o t e c t e d  a r e a  

and i t s  immediate e n v i r o n s .  

Table 1. l .  Eat-hates o j the nwnbelqs of R. un icorn is  t h ~ o u g h o ~ t  7:ts range. 

E s t i m a t e s  f o r  p r o t e c t e d  a r e a  i n c l u d e  r h i n o s  i n  t h e  immedia te  
e n v i r o n s .  S o u r c e s  f o r  e s t i m a t e s  a r e  g i v e n  i n  t h e  t e x t .  

Same o f  p r o t e c t e d  a r e a  

Nepal 

Cliitawan ( N a t i o n a l  Park)  

Wcst Bengal 

J a l  d a p a r a  
Gorumara 

ksam 

K a z i r a n g a  ( N a t i o n a l  Park)  
Laokhawa 
Man as 
Orang 
S o n a i  Rupai 
E lsewhere  ( i n c l .  P o b i t o r a ,  Kukura ta  and  

R a j a  >layang Reserves  and  u n p ~ o t c c t e d  
a r e a s )  

TOTAL 

E s t i m a t e d  n u b e r  o f  r h i n o s  

270 - 310 

30 - 40 
c5 

c600 
c40 
c40 

25 - 30 
c15 

c25 

1050 - 1105 
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Brief  d e s c r i p t i o n s  o f  each p r o t e c t e d  a r e a  a r e  given i n  Appendix C ,  

w i th  t h e  e x c e p t i o n  o f  t h e  Chitawan Val ley  which is  d e s c r i b e d  f u l l y  i n  

S e c t i o n  2 . 1 .  The Ind ian  r h i n o  i s  a s s o c i a t e d  s t i l l  wi th  mixed r i v e r i n e  

woodlands and g r a s s l a n d s  which a r e  s u b j e c t  t o  r a p i d  changes i n  topo-  

graphy and v e g e t a t i o n  a s  a  r e s u l t  o f  changes i n  r i v e r  courses  ( s e e  

S e c t i o n  1.3. ').  

1 .3  A b r i e f  h i s t o r y  o f  t h e  Chitawan Val ley and i t s  rh ino  p o p u l a t i o n  

The Chitawan Val ley ,  i n  whi&. t h e  s t u d y  was c a r r i e d  o u t ,  i s  one o f  

t h e  i n t e r i o r  v a l l e y s  o f  t h e  Himalayas known a s  dwzs,  t h a t  a r e  a l i g n e d  

p a r a l l e l  t o  and between t h e  o u t e r  r anges  o f  t h e  Himalayan f o o t h i l l s .  The 

Chitawan dwz l i e s  between t h e  Siwal ik  and t h e  blahabharat Ranges n e a r  t h e  

s o u t h e r n  b o r d e r  o f  Nepal. I t  is  d r a i n e d  b y  t h e  Rapt i  R iver  which flows 

f o r  103 kms from e a s t  t o  west  a long  t h e  v a l l e y  f l o o r  t o  j o i n  t h e  Naryani 

River  which o r i g i n a t e s  beyond t h e  Himalayas ( s e e  F igure  2.1) . The v a l l e y  

i s  about two kms wide i n  t h e  e a s t ,  b u t  it broadens  t o  about 2 1  kms a long  

t h e  Naryani River  i n  t h e  wes t .  

The Chitawan d m  has been long famous f o r  i t s  w i l d l i f e  and f o r e s t s .  

O l d f i e l d  (1880) and B u r k h i l l  (1910) s t a t e d  t h a t  much o f  t h e  v a l l e y  was 

pu t  o u t  o f  c u l t i v a t i o n  d e l i b e r a t e l y  by t h e  Government o f  Nepal a t  the.  

beg inn ing  o f  t h e  n i n e t e e n t h  cen tury ,  t o  form a b a r r i e r  o f  malar ious  f o r -  

e s t  as a  dc fence  a g a i n s t  i n v a d i n g  a rmies .  U n t i l  t h e  1950s,  t h e  v a l l e y  

7 
con ta ined  o v e r  2600 km- o f  f o r e s t ,  swamps and g r a s s l a n d ,  and harboured 

a rid1 and v a r i e d  fauna .  Human d i s t u r b a n c e  was on ly  s l i g h t :  t h e r e  were 

almost no s e t t l e m e n t s  a p a r t  from a few small v i l l a g e s  c l e a r e d  from t h e  

j u n g l e  by an e t h n i c  group c a l l e d  t h e  Tharus ,  t h e  o l d e s t  known i n h a b i t a n t s  

o f  t h e  reg ion ,  who had developed some degree  o f  t o l e r a n c e  t o  m a l a r i a  

(Ph i1  l i p s ,  1925 i n  Caughley , 1969).  S a l  f o r e s t  (Shorea mbusta) covered 



t h e  h i l l  s l o p e s ,  and t h e  v a l l e y  f l o o r  was a  c o n s t a n t l y  changing mosaic of 

r i v e r i n e  f o r e s t  and g r a s s l a n d .  The R a p t i  River  meandered a c r o s s  t h e  

v a l l e y ,  d e s t r o y i n g  f o r e s t  and g r a s s l a r ~ d  d u r i n g  t h e  monsoon f l o o d s  and 

b u i l d i n g  up s o i l  e l sewhere .  Abandoned r i v e r  beds  became swamps and 

l a k e s ,  and p r i c k l y  t h i c k e t s  o f  c l i n b i n g  palms f i l l e d  t h e  d r i e r  woodlands. 

E lephan ts ,  r h i n o s ,  t i g e r s ,  l e o p a r d s ,  b e a r s ,  w i l d  p i g s ,  b u f f a l o ,  gaur  and 

f i v e  s p e c i e s  o f  d e e r  were abundant i n  Chitawan ( O l d f i e l d ,  1880) .  

Members o f  t h c  Rana fami ly ,  Nepa l ' s  h e r e d i t a r y  Prime M i n i s t e r s  , 

hunted i n  t h e  v a l l e y  d u r i n g  t h e  cool w i n t e r  months. They i n v i t e d  f o r e i g n  

r o y a l t y  and u s e d  hundreds o f  r i d i n g  e l e p h a n t s  t o  pursue  t i g e r s  and r h i n o s  

( P l a t e  3) . The l a r g e s t  bag recorded t h i s  c e n t u r y ,  t aken  d u r i n g  t h e  i 9 3 i - 8  

season ,  i n c l u d e d  38 rh inos  and 120 t i g e r s  (Smythies , 1942) . However, 

h u n t s  were i n f r e q u e n t l y  i n  t h e  same a r e a ,  and t h e  animal p o p u l a t i o n s  

s u f f e r e d  l i t t l e ,  d e s p i t e  t h e  l a r g e  numbers s h o t  i n  some y e a r s  (Caughley, 

1969) .  Rhino-hunting was t h e  s t r i c t  p r e r o g a t i v e  of t h e  r u l i n g  fami ly  and 

i t s  g u e s t s ,  and o r i g i n a l l y  t h e r e  was a  dea th  p e n a l t y  f o r  poaching 

( O l d f i e l d ,  1880) .  

During t h e  e a r l y  1 9 5 0 ~ ~  a f t e r  t h e  f a l l  o f  t h e  Rana regime and c a t a s -  

t r o p h i c  f loods  i n  t h e  h i l l s ,  some d e s p e r a t e  h i l l - f a r m e r s  descended t o  t h e  

lowlands i n  s e a r c h  o f  f r e s h  l ands  t o  c u l t i v a t e .  A m a l a r i a  e r a d i c a t i o n  

scheme subsequen t ly  enab led  thousands of t h e  overcrowded h i l l - p e o p l e  t o  

s e t t l e  i n  t h e  f e r t i l e  Chitawan Val ley  ( S p i l l e t  and Tmang, 196b) .  V a s t  

a r e a s  o f  l and  were c l e a r e d  f o r  a g r i c u l t u r e ,  a road w a s  b u i l t  and b a z a a r s  

sp rang  up a long  i t s  r o u t e .  By 1959, t h e  whole l eng th  of  t h e  v a l l e y  was 

s e t t l e d  and 70% o f  t h e  f o r e s t s  and g r a s s l a n d s  had d i sappeared  (Caughlcy, 

l ) .  The U.S. Agency f o r  I n t e r n a t i o n a l  Development e s t i m a t e d  that  t h e  

human p o p u l a t i o n  o f  C h i t a w a  r o s e  from 36,000 t o  100,000 between 1950 and 

1960. Some o f  t h e s e  people  were l a t e r  r e s e t t l e d  i n  a r e a s  a d j a c e n t  t o  

Chitawan, and t h e  o f f i c i a l  census t o t a l  f o r  Chitawan d i s t r i c t  w a s  55,000 



i n  1961 (H.ai .G. ,  1964). 

Poaching o f  rhinos f o r  t h e  valuable  horn became widespread during 

t h e  1950s, d e s p i t e  t h e  p ro t ec t ion  afforded them by a  network of Rhino 

Guard-posts manned by 130 armed men o f  t h e  Fores t  T e r r i t o r i a l  Serv ice .  

According t o  Talbot  (1959), a t  l e a s t  72 rh inos  were poached during 1954, 

and s i m i l a r  numbers during t h e  previous few yea r s .  A t  l e a s t  60 rhinos 

were k i l l e d  during 1958 (Gee, 1959) , and poaching continued, being p a r t -  

i c u l a r l y  preva len t  between 1959 and 1961 ( S p i l l e t  and Tamang, 1966). 

Willan (1965) guessed t h a t  t h e r e  were S00 rhinos i n  Yepal i n  1950, 

S t racey  (1957) guessed 400 i n  1957 and Gee (1959) guessed 300 two years  

l a t e r .  I t  should be emphasized t h a t  t hese  guesses were not based on 

sys temat ic  counts o r  ca lcu la t ions .  However, t hey  do i l l u s t r a t e  a  rap id  

dec l ine  i n  t he  rhino populat ion.  

Concerned a t  t he  rap id  dec l ine  o f  t he  f o r e s t  a reas  and i n  p a r t i c u l a r  

of the  revered rhinoceros,  H i s  Majesty 's  Government c rea ted  the Plahendra 

Dcer Park i n  t he  nor th-xes t  o f  t he  v a l l e y ,  and proposed t h e  establ ishment  

o f  a Wild l i fe  Sanctuary south o f  t h e  Rapti '!iver i n  t he  lower h a l f  of t he  

va l l ey  f o r  a  t r i a l  per iod of 10 years (Gee, 1959). However, the  Mahendra 

Deer Park ( see  Figure 2.5) did no t  inc lude  t h e  l a r g e s t  concentrat ion of 

rh inos ,  and t h e r e  were human se t t lements  i n  both t h e  Park and the  proposed 

sanc tuary .  Fur ther  s t e p s  t o  preserve  t h e  rhinoceros were taken i n  t h e  

e a r l y  1960s when the  western end of t he  va l l ey  south of  the  Rapti was 

dec lared  a  sanc tuary ,  and i n  1964, when se t t l emen t s  were c leared  from t h e  

R a p t i ' s  southern bank. Poaching and h a b i t a t  des t ruc t ion  continued, a l -  

though at a  s lower r a t e :  swamp deer  and bu f fa lo  disappeared from Chitawan, 

and S p i l l e t  and Tamang (196b) guessed t h a t  t h e r e  were only 100 rhinos i n  

1966. The human population rose t o  185,000 by 1971 (H.M. G . ,  1974), and 

new areas  were s t i l l  being c leared  f o r  a g r i c u l t u r e .  

Caughley (1969) and H.R .  blishra c a r r i e d  out a  h e l i c o p t e r  census i n  



June  1965, and e s t i m a t e d  t h e  r h i n o  p o p u l a t i o n  t o  be between 81 and 108.  

In  a s i m i l a r  census  i n  l a t e  31ay 1972, P e l i n c h  and U p r e i i  (1972) e s t i m a t e d  

a t o t a l  o f  between 120 and 147 r h i n o s .  Although bo th  t h e s e  r e s u l t s  were 

probab l y  u n d e r e s t i m a t e s  ( d i s c u s s e d  i n  S e c t i o n  3 . g )  , t h e  r h i n o  p o p u l a t i o n  

h a s  i n c r e a s e d  d u r i n g  t h e  last 10 y e a r s ,  p a r t i c u l a r l : :  s i n c e  t h e  e s t a b l i s h -  

3 
rnent i i l  1975 o f  t h e  544 km- Royal f l~ i t awar ,  Y a t i o n a l  Park ,  which i n c l u d e s  

t h e  o r i g i n a l  r h i n o  s a n c t u a r y  (F igure  2 .6 ) .  

His h l a j e s t y ' s  Government o f  Nepal,  w i t h  t h e  h e l p  o f  t h e  Food and 

A g r i c u l t u r e  O r g a n i s a t i o n  o f  t h e  United Na t ions ,  t h e  il'orld N i l d l i f e  Fund 

and t h e  Fauna P r e s e r v a t i o n  S o c i e t y ,  h a s  equipped t h e  Na t iona l  Park and  

t r a i n e d  t h e  s t a f f .  Poaching and encroachment o f  t h e  boundar ies  by 

v i l l a g e r s  have been a lmost  complete ly  c o n t r o l l e d ,  and t h e  Park has  
7 

r e c e n t l y  been extended by 250 km- ( S e c t i o n  7 . 2 ' 1 )  . 

1 .S Summary 

1. The g e n e r a l  a i m  o f  t h e  s t u d y  was t o  p rov ide  in fo rmat ion  on t h e  ecology 

and b e h a v i o u r  o f  t h e  endangered g r e a t e r  one-horned r h i n o c e r o s  

(Rhi?zoceros ~ m i c o m i s ) ,  t h a t  would b e  u s e f u l  i n  making p l a n s  f o r  i t s  

c o n s e r v a t i o n .  

2 .  10 d e t a i l e d  s c i e n t i f i c  s t u d y  o f  t h i s  s p e c i e s  had been c r l r r i ed  o u t  

p r e v i o u s  1y. 

3 .  The g r e a t e r  cne -homed  o r  I n d i m  r h i n o  has been a s s o c i a t e d  always 

w i t h  a l l u v i a l  p l a i n  h a b i t a t s .  

3 .  The Irldinn rfiino once ranged from t h e  Indus Va l l ey  t o  t h e  Burmcse 

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

t h e  v a l u a b l e  horn ,  r h i n o s  a r e  found today o n l y  i n  t h e  Br:ihmaputra 

Val l cy  of .Assam, i n  two smal l r e s e r v e s  i n  IVest Bengal ;md i n  t h e  



Chitawan Val ley o f  s o u t h e r n  Nepal. The t o t a l  popu la t ion  numbers l e s s  

than 1,200 i n d i v i d u a l s .  

2 
Before 1950, t h e  Chitawan Valley c o n s i s t e d  o f  2,600 km o f  f o r e s t s  

and g r a s s l a n d s  where a g r e a t  v a r i e t y  o f  w i l d  animals  l i v e d .  The 

r u l i n g  fami ly  o f  Nepal o rgan i sed  l a v i s h  h u n t s  f o r  t i g e r  and r h i n o ,  

b u t  b o t h  s p e c i e s  were w e l l  p r o t e c t e d .  

.4 r e s e t t l e m e n t  programme i n  t h e  1950s d e s t r o y e d  l a r g e  a r e a s  o f  f o r e s t s  

and g r a s s l a n d s  i n  t h e  Rap t i  Valley.  Poaching was r i f e  f o r  a whi le  and 

t h e  r h i n o  p o p u l a t i o n  was almost wiped o u t .  S t r i c t e r  p r o t e c t i o n  o f  

bo th  h a b i t a t  and animals  was enforced  d u r i n g  t h e  1960s and l e d  t o  t h e  

e s t a b l i s h m e n t  of t h e  Royal Chitawan Nat iona l  Park in  t h e  lower h a l f  

o f  t h e  v a l l e y  i n  1973. 



2 .  STUDY AREAS AID GENERAL METHODS 

2.1 Study a r e a s  

2 . 1 . 1  Locat ion and topography 

The s t u d y  w a s  c a r r i e d  o u t  i n  t h e  lower h a l f  o f  t h e  Chitawan dun, main- 

l y  on t h e  f l o o d  p l a i n s  o f  t h e  Rap t i ,  Reu and Naryani Rivers .  Parts o f  

t h e s e  f l o o d  p l a i n s  and t h e  surrounding h i l l s  form t h e  Royal Chitawan 

S a t i o n a l  Park,  h e n c e f o n ~ a r d  r e f e r r e d  t o  as t h e  p a r k . .  ?he b road  topography 

o f  t h e  a r e a  i s  i l l u s t r a t e d  i n  P l a t e  1 which i s  a  photograph taken i n  A p r i l  

1975 from a NASA'  s a t e l l i t e  920 kms above t h e  e a r t h .  The names o f  p l a c e s  

mentioned i n  t h e  t e x t  a r e  shown on a s k e t c h  map ( F i g .  2 .1)  and a  v e g e t a t i o n  

map (Fig .  2.2) . 
The Chitawan dm is  a s y n c l i n a l  b a s i n  w i t h i n  t h e  S iwal ik  Range, c l o s e d  

t o  t h e  sou th  by t h e  Dauney Hills, t h e  Somewar  Hills and t h e  Churia  Hil ls ,  

and backed t o  t h e  n o r t h  by t h e  Mahabharat Range. From Lothar,  t h e  Rap t i  

flows westwards f o r  55 k m  t o  i t s  conf luence  w i t h  t h e  Reu and t h e  S a r y a n i .  

I t  hugs t h e  sou thern  s i d e  o f  t h e  v a l l e y  n e a r  t h e  base  o f  t h e  Churia  Hills: 

t h e  sou thern  f l o o d  p l a i n  v a r i e s  from one and a h a l f  t o  f i v e  kms i n  wid th ,  

whereas t h e  n o r t h e r n  f l o o d  p l a i n  is between t h r e e  and 15 kms wide. 'The 

Reu flows 35 kms north-west t o  i t s  conf luence wi th  t h e  Rap t i ;  i t s  v a l l e y  i s  

a  m i n i a t u r e  d m  enc losed  by t h e  Someswar H i l l s  t o  t h e  sou th  and t h e  Chur ia  

H i l l s  t o  t h e  n o r t h .  The Naryani f lows south-west f o r  30 kms from a  gorge 

i n  t h e  hiahabharat t o  t h e  Rapt i  confluence and t h e n  f lows westwards f o r  a  

f u r t h e r  25 k m  along t h e  base of t h e  Someswar H i l l s  b e f o r e  t u r n i n g  s o u t h  

through a  ve ry  narrow gorge i n  t h e  S i w a l i k s  between t h e  Dauney and 

Someswar Hills.  The Naryani is  very b road ,  c o n s i s t i n g  o f  a l a r g e  number 

o f  channels  and i s l a n d s  wi th  a t o t a l  width  o f  up t o  f o u r  kms. Its w i d e s t  

Na t iona l  Aeronau t ics  and space '  Admin is t ra t ion .  
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p o i n t  l i e s  a  l i t t l e  upstream o f  i t s  conf luence  w i t h  t h e  R a p t i .  

The a l t i t u d e  o f  t h e  f l o o d  p l a i n  v a r i e s  from 200 metres  a .m.s .1 .  a t  

Naryar~ghat t o  1-30 met res  a.m.s.  l .  a t  Tamrispur. The Chur ia  Hills e x t e n d  

westwards between t h e  Keu and Rapti  R ive rs  as  a  f o r e s t e d  r i d g e  wi th  a  

m a x i m u m  h e i g h t  of  S15 m e t r e s ,  which g r a d u a l l y  drops  i n  t h e  west t o  about 

130 met res  a.m.s. l .  n e a r  Sukhibar ,  where i t  j o i n s  t h e  combined f lood  p l a i n s  

o f  t h e  Reu and R a p t i  R i v e r s .  The g e n t l e  lower s l o p e s  o f  t h e  Churias a r e  

d i s s e c t e d  by numerous s t ream-beds  which flow n o r t h  t o  t h e  Rapt i  and s o u t h  

t o  t h e  Reu. The main r i d g e  v a r i e s  i n  width  from a  kn i fe -edge  t o  a  p l a t e a u  

abou t  100 met res  a c r o s s .  On t h e  o t h e r  hand,  t h e  Someswar t l i l l s  a r e  a  com- 

p l e x  mass o f  s t e e p - s i d e d  r a v i n e s  and s h a r p  r i d g e s ,  b;ith no u n i f o r n  d i r e c t -  

i o n  of d r a i n a g e .  They r i s e  t o  a maximum h e i g h t  o f  about  500 metres a l o n g  

a  b roken ,  e roded  r i d g e  \ < h i &  a l s o  f o m s  t h e  i n t e r n a t i o n a l  boundary between 

Nepal and I n d i a .  The Dauney H i l l s  c l o s e  t h e  s y n c l i n a l  b a s i n  i n  t h e  f a r  

west  by running s o u t h - e a s t  t o  nor th -wes t  and r e j o i n i n g  a  n o r t h e r n  branch 

o f  t h e  S i w a l i k s .  

2.1.2 Geology and s o i  1s 

The hlahabharat Range c o n s i s t s  of s e v e r e l y  e roded  p re -S iwa l ik  q u a r t z -  

i t e s ,  p h y l l i t e s  and s a n d s t o n e s  (Berry e t  a l . ,  1971).  The S i w a l i k s  a r e  

c h a r a c t e r i z e d  by outwash deposi . t s  c a r r i c d  from t h e  n o r t h :  a l l  t h e  rocks  

a r e  o f  P l i o c e n e  o r  P l e i s t o c e n e ,  f l u v i a t i l e  o r i g i n ,  and c o n s i s t  mainly o f  

s ; l r~ds toncs ,  conglomerates ,  q u a r t z i t e s ,  s h s l e s  nnd m i  c a c e o ~ s  sands tones  

( H . M . G . ,  1968; Ilagen, 1969) .  The S i w a l i k s  show a  d i s t i n c t i v e  f a u l t  p a t -  

tern t h a t  h a s  produced s t e e p  c l i f f s  on t h e  s o u t h - f a c i n g  s l o p c s  which have 

a  p o o r e r  v e g e t a t i o n  cover  than  t h e  n o r t h e r n  s l o p e s .  

The f l o o d  p l a i n s  c o n s i s t  o f  a s e r i e s  o f  a scend ing  a1 l u v i a l  t e r r a c e s  

l a i d  down by t h e  r i v e r s  and subsequen t ly  r a i s e d  by Ximalayan u p l i f t  

(Berry e t  al.  , 1974)  . The t e r r a c e s  a r e  composed o f  l a y e r s  o f  b o u l d e r s  and 



grave ls  s e t  i n  a f i n e  s i l t y  matr ix.  There is  a general  tendency f o r  t h e  

s o i l s  t o  be p rog res s ive ly  heavier or f i n e r  t ex tu red ,  t he  g r e a t e r  t h e  d i s -  

tance  f r o m  h i l l s  and water  courses.  There is a rough gradient  from the  

h igher - ly ing  boulders  and grave ls  t o  sands and s i l t s  and then t o  t he  low- 

ly ing  s i l t  loams and s i l t y  clay loams (Berry e t  a l . ,  1974). However, 

shallow streams have meandered s o  ex tens ive ly  over  t h e  va l l ey  f l o o r  t h a t  

sandy lev6es can be found even i n  the low-lying a r e a s ,  and t h e r e  i s  con- 

s ide rab le  l o c a l  v a r i a t i o n  i n  s o i l  types across  t h e  va l l ey  f l o o r .  

2 .1.3 Climate 

The cl imate of  Chitawan i s  sub t rop ica l  with a summer monsoon from 

mid-June t o  l a t e  September, and a r e l a t i v e l y  dry win te r .  Fig. 2 .3  shows 

t h e  maximum, minimum and mean monthly r a i n f a l l  t h a t  I recorded a t  Sauraha 

f o r  t he  years  1973 t o  1975. The mean annual r a i n f a l l  over t h i s  per iod  was 

2,411.6 mm, 92% of which f e l l  between May and September. 

There is  a marked inc rease  i n  r a i n f a l l  i n  May before  the  monsoon, 

when sporadic  thunderstorms and h a i l s t o m s  a r e  f requent ,  and high winds 

cause severe damage t o  t r e e s  and houses in t h e  va l l ey .  The heavy monsoon 

r a i n s  a r e  by no means continuous. Periods of one t o  t h r e e  days o f  almost 

continuous r a i n  (up t o  163 mm per  day) a r e  i n t e r spe r sed  by much d r i e r  

per iods .  I recorded 15, 15 and 12 dry days r e spec t ive ly  i n  the  t h r e e  

w e t t e s t  months ( Ju ly ,  August and September) of 1973. 

Fig. 2.4 shows the  mean d a i l y  maximum and minimum temperatures,  with 

ranges,  recorded i n  t he  shade a t  Sauraha between 1973 and 1975. Temper- 

a t u r e s  normally reached a maximum i n  May (up t o  38OC) , becoming s l i g h t l y  

lower, but  with a smal le r  d a i l y  range, during the  monsoon, and f a l l i n g  

progress ive ly  u n t i l  January (minimum recorded: 6°C). 

Humidity i s  high a l l  t h e  year  round, wi th  e a r l y  morning readings o f  

100% r e l a t i v e  humidity being recorded f requent ly  a t  Sauraha during t h e  



J F M A M J J A S O N D  

Fig. 2.3.  /&m" rnonth2y rcoJn.fai2, uieh r-es, cri: Sa:l~dza, 1973 to 1975.  

monsoon (June t o  September) and i n  Decen~ber and J,muary (see F i g .  2 . S ) .  

The w i n t e r  mornings a re  c h a r a c t e r i s e d  b). heavy m i s t s  whi& p e r s i s t  f o r  
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Fig. 2.4. ;&m da i l y  rnmh~m cind m i n i m  Znpera$dres, w i th  rm-ges, 
a t  Sauraha, 2 9  73 1975. 

F%. 2.5. Pgan da i l y  (07.00-10.00 hl values of percentage r e l a t i v e  
h n i d i Q  a t  Sawlaha, 1973 t o  1975, 

.,.:f$:-': 



s e v e r a l  h o u r s  a f t e r  dawn, p a r t i c u l a r l y  i n  t h e  lower h a l f  o f  t h e  v a l l e y .  

Dry, c o o l ,  n o r t h e r l y  winds blow from t h e  Himalayas d u r i n g  t h e  w i n t e r :  

t h e r e  i s  l i t t l e  c loud  cover ,  and i n s o l a t i o n  i s  h i g h .  From February t o  

blay, t h e  p r e v a i l i n g  wind i s  from t h e  west  and sou th -wes t ,  and t e m p e r a t u r e s  

r i s e ,  w h i l c  humid i ty  reaches  a minimum i n  blarch. The wind swings f u r t h e r  

round t o  t h e  s o u t h - e a s t  w i t h  t h e  a r r i v a l  of  t h e  monsoon i n  mid-June. 

Rain f a 1  l ,  t e m p e r a t u r e  and humidi ty  vary  c o n s i d e r a b l y  o v e r  s h o r t  

d i s t a n c e s  w i t h i n  t h e  v a l l e y .  The mean annual  r a i n f a l l  a t  Sauraha  (1973- 

1975) was n e a r l y  300 mm h i g h e r  than t h a t  r ecorded  i n  t h e  c e n t r e  o f  t h e  

v a l l e y  at  Rampur betrieen 1958 and 1966 (shown i n  Appendix L) . .Although 

r e c o r d s  k e p t  a t  T i g e r  Tops d u r i n g  t h e  s t u d y  were incomple te ,  i t  appeared 

t h a t  t h e  r a i n f a l l  was lower  t h e r e  than  at Sauraha ,a l though  i t  r a i n e d  on 

more days .  The mean maximum t e m p e r a t u r e s  a t  T i g e r  Tops were lower t h a n  

at Sauraha  i n  a l l  months, and t h e  mean minimum t e m p e r a t u r e s  were h i g h e r  

from J u l y  t o  February ,  and s l i g h t l y  lower  from March t o  June.  .A much 

w i d e r  range o f  t e m p e r a t u r e s  was recorded  a t  Rampur - 0°C t o  -15'~ ( d a t a  

i n  Appendix L) . Such v a r i a t i o n s  presumably a r i s e  from d i f f e r e n c e s  i n  

l o c a t i o n s  r e l a t i v c  t o  t h e  h i l l s ,  t h e  r i v e r s  and t h e  f o r e s t .  

2.1.4 Hydrology 

The S i w a l i k s  and t h e  3lahabharat Range a r e  g e n e r a l l y  o f  low permea- 

b i l i t y ,  and t h e  h igh  monsoon r x i n f a l l  runs  o f f  i n  numerous ephemeral 

s t r e a m s , a n d  i n  r i v e r s  which s w e l l  t o  many t imes  t h e i r  d ry  season s i z e s .  

Drainage o u t s i d e  t h e  park i s  compl ica ted  by e x t e n s i v e  c u l t i v a t i o n  

and i r r i g a t i o n .  Drainage on t h e  f lood  p l a i n s  w i t h i n  t h e  park  i s  g e n e r a l l y  

good. In t h e  d r y  s e a s o n ,  s t a n d i n g  w a t e r  is  conf ined  t o  small  l a k e s  o r  taZs 

which a r e  found th roughout  t h e  p a r k ,  g e n e r a l l y  on o l d  r i v e r - c o u r s e s .  Dur- 

ing the  monsoon, however, e x t e n s i v e  a r e a s  o f  g r a s s l a n d  and f o r e s t  become 

inunda ted ,  and may remain water logged f o r  long p e r i o d s .  The r i v e r - b e d s  



become l i k e  qu icksand  i n  some p l a c e s ,  and o f t e n  cannot be  c r o s s e d  by 

e l e p h a n t s  o r  rh inos  f o r  long p e r i o d s .  

Streams and r i v e r s  f r e q u e n t l y  change courses  on t h e  v a l l e y  f l o o r  

where t h e y  p a s s  through e a s i l y  e r o d a b l e  s o i l s .  I observed s e v e r a l  major 

changes i n  t h e  course  o f  t h e  Rapt i  dur ing  t h e  s t u d y  p e r i o d ,  and t h e  

numerous ox-bow l a k e s  on t h e  v a l l e y  f l o o r  i n d i c a t e  p a s t  r i v e r -  courses .  

The Naryani,  Y e p a l ' s  t h i r d  l a r g e s t  r i v e r ,  f lows d u r i n g  t h e  d n  season i n  

a s e r i e s  o f  deep c l e a r  channe l s  between exposed s h i n g l e  and b o u l d e r  beds  

and sandbanks.  However, d u r i n g  t h e  monsoon t h e  w a t e r  i s  h i g h l y  charged 

h i t h  sed iment ,  and whole i s l a n d s  Ere washed downstream by t h e  t u r b u l e n t  

wa te r .  When i n  s p a t e ,  a l l  t h e  r i v e r s  and s t reams  c a r r y  l a r g e  loads  o f  

sediment which a r e  d e p o s i t e d  when t h e  f l o o d s  r e c e d e ,  sometimes b u r y i n g  

t h e  r ive r -bank  v e g e t a t i o n  under  more than a metre  o f  mud. 

S p r i n g s  f low from t h e  edges of f o r e s t e d  t e r r a c e s  a f t e r  t h e  monsoon, 

bu t  t h e y  d r y  up p r o g r e s s i v e l y  d u r i n g  t h e  w i n t e r .  However, t h e r e  i s  s u f -  

f i c i e n t  w a t e r  n e a r  t h e  s u r f a c e  f o r  t h e  t a l l  g r a s s l a n d s  t o  grow up dur ing  

t h e  dry season a f t e r  be ing  burned i n  January  and February (Sec t ions  

2 .1 .5 .3  and 2 .1 .5 .8 ) .  The ground d r i e s  up much more i n  t h e  c u l t i v a t e d  

a r e a s ,  where t h e  w a t e r - l e v e l  i n  t h e  v i l l a g e  w e l l s  drops  cons iderab ly  

dur ing  t h e  dry season ,and  l i t t l e  grows b e f o r e  t h e  Elay r a i n s .  

The c l imax v e g e t a t i o n  o f  t h e  terai reg ion  o f  Nepal is  cons idered  

g e n e r a l l y  t o  be  sal (Shorea robus ta )  f o r e s t .  However, f l o o d s ,  f i r e s  and 

r i v e r i n e  e r o s i o n  combine t o  mainta in  a c o n t i n u a l l y  changing mosaic o f  

g r a s s l a n d s  and r i v e r i n e  f o r e s t s  i n  v a r i o u s  s t a g e s  o f  success ion  ( P l a t e  4).  

Such h a b i t a t  t y p e s  a r e  r e s t r i c t e d  now almost e n t i r e l y  t o  t h e  p a r k .  Most 

o f  t h e  Chitawan c l m  h a s  been c l e a r e d  f o r  c u l t i v a t i o n  (Sec t ion  1 . 4 ) ,  and 

many u n c u l t i v a t e d  a r e a s  have been t ransformed i n t o  open woodland, scrub o r  



s h o r t  g r a s s l a n d  by e x t e n s i v e  t r e e - f e l l i n g  and t h e  g r a z i n g  of domest ic  s t o c k .  

The S iwal iks  and  t h e  Mahabharat remain covered bl- s a l  f o r e s t ,  b u t  much o f  

t h e  o l d  blahendra Deer Park i s  now more l i k e  woodland, w i t h  widely  spaced  

t r e e s  and s p a r s e  undergrowth. 

Bolton (1975) p u b l i s h e d  t h e  o n l y  account  of  t h e  v e g e t a t i o n  o f  t h e  p a r k ,  

b a s e d  l a r g e l y  on i n f o r n a t i o n  a n d  specimens c o l l e c t e d  by J . L .  Fox and myself .  

I c o l l e c t e d  p l a n t s  bo th  i n  and around t h e  p a r k ,  and my c o l l e c t i o n  of a t  

l e a s t  385 p l a n t  s p e c i e s  ( l i s t e d  i n  Appendix D) is t h e  most comprehensive 

one recorded  from t h e  a r e a .  

I used a e r i a l  photographs  (H.M. G .  Dept. o f  Hydrology, A p r i l  1973; 

f l y i n g  h e i g h t ,  3,500 m ) ,  s a t e l l i t e  photographs  (2.g. P l a t e  1) and my p l a n t  

i d e n t i f i c a t i o n s  t o  c l a s s i f y  and map t h e  v e g e t a t i o n  t y p e s  o f  ?he park and 

i t s  immediate su r roundings  ( s e e  F igs .  2 . 2 ,  2 . 6 ,  3.8 and 2 .9 ) .  I c l a s s i f i e d  

t h e  ~ ~ ~ u l t i v a t e d  a r e a s  i n t o  s i x  main c l  a s s e s  o f  v e g e t a t i o n ,  and d i s t i n g u i s h -  

ed v a r i a t i o n s  w i t h i n  them, which a r e  d e s c r i b e d  below. The s i x  c l a s s e s  a r e :  

(a) s a l  and h i l l  f o r e s t ,  (b) r i v e r i n e  f o r e s t ,  (c) t a l l  g r a s s l a n d ,  (d) 

s h o r t  g r a s s l a n d  and r i v e r - b a n k s ,  ( e )  permanent l a k e s ,  ( f)  sc rub .  Some 

of t h e  f o r e s t  t y p e s  t h a t  I d i s t i n g u i s h e d  a r e  t h e  same as t h o s e  d e s c r i b e d  

by S t a i n t o n  (1973).  I have used t h e  nomenclature o f  Hara s5 al .  (1978).  

2 . l  .5 .1  S a l  and h i l l  f o r e s t  

S a l  (SAorea robusuzj commonly grows t o  about 75 metres  i n  Chitawan , 

e i t h e r  i n  p u r e  s t a n d s  o r  w i t h  r a t h e r  few a s s o c i a t e d  t r e e  s p e c i e s ,  2.g.  

TenninaZia ooiz ir ica,  Gar7qa pinzata, B r - L k Z i c z  r;;:*,co, Mq:n.3 ~ S L C  

l a t i f o l i u s ,  Buchanania Zati foZia and m: ZZmia ind i za ,  and c r e e p e r s  such 

as Bauhinia vahZii and SpathoLobx parvi;7orms. -n-;lninaZic s p e c i e s  (T.  

beZZiriea, T. aZata, 7'. cizebula) dominate t h e  s a i  i ~ .  p l a c e s ,  and form 

T m i n a l i a  lJoodland ( S t a i n t o n ,  1972) wi th  a s s o c i a t e 3  such as L q e r s t m e n i a  

parvijZora, S~sygiwn m-hi, Adina eordifoLSa, S a ~ i ~ a u i a  nepav.lmsis and 





schzzichera tm?jicga. S a l  f o r e s t  and TeminaZia i\'oodland grow e x t e n s i v e l y  
3 

on t h e  h i l l s ,  and w i t h i n  them t h e r e  a r e  pa tches  o f  f o r e s i  a long  t h e  w a t e r  

courses  which i n  c  lude s p e c i e s  such as ~Yacarm.go &n ticzclata, ficzc; 

g lomerata, Aey l z  mmne Los, Xerc;rrrp;liu spiizosa and 2VaZ lot us phi Z lippens i s .  

This  a s s o c i a t i o n  is s i n i l a r  t o  S u b t r o p i c a l  Deciduous H i l l  Fores t  ( S t a i n t o n ,  

1972) b u t  d i f f e r s  i n  i t s  s p e c i e s  composit ion.  The c h i r  p i n e  (P?n;is 

roxbil~ghii) occurs  w i t h  s a l  on some of t h e  d r i e r  r i d g e s  o f  t h e  ( Ihur ias .  

I have n o t  mapped t h e  d i s t r i b u t i o n  o f  t h e  d i f f e r e n t  t y p e s  o f  s a l  and 

h i l l  f o r e s t .  The p u r e s t  s t a n d s  o f  sal occur  on t h e  lowlands around Kasra 

i n  t h e  c e n t r e  of  t h e  p a r k .  Undergroru.th i s  s p a r s e  t h e r e  dur ing  t h e  d ry  

months, b u t  s a p l i n g s  come i n t o  l e a f  d u r i n g  t h e  monsoon, and g r a s s e s  such 

as Theme& 3iiZoso. grow p r o l i f i c a i l y ,  r each ing  a h e i g h t  o f  f i v e  t o  s i x  

metres  i n  c l e a r i n g s  . ~ l o n o c o t y  ledons such as .'iedycizitcm spicaizm and 

Zingiber capitai;wn o c c u r  i n  t h e  undergrowth,  and 2;loenix acad i s  palms a r e  

common i n  -Lhe h i l l s .  Bamboos (Dendrcca7m~~s s t ~ ~ c t s )  a r e  common on t h e  

mois t  n o r t h - f a c i n g  s l o p e s  o f  t h e  Churias ,  and they form t h i c k e t s  i n  some 

l o c a l i t i e s .  

1.1 .S .2  R i v e r i n e  f o r e s t  

The term r i v e r i n e  f o r e s t  h a s  been used r a t h e r  l o o s e l y  t o  d e s c r i b e  a 

wide v a r i e t y  of  t r e c  a s s o c i a t i o n s  which occur  a long  rrratercourses 

( D i n e r s t e i n ,  1976).  1 d i s t i n g u i s h e d  f o u r  main t y p e s  o f  r i v c r i n e  f o r e s t  

a s s o c i a t i o n s  : 

(a )  Kha i r - s i s soo  

Khair  (Acacia c&~chu)  and s i s s o o  (2aibergia sSssoo) a s s o c i a t i o n s  

dominate t h e  banks of t h e  Rapti. and Naryani Ril~ers on r e c e n t  a l luvium.  

One o f  t h e s e  s p e c i e s  normal ly  g r e a t l y  outnumbers t h e  o t h e r :  k h a i r  i s  t h e  

most common s p e c i e s  i n  t h e  d r i e r  r eg ions .  There i s  o f t e n  a dense under- 



growth of  Pcgostemm. bengalensis and a  v a r i e t y  o f  o t h e r  shrubs,  h e h s  

and grasses .  The Khair-s issoo assoc ia t ion  i s  a  colonizing vegetat ion 

type which, i f  succes s fu l  i n  s t a b i l i z i n g  the  r i v e r - s i d e  grave l ,  u l t im-  

a t e l y  produces condit ions favourable  t o  o the r  t r e e  spec i e s .  

@) Bmbm - Trewia 

Bmbax cziba and Trewia nz~diftora a re  t h e  two most common t r e e  spec ies  

i n  another  r i v e r i n e  f o r e s t  type which represents  a  l a t e r  s t age  i n  success- 

ion and appears a s  a d i s t i n c t  s t r i p  between t h e  khair-sis-soo and t h e  s a l  

f o r e s t s .  I t  i s  a type of Tropica l  Deciduous Riverine Forest  (S ta in ton ,  

1972) , and inc ludes  spec i e s  such a s  Bauhinia malabam:ca, Sutea rnonosperma, 

Ehretia ZaezCs, Litsaea mmapztala and Careya arborea. Understory shrubs 

inc lude  CaZZicarpa rnmmphy ZZa, CZerodendran viscosum and Phy ZZanthus 

embtica. There i s  a g rea t  v a r i e t y  of t r e e  spec i e s  i n  undisturbed a reas ,  

b u t  s e l e c t i v e  f e l l i n g  and s tock-grazing have transformed many areas  i n t o  

open scrub.  Grasses a r e  spa r se  except i n  c l ea r ings  and a t  t he  f o r e s t  edges 

where t a l l  spec i e s ,  such as Vetiueria zizanoidzs, Sacchamm mm ja and S. 

spmtaneum, and s h o r t e r  s p e c i e s , s u c ~  as @nodon dactylon, Setaria pallide- 

fusca, PaspaZidium fZavi&,  Chqjsopogon acicu2at.m and Digitaria setigera, 

occur  . 

(c )  Eugenia Woodland 

Almost pure s tands  of  Eugenia jamboha (now c a l l e d  Syzygium m i n i )  

occur  i n  damp p laces  along t h e  banks of t h e  Naryani and i t s  o ld  courses.  

This is another  type  o f  S t a in ton '  S (1972) Tropical  Deciduous Riverine 

Fores t .  I  d id  no t  make a  d e t a i l e d  co l l ec t ion  of  a s soc i a t ed  understory 

spec i e s ,  b u t  they  inc lude  CoZebrookia opposi t i fol ia  and W r a y a  koenigii. 

(d) Tropica l  Evergreen Forest 

In a  few p laces  such as Bagmara t o  t h e  nor th-eas t  o f  t he  park,  I  

found a s s o c i a t i o n s  s i m i l a r  t o  t h e  Tropical  Evergreen Forest  descr ibed by 



S t a i n t o r .  (1972). This  type  o f  f o r e s t  d i f f e r s  from t h e  o t h e r  r i v e r i n e  

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

number o f  c l imbers  such as C c l m ~ s  tanuis .  The t r e e s ,  whose h e i g h t  does 

n o t  exceed 20 m e t r e s ,  i n c i u d e  Litaaea ~oncrpetoia, S g q g i w r :  e m i n i ,  S .  

oparcic!cz;cs, i ' l q i f g r a  tndica, Adsanha S tcg~aee&,  3acca;~ea  sapi&, 

?A&-mga g~w.Lii,''lo~c~ and d ib i z z i a  spp., as w e l l  as some s p e c i e s  o f  

s t r a n g l i n g  -r:~:~~. 

2 .1 .5 .3  T a l l  g r a s s l a n d  

I d i s t i n g u i s h e d  f o u r  main types  o f  t a l l  g r a s s l a n d :  

( a )  The~~eda  vfZZosa, as a l r e a d y  mentioned (Sec t ion  2 . 1 . 5 . 1 )  forms a t a l l  

g r a s s  cover  up t o  s i x  metres  h igh  i n  c l e a r i n g s  i n  the  sa l  f o r e s t ,  e s p e c i a l -  

l y  on o l d  r i v e r - c o u r s e s .  

(b)  S a c ~ > ~ r !  - Jarmga a s s o c i a t i o n s  grow as mised and pure  szands  up t o  

e i g h t  me t res  h igh  ( P l a t e  S ) ,  w i t h  t h e  dominant s p e c i e s  v a r y i n g  a c c o r d i n g  t o  

l o c a l i t y .  Saccham 3pm.tmair1, as d e s c r i b e d  i n  S e c t i o n  2 .1 .5 .1 ,  i s  one o f  

t h e  f i r s t  s p e c i e s  t o  c o l o n i z e  newly c r e a t e d  sandbanks .  S. spo-n;m.-3'a, 3. 

n?un ja, c'rian~nics rcrvemae and Narmga spp.  a r e  a l l  c h a r a c t e r i s t i c  o f  l a t e r  

s t a g e s  i n  t h e  s u c c e s s i o n .  S h o r t e r  g r a s s e s  grow under  t h e  c a l l  g r a s s  

canopy, and cl imbing g r a s s e s  such as Aplt~da - 7 x t l c ~  a r e  a l s o  common. Trees  

such as P a b a  zeiba, T r e c k  nudifZora mind 3ah+z 2tc vui&am.ica, and s h n i b  S 

such a s  Colzbmokicr and Ccllicarpn s p p . ,  a r e  p r e s e n t  in  varying abundance. 

(c)  .4mazllo - Phmymitza a s s o c i a t i o n s  form dense scainds up t o  more than  

seven metres  h igh  a long s t r eam beds on t h e  f l o o d  p l a i n  and around lakes  

( s e e  S e c t i o n  2.1.3.5) .  .?PP.& d m . ~ ,  P4rcg:C;e.s ::c~4a, facc;:~*m spp., 

Qpha eZzphcn?z:nu and nunerous  t a l l  s p e c i e s  o f  b%pems a r e  t h e  most f r e -  

quen t components. 



(d) Imperata cy ZindYica grows p r o l i f i c a l l y  i n  a reas  within the park which 

were occupied by v i l l a g e s  p r i o r  t o  evacuation i n  1964. Sacchar!! spp. 

a l s o  occur  i n  these  a r e a s ,  bu t  they a r e  spa r se ly  s c a t t e r e d  and Imperata i s  

dominant, e s p e c i a l l y  where t h e  v i l l a g e r s  cut i t  f o r  tha tch ing .  Iniperata 

i s  very v a r i a b l e  i n  he igh t  bu t  can grow up t o  two metres o r  more. 

There a r e  some o t h e r  l e s s  common types o f  t a l l  g rass  assoc ia t ions .  

The aromatic Qmbapogon spp. grow i n  some dry sandy loca t ions  on t h e  edge 

of t a l l e r  Saecizarwtr s t a n d s ,  and Vetiueria zizanoides is cbmmon a t  t h e  edges 

of r i v e r i n e  f o r e s t .  ArwzdinelZa spp., ~Veyraudia reynaudiana, ThyscmoZaena ' 

maxha and T h p s i a  zea a r e  a l s o  common i n  mixed s tands  o f  t a l l  g rass .  

The t a l l  grasslands dry out  during t h e  winter ,  and can burn between 

December and Apr i l .  Burning i s  ca r r i ed  out  by t h e  park s t a f f  as a 

d e l i b e r a t e  pol icy  i n  most a reas  (see Sect ion 2 .l -5 .8)  . However, regrowth 

i s  rap id ,  and much o f  t h e  grass  reaches two o r  t h r e e  metres i n  he ight  

be fo re  t he  Blay r a i n s  (Sect ion 2.1.4) .  

2 .1 .5 .4  Short g rass land  and r i v e r  beds 

For most o f  t h e  y e a r ,  t h e  major r i v e r s  of  Chi twan flow as small 

channels wi th in  a  vas t  bed o f  sandbanks t h a t  change t h e i r  configurat ion 

each year  during t h e  monsoon floods (Section 2.1.4) . A wide v a r i e t y  o f  

p l a n t  a s soc i a t ions  occur on the  r iver-beds over  t h e  year:-  

(a )  During the  dry months, various s h o r t  g rasses  and herbs  grow on t h e  

exposed sandbanks. They suddenly become much more p r o l i f i c  as the r a in  

s t a r t s  i n  May. P o Z y g m  pZebujm, Persicaria spp. and sedges such as 

@perus, Ky lZingia and fariscus spp . (see Appendix D) a r e  very common 

around s tanding  pools  o f  water, and aqua t i c  p l an t s  such as HyciriZla 

verticiZZata, Ceratopity Z h  dmersum and UtricuZaria cacrea occur  i n  the 

pools.  Tumarix dioica is a common shrub,  e s p e c i a l l y  i n  dry areas .  



(b) Some a r e a s ,  p a r t i c u l a r l y  h i g h e r  a r e s s  n e a r  t h e  r i v e r i n e  f o r e s t  remain 

covered w i t h  s h o r t  g r a s s e s  such as Qnodm. dactyloi? and Chrdsqogm 

acicuZat;rs a1 l tlie y e a r  round.  S h o r t  g r a s s e s  such zs t h e s e ,  E~cqrostis 

japonica and S~ach icr i r l~  rmoaa a r e  qu ick  t o  germinate  and grow b o t h  at  t h e  

s t a r t  o f  t h e  r a i n s  and d u r i n g  and immediately a f t e r  t h e  monsoon when a 

f a l l  i n  w a t e r  l e v e l  exposes s i l t - b e d s .  These a r e  a l l  low, sometimes 

c reep ing  g r z s s e s  which r a r e l y  exceed 30 cm i n  h e i g h t .  

( c )  Saccka~im spuntcne~T and, t o  a  l e s s e r  e x t e n t ,  some o t h c r  S a c & a m  

s p e c i e s  grow p r o l i f i c a l l y  a t  t h e  beg inn ing  o f  t h e  rnonsoon, r each ing  a  

h e i g h t  o f  up t o  t h r e e  m e t r e s .  Lobe-lying s t a n d s  o f  Sacc,hmw a r e  d e s t r o y e d  

by r e p e a t e d  f l o o d i n g  e a r l y  i n  t h e  monsoon. 

In a r e a s  n e a r  t h e  edge o f  t h e  p a r k ,  s h o r t  g r a s s l a n d  i s  mainta ined 

by t h e  g r a z i n g  p r e s s u r e  of  domes t ic  s t o c k .  The main s p e c i e s  which o c c u r  

i n  t h e s e  s h o r t  grass swards a r e  a s t u n t e d  form o f  Irzperata c~ l indr ica ,  

Chnjsopogar. aaCi;~Zatu and Qnodon dactg lm: Sacclzmm spp . r a r e l y  

e s t a b l i s h  themselves  i n  such a r e a s .  

L a t e r  i n  t h i s  r e p o r t ,  I use t h e  term s h o r t  g r a s s l a n d  t o  e n c o q a s s  

s h o r t  g r a s s l r m d  away from t h e  r i v e r s  as w e l l  a s  t h e  t h r e e  v e g e t a t i o n  types  

of t h e  r i v e r  beds d e s c r i b e d  above. I f  t h e  u s e  o f  t h e  term s h o r t  gr,assland 

appears  u n s u i t a b l e  f o r  veget  a r i o n  which i n c l u d e s  g r a s s  t h r e e  metres  h i g h ,  

it shou ld  be  remembered t h a t  t h i s  is indeed s h o r t  when compared wi th  t h e  

t a l l  g r a s s l m d s  o f  up r o  e i g h t  inetres i n  h e i g h t  d e s c r i b e d  i n  Secti.on 

2.1.5.:. Fur thermore,  f o r  most o f  t h e  y e a r ,  t h e  grass on thc r iver -beds  

i s  mud1 s h o r t e r  than  t h r e e  met res .  

2 . 1 . 5 . 5  Permanent l a k e s  

A l a r g e  nuliber o f  permanenr l akes  o r  zaZs occur i n  t h e  p a r k ,  most ly  

on o l d  r i v e r - b e d s  (Sec t ion  2 . 1 . 4 ) .  Many flow s lo r i ly  d u r i n g  t h e  dry  season 



b u t  they a r e  a l l  f looded dur ing  t h e  monsoon, and r i v e r s  f requent ly  flow 

along t h e i r  o l d  courses ,  j o in ing  s e r i e s  of i s o l a t e d  t a l s .  The vegeta t ion  

around t h e  edges of  t he  taZs is usua l ly  t h e  Amdo-Phrqmites as soc ia t ion  

descr ibed i n  Sect ion 2.1.5.3.  Zlombax ceiba and Trewia nudif Zora a re  com- 

mon t r e e s  on the r a i s e d  t e r r a c e s  along o l d  r iver -courses  (Section 2.1.5.2) 

Within the  t a k ,  aqua t i c  p l a n t s  a r e  numerous and very p r o l i f i c .  Submerged 

and f l o a t i n g  forms i n  cluaed P i s  t i c  S Zratiotes, Lmma perptcsi ZZa, HydriZ Za 

uerticiZZata, U t r i c u h : o  m e a  ar:d CeratophyZZran h e r s u m .  

2.1.5.6 Scrub 

The grass lands  and f o r e s t s  a t  t h e  edge of the  park and over  most o f  

t h e  v a l l e y  have been considerably modified by man and h i s  domestic s tock .  

bfuch of t h e  r i v e r i n e  woodland has been s e l e c t i v e l y  f e l l e d  f o r  t h e  b e s t  

t r e e  spec ies  f o r  bu i ld ing  houses and b o a t s .  C a t t l e  and buf fa loes  have 

reduced many areas  t o  low scrub with a s h o r t  g rass  cover of  p e r s i s t e n t  

spe ! c 5  such as Imperata cylindrica, Chqsopcgon acicuZatus and Cynodon 

dacty lax, a ~ d  unpala tab le  shrubs such as CaZotrapis gigantea, CoZebrookia 

oppositifc:,in and CZerodendmm viscoszm. Trmia  nudifZora i s  the  most 

common t r e e  spec ies  but  it i s  con t inua l ly  lopped f o r  c a t t l e  fodder by the  

v i l l a g e r s .  

There i s  a  grea t  v a r i e t y  o f  types of scrub r e s u l t i n g  from d i f f e r e n t  

degrees o f  modification by human and domestic s tock ,  of  d i f f e r e n t  r i v e r -  

ine f o r e s t  and grass land  a s soc i a t ions .  

2.1.5.7 Cul t iva ted  land 

Local v a r i a t i o n  in  s o i l s  and drainage (Sect ions 2.1.2 and 2.1.4) 

r e s u l t  i n  a  va r i ed  pa t t e rn  o f  cu l t i va t ion .  Fig. 2 - 7  shows t h e  c u l t i v a t i o n  

p a t t e r n  i n  the t r a d i t i o n a l  a reas  of neighbouring Nawalpur, a f t e r  Berry e t  

al .  (1974). The p a t t e r n  around Sauraha seemed t o  be  very s i m i l a r  t o  t h i s .  
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."id. 2. 7 .  C~opping pattern for t radi  t737zaZ m-as o:? ;JcwaZpur. 
Source: 3ernj e t  al.. ( 1 3 7 4 ) .  

Low- l y i n g  l a n d  (kizet)  normal l y  produces  an annual  crop o f  r i c e  (Oryza 

sa t i va)  w h i c h  i s  o f t e n  n o t  h a r v e s t e d  u n t i l  D e c e h e r .  Pu l ses  ( e . g .  C&m.trs 

so t i va)  a r e  grown on some o f  t h e  e a r l i e r  h a r v e s r e d  f i e l d s  and t h e s e  a r e  

h a r v e s t e d  as l a t e  as A p r i l .  The h i g h e r  and d r i e r  l a n d  (2aa.c) j s  f r e -  

q u e n t l y  doub l e -c ropped .  Maize (Zea m c q s )  i s  p l a n t e d  b e f o r e  t h e  monsoon 

and h a r v e s t e d  f r o m  J u l y  t o  September,  and e a r l y  v a r i e t i e s  o f  r i c e  growl 

on some o f  t h e  h i g h e r  ground a r e  a l s o  h a r v e s t e d  by  September.  The major  

crop on t h e  h i g h e r  ground dur ing  t h e  w i n t e r  i s  mustard  (.Grcz?sSca s p . ) ,  

a1 though wheat (TrLt l o ~ m  arvens?) , barle:: (.Yorc;am vulgare) a n d  m i  l l e t  

(Paspuhm sc rob ic~~amrn)  are a l s o  grown - u s u a l l y  on s l i g h t l y  w e t t e r  

ground. Minor c r o p s  grorsn n e a r  t h e  houses  i n c l u d e  tobzcco  (ilicotirzianc 

tabactcm) , c h i  l l i e s  ( C q s k u m  lawurn) , banan:is (.:.%a 5a3Xsirn.~) , s p i n a c h  

(Brmsica s p . )  and cucunbers (hacrnis SQ-C<V-&) . 



Many spec i e s  of sho r t  g r a s s ,  sedges and hexbs grow i n  t h e  crops and 

i n  the  f i e l d s  ou t s ide  t h e  crop-growing seasons. The more common spec ies  

include Capi ZZipediwn a s s 7 ~  Le, Daoty Zocteniurn aegyptiurn, Echinoch Zoa 

co lciza, ZZe W -he indica, Hetzropcg on cm$ort7&, Imperda cy lindrica, 

iksmos+,achya bipinnata, @perms spp . , Seirpus spp  . , C%enopodiwn album, 

AZ~ernanthera ssssi l- is ,  Q n q  Zossm g Zochidiatm and Eqhorbia hir ta .  

2.1.5.8 F i r e  

F i r e s  occur  i n  t h e  grass lands  and i n  the  s a l  f o r e s t  between January 

and Apr i l .  blost f i r e s  a r e  l i t  e i t h e r  by l o c a l  v i l l a g e r s  o r  by park s t a f f ,  

although t h e r e  a r e  r epo r t s  o f  f i r e s  which s t a r t e d  spontaneously. Fallen 

s a l  leaves provide t h e  f u e l  i n  t he  s a l  f o r e s t ,  as t h e r e  i s  l i t t l e  under- 

growth during t h e  dry season. Dead wood, small  s ap l ings  and shrubs a l s o  

burn i f  t h e  f i r e  is hot enough, a s  it o f t en  i s  when f u e l l e d  by a patch 

o f  dry g ra s s .  

Early grass land  f i r e s  a r e  cool and have l i t t l e  e f f e c t  on shrubs and 

t r e e s .  La ter  f i r e s  bum when t h e  g ra s s  i s  much d r i e r ,  and pene t r a t e  t h e  

edges of  some of t h e  r i v e r i n e  f o r e s t .  F i r e s  c e r t a i n l y  reduce t h e  number 

of spec ies  o f  t r e e s  and shrubs i n  t he  grass lands :  Bombm ceiba i s  p a r t -  

i c u l a r l y  f i r e  r e s i s t a n t  (Troth,  1976). The regrowth o f  grasses  a f t e r  

burning is very r ap id  (Section 2.1.5.3) - p a r t i c u l a r l y  s o  i f  t h e r e  .are 

some e a r l y  r a i n  showers. 

Burning is not  a recent  f a c t o r  i n  the ecology o f  Chitawan: man has 

been burning grass lands  i n  Asia  f o r  thousands of  years and t h e r e  i s  a l s o  

considerable  evidence of  n a t u r a l  f i r e s  caused by l i gh tn ing  (Wharton, 1968; 

Ashton and Ashton, 1972; Kozlowski and Ahlgren, 1974) . 

2.1.6 Fauna 

Nepal l i e s  i n  the  zone of overlap between the  southern Or ien ta l  fauna 



and the nort!lern Palearctig: fauna.  Th is  geographical  p o s i t i o n  has l e d  

t o  3 very  l a r g e  b i r d  p o p u l a t i o n :  h a l f  o f  t h e  t o t a l  number of b i r d  s p e c i e s  

recorded i n  sou th  and s o u t h - e a s t  As ia  occur  i n  Nepal (Fleniing zt al., 

1 9 7 b ) .  Over 300 b i r d  s p e c i e s  have been recorded  i n  Chi tawm.  

Thc maiwnal fauna  of Yepai i s  more l i m i t e d ,  cmd t h a t  o f  Chitawan i s  

r e s t r i c r c d  t o  t h e  O r i e n t a l  fauna.  I c o n s i d e r  below t h e  lar,oe m m a l s  

which occur  i11 t h e  same h a b i t a t  types  a s  t i le r h i n o .  S c i e n t i f i c  names a r e  

l i s t e d  i n  Appendis E aid d e s c r i p ~ i c n s  o f  ~ h e s e  m ~ m a l s  were given by 

P r a t e r  (1971) . 
.Among u n g u l a t e s ,  hog d e e r  a r e  t h e  n o s t  abundant ,  alrhough r h i n o s  

c o n s t i t u t e  t h e  bulk of  t h e  biomass ( S e i d e n s t i c k e r ,  1976;  Laur ie ,  unpubl .  

d a t a )  . Hog J e e r  a r e  predominant ly  g r a z e r s ,  and 2 re  r a r e l y  found i n  s c r u b  

o r  f o r e s t .  T'ne). a r e  u s u a i i y  s o l i t a r y  o r  i n  smal l  groups.  Nest i n  abund- 

ance and biomass a r e  t h e  c h i t a l  o r  s p o t t e d  d e e r  which f r e q u e n t l y  g raze  i n  

t h e  t a l l  g r a s s l a n d s  b u t  a l s o  brcwse i n  r i v e r i n e  f o r e s c  and t h e  lower s a l  

f o r e s t ,  and g raze  on s h o r t  g r a s s e s  a t  f o r e s t - e d g e s  and on open r i v e r - b a n k s .  

[Jnlilie hog d e e r ,  c h i t a l  a l s o  l i v e  i n  scrubby a r e a s  o u t s i d e  t h e  p a r k ,  and 

feed on c u l t i v a t e d  c rops  a t  n i g h t .  Ci-tital a r e  more g r e g a r i o u s  th:m hog 

d e e r ,  some herds  numbering o v e r  15 0 i n d i v i d u a l  S .  

\Vild p i g s ,  t i le  n e s t  most abundant of  t h e  u n g u l n t e s ,  a r e  sven  more 

u b i q u i t o u s  t h a n  c h i t a l .  They occur  i n  a l l  h a h i c a t  t y p e s ,  i n c i u d i n g  t h e  

sal and h i l l  f o r e s t ,  but  a r e  most i n  evidence OR t h e  f l o o d  p l a i n s  31.13 i n  

scrubby woodlarld a d j a c e n t  t o  c u l t i v a t e d  l m d .  The  d i e t  of tci ld p i g s  i n -  

c ludes  g r a s s ,  r o o t s ,  browse, f r u i t s  and t h e  c a r c a s s e s  o f  o t h e r  animals  - 

t h e y  commonly feed  from t i g e r  k i l l s .  In c u l z i v a t e d  l a d ,  wi ld  p i g s  r a i d  

t h e  maize crop i n  p ~ r t i c u i a r .  Typical  groups a r e  made up o f  a  number o f  

females h - i t h  t h e i r  young from v a r i o u s  l i t t e r s .  

The sambhar a r e  t h e  l a r g e s t  o f  t h e  d e e r  i n  Chitawan: t h e y  l i v e  a t  

low d e n s i t y  i n  a l l  h a b i t a t  t y p e s ,  e i t h e r  s o l i t a r i l y  o r  i n  groups o f  2-10 



i nd iv idua l s .  Sambhar e a t  a  wide v a r i e t y  of p l a n t s ,  favouring young grass  

shoots  when a v a i l a b l e  and feeding ex tens ive ly  on submerged o r  f l o a t i n g  

aqua t i c  vege ta t ion .  Barking dee r ,  t h e  sma l l e s t  deer  i n  Chitawan, a r e  

commonly seen in  ones,  twos and th rees  i n  r i v e r i n e  f o r e s t  and t h e  

lower s a l  f o r e s t ,  e s p e c i a l l y  n e a r  open r iver-banks.  They a r e  mainly 

browsers although they  a l s o  graze s h o r t  g rass  on t h e  river-banks. Though 

more numerous than the sambhar, they c o n s t i t u t e  a sma l l e r  pa r t  o f  t he  b io-  

mass (Se idens t icker ,  1976; Laurie,  unpubl. d a t a ) .  

Next t o  t h e  rh ino ,  t h e  l a r g e s t  o f  t h e  wi ld  ungulates  r e s iden t  i n  

Chitawan a r e  t he  gaur  o r  wi ld  c a t t l e  which l i v e  mainly i n  the Churia and 

t h e  Someswar h i l l s  bu t  v i s i t  t h e  p l a ins  during t h e  dry season when food 

i s  scarce  i n  the  burned s a l  f o r e s t .  Gaur a r e  mixed grazers  and browsers 

t h a t  l i v e  i n  herds o f  up t o  30 i nd iv idua l s ,  although a d u l t  b u l l s  a r e  of ten 

s o l i t a r y .  Wild e lephants  now v i s i t  Chitawan r a r e l y  though 30 years  ago 

they  were very common. The swamp deer  and t h e  wild b u f f a l o  have both 

disappeared within the last 20 years.. 

I t  i s  important t o  no te  t h a t ,  along t h e  park borders ,  t he  biomass 

o f  t h e  domestic ungulates i s  more than twice t h a t  of  the wild ungulates;  

whereas, i n  the  cen t r e  of  t h e  va l ley ,  t h e  biomass o f  t he  domestic s tock  

more c lose ly  approximates t h a t  of  t he  wi ld  ungulates  (Se idens t icker ,  1976). 

The domestic s tock is  mainly c a t t l e  and buffaloes bu t  t h e r e  a r e  a l s o  some 

sheep, goats  and p igs .  

Among carn ivores ,  t h e r e  a r e  about 30 t i g e r s  d i s t r i b u t e d  throughout 

t h e  park and a  few more in  surrounding a reas .  Ch i t a l  a r e  t h e i r  most 

important prey (Sunnquist and Tamang, 1976), bu t  t h e  t i g e r s  a l s o  take 

rhino calves (Section 3.8.1) . Leopards a r e  widespread within t h e  park 

and most numerous on t h e  f lood p l a ins  and i n  t he  lower h i l l  f o r e s t s .  

There a r e  about 50-60 s l o t h  bears  within t h e  park: they t r a v e l  widely 

and feed on t e rmi t e s ,  an ts  and f r u i t s  (Laurie  and Se idens t icker ,  1977). 



O t h e r  p r e d a ~ o r s  i n c l u d e  t h e  India-, fox,  t h e  j a c k a l ,  t!lc s t r i p e d  hyaena,  

t h e  w i l d  Joy, t h e  j u n g l e  c z t ,  t h e  f i s h i n g  c a t  and t h e  s s o o t h  Indian o t t e r .  

Gange t i c  do lph ins  l i v e  i n  t h e  Xaryani, b u t  they  a r e  2ndangered 5;. a 

b a r r a g e  a t  t h e  Indian b o r d e r  which r e s t r i c t s  t h e i r  movements. 

The mammal wi th  t h e  g r e a r e s t  impact on t h e  v e g e t a t i o n  o f  t h e  v a l l e y  

i s  undoubtedly  mm. There are almost 200,000 peop ie  l i v i n g  i n  t h e  C l i t m a n  

v r i l l ey ,  b u t  on ly  ,&our 20,000 of'  chesr: a re  ! , i th in  erisy reach o f  t h e  park .  

blan's g r e a t e s t  impact  on t h e  v e g e t a t i o n  has  been a s  a  c u l t i v a t o r ,  a s t o c k -  

k e e p e r  and a b u i l d e r  or' kooden and g r a s s  houses ( s e e  S e c t i o n  2 .  l .  7) . 

Poaching w i r h i n  t h e  pz rk  i s  n o t  e:iter?si3;e a l t h o u z h  J e e r  a d  wi lZ  ~ i g s  

a r e  o f t e n  t r apped  i n  t h e  f i e l d s  d u r i n g  che m ~ z e  and r i c e  growin2 s e ~ r s o n s .  

N i l d  p i g s  are o f t e n  c a p t u r e d  as p i g l e t s  and r e a r e d  f o r  t h e  po t .  T i g e r s  

and l eopards  a r e  t r a p p e d  o r  poisoned o c c a s i o n a l l y .  

R e p t i l c s  and a ~ p h i b i a n s  recorded  i n  Chitawtln i n c l u d e  t h e  marsh 

c r o c o d i l e  o r  mugger, t h e  ? h a r i d ,  two s p e c i e s  o f  moni tor  l i z a r d s ,  t h e  

s t a r r e d  t o r t o i s e  mcl s e v e r a l  s p e c i e s  o f  Il~arJs, snahcs  and f r o g s .  

2 . 1 . 7  Cur ren t  i n f l u e n c e s  o f  n a - I  on the rh inos  and t h e i r  h a b i t a t s  

Uncu1tiv:ited lrmd is m i rnpor ta~ l t  r e s o u r c e  fo r  t h e  people o f  Chitawarl. 

I t  p r o v i d e s  g r a z i n g  and f o d d e r  f o r  t h c i r  d o n e s t i c  s t o c k  { S e c t i o ~  1.1 .6) ,  

f i b r e s  f o r  rope-making, t i m b e r  nnd grass f a r  b u i l d i n g ,  firewood f o r  cook- 

i n g ,  and f n i t s ,  s h o o t s ,  f i s h ,  molluscs a ~ d  c r u s t a c e a n s  f o r  humm cconsump- 

t i o n .  Stock-2ra:ing and c o l i e c t i o n  o f  fores: produce a r e  controlled t o  a 

c e r t a i n  e x t e n t  o u t s i d e  t h e  psrk a n d  alines; c o c z l l y  p r o h i b i t e d  w i ~ h i n  t h e  

p a r k .  

However, domest ic  s t o c k  are gra-cd up ;v rlic e i g e  o f  and sometimes 

w i t h i n  t h e  p a r k ,  p a l - t i c u l a r l y  i n  the  n o r t h - e a s t ,  and t he re  a r e  i l l e g a l  

i n c u r s i o n s  by v i l l a g e r s  t o  col  l e c t  f o r e s t  produce.  ' k e  c u t r i n g  o f  

g r a s  S (1mpt.i-ata ~y Lindz-ica! f o r  t ! ~ a t d ~  l n g  i s  p e r m i t t e d  i n  c e r t a i n  a r e a s  



f o r  two t o  f o u r  weeks p e r  year .  I t  i s  d i f f i c u l t  t o  po l i ce  such c u t t i n g ,  

and unauthorized c u t t i n g  of t imber  and canes o f  Sacchmm spp. and 

~Voenga spp. t akes  p l ace .  Furthermore, a r eas  a r e  bu rn t  t o  f a c i l i t a t e  

t he  c u t t i n g  of  the  canes. 

Such a c t i v i t i e s  have fa r - reaching  e f f e c t s  on the habi ta t ,and  cause 

considerable  d is turbance  t o  t h e  wild animals (d iscussed  i n  Sect ion 7 .1 .2) .  

V i s i t s  t o  t h e  park by t o u r i s t s  have small  e f f e c t s  a t  p resent  on the 

ecology of t h e  region,  b u t  w i l l  have t o  be monitored c a r e f u l l y  (d iscussed  

i n  Sect ion 7.2.1) . Cul t iva t ion  and s tock-graz ing  have transformed vas t  

a reas  of  grass land  and r i v e r i n e  f o r e s t  wi th in  a  r e l a t i v e l y  s h o r t  t ime. 

Crop-raiding by rh inos  i s  a  s e r ious  problem, and a  rhino-fence a t  

Sauraha has been only p a r t i a l l y  e f f e c t i v e  in con t ro l l i ng  i t  (see  a l s o  

Sec t ions  4 . 3 . 7  and 7.2.1) .  

Poaching o f  rhinos has been con t ro l l ed  almost e n t i r e l y  (shown in  

Sec t ions  3.8 and 7 .1 .1) .  However, t h e  t h r e a t s  t o  t he  rhinos o f  a  v a s t l y  

decreased a r e a  of  s u i t a b l e  h a b i t a t  and a f a s t  i n  c reas ing  human populat ion 

a r e  very se r ious .  The p ro t ec t ion ,  conservation and management of  t h e  

rhinos and t h e i r  h a b i t a t s  a r e  discussed f u l l y  i n  Sect ion 7 .  

2 .1 .8  Areas s e l e c t e d  f o r  i n t e n s i v e  s tudy  

Af t e r  a  month spent  exploring t h e  park and i t s  surroundings, I 

decided t o  make the  Sauraha a rea  i n  the  e a s t  of  t he  park my main s tudy  

area .  The reason f o r  t h i s  choice was mainly t h a t  I found it e a s i e r  t o  

observe rhinos at Sauraha: un l ike  o t h e r  a reas  I w a s  ab le  t o  see  a t  

l e a s t  one rhino at Sauraha on almost every t r i p  I made t o  look f o r  them. 

However, I d id  not  want t o  limit inves t iga t ions  t o  Sauraha which i s  

ad jacent  t o  t h e  c u l t i v a t e d  land and thus  i n e v i t a b l y  inf luenced by humans 

and domestic s tock .  I wanted t o  make comparative observat ions i n  an a r e a  

f u r t h e r  from t h e  park boundary, and the re fo re  I chose t h e  Tiger Tops a r e a  



as  a  subs id i a ry  study area .  

Figs.  2.6,  2 .8 and 2 .9  show t h e  vegetat ion types i n  the  Sauraha and 

t h e  Tiger  Tops a reas .  I b u i l t  two tha tched  h u t s  i n  t h e  Sauraha a rea ,  and 

the  l a r g e r  one became my headquarters .  On t r i p s  away from Sauraha, I 

e i t h e r  camped o u t ,  o r  s t ayed  i n  guard p o s t s  o r  at t h e  Tiger  Tops Jungle 

Lodge. 

2 . 2  ?he adaptat ion of t h e  Indian rhino t o  i t s  p re sen t  h a b i t a t s  

i n  Ch i twan  

The p re sen t  r i v e r i n e  f o r e s t  and grass land  h a b i t a t s  o f  Chi twan a r e  

probably s i m i l a r  t o  those  in which rhinos have been l i v i n g  f o r  two mi l l ion  

yea r s  (Sect ions 1.2,  1 . 3  and 2.1).  However, most o f  t h e  d ive r se  l a rge  

mammalian fauna of t h e  Pl iocene became e x t i n c t  i n  t h e  e a r l y  P le i s tocene ,  

and t h e  Indian rh ino  i s  one o f  t h e  few spec i e s  which survived t h e  P l e i s t o -  

cene g l ac i a t ions  (Wadia, 1966). Thus, although t h e  c l i m a t i c  and veget- 

a t i o n a l  condi t ions  a r e  probably t y p i c a l  o f  t hose  i n  which R. unicornis 

evolved, t h e r e  a r e  now fewer l a rge  herb ivores  t o  compete with t h e  rh ino ,  

and p reda to r s  a r e  a l s o  reduced i n  numbers and d i v e r s i t y .  

blan has  been t h e  most s i g n i f i c a n t  add i t i on  t o  t h e  fauna s ince  t h e  

Pl iocene,  and h i s  g r e a t e s t  impact has been as a c u l t i v a t o r .  He has  c u l t i -  

va ted  most o f  t h e  a l l u v i a l  p l a i n  h a b i t a t  o f  south Asia ,  and h i s  herds of  

domestic c a t t l e  and b u f f a l o  have transformed a r e a s  o f  woodland i n t o  sho r t  

g ra s s l and  with s c a t t e r e d  t r e e s  and scrubby undergrowth. The c u l t i v a t e d  

land and t h e  scrubby border  a r eas  between c u l t i v a t i o n  and a l l u v i a l  g rass -  

land o r  f o r e s t  a r e  r e l a t i v e l y  r ecen t  h a b i t a t  types  i n  t h e  evolut ionary 

h i s t o r y  of t he  Indian rh ino .  The i r  present  importance t o  t h e  rhinos o f  

Chitawan w i l l  become c l ea r .  
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2.3 General methods of observation 

The t a l l  grass lands  and dense woodlands made observat ion d i f f i c u l t ,  

e spec i a l ly  during t h e  monsoon when much o f  t h e  study a reas  were f looded 

I observed rhinos on f o o t ,  from elephant  back and from machans: t h e  

h a b i t a t  type,  t he  season and t h e  information be ing  sought determined t h e  

observat ion method used. 

Elephants were t h e  e a s i e s t  and s a f e s t  form o f  t r anspor t  i n  t he  t h i c k  

grasslands and swamps o f  Chitawan (see P l a t e  6 ) .  I spen t -ove r  2,000 hours  

on elephant  back during t h e  study. Most o f  t h i s  time was taken up i n  

searching  f o r  rh inos  and determining which rh inos  were p re sen t  i n  a p a r t -  

i c u l a r  a rea .  Elephants were not  so  convenient f o r  prolonged observat ion 

o f  individuals ,because they  inev i t ab ly  moved and s t a r t e d  t o  feed,  thus  

s ca r ing  away the rh inos  being watched. Observation d is tances  i n  t h i c k  

grass land  were obviously small ; it was usua l ly  impossible t o  see  a rh ino  

at more than 10 metres dis tance,and then it was normally f r igh tened  and 

e i t h e r  ran o f f  o r  remained n e a h y ,  a l e r t  and dis turbed.  In more open 

grass land  and along r iver -beds ,  observat ion d i s t ances  increased  up t o  

200 metres and d is turbance  o f  t he  rh inos  could be  avoided. When search-  

i n g  an a r e a , I  s tood  on the  back of t h e  e lephant  holding a rope f o r  sup- 

p o r t ,  thus  a t t a i n i n g  an eye he ight  o f  about 4.5 metres on a moving p l a t -  

form. Any movement i n  t h e  g ra s s ,o r  mynah b i r d s  f l y i n g  up from rh inos '  

backs, could b e  s p o t t e d  immediately,and t h e  d r i v e r  o f  t he  elephant  d i r e c t e d  

t o  t h e  spot .  

For prolonged observat ions o f  i n d i v i d u a l s ,  t h e  elephant  was unsaddled 

and allowed t o  feed.  Lying on he r  back and guiding h e r  t o  keep downwind 

of  grazing rh inos ,  I  was ab le  t o  remain undetected by the  rhinos f o r  

per iods of up t o  two hours. 

Although e lephants  were invaluable  i n  reaching areas  dangerous o r  

impossible t o  v i s i t  on foo t ,  they were imprac t i ca l  f o r  observat ion o f  



animals i n  woodland a reas .  The no i se  of  t h e i r  passage and the  c u t t i n g  of 

branches by the  d r i v e r  s ca red  many rhinos and o t h e r  animals before  I could . 

s e e  them. I t  was more convenient t o  t r a v e l  on foot  i n  these  a reas .  There 

were usua l ly  t r e e s  nearby f o r  escape from aggress ive  rhinos;  and ca re fu l  

progress ,  l i s t e n i n g  f o r  sounds of rhinos feeding,  moving o r  b rea th ing ,  

enabled me t o  approach very c lose  t o  rh inos .  I o f t e n  climbed a t r e e  down- 

wind o f  any rhinos found, and observat ion d i s t ances  i n  these  cases were 

usua l ly  between 20 and 40 metres,although t h e  rh inos  sometimes came 

n e a r e r  and s tood  beneath t h e  t r e e .  The most extended observat ions were 

made from machans b u i l t  i n  t r e e s  o r  on t h e  ground. The h ighes t  machans 

were about 15 metres above t h e  ground,and from t h e s e  I could survey wide 

a reas  without being de tec ted  by rhinos.  Successfu l  use o f  t h e  lower ones 

depended upon the wind d i r ec t ion :  they were e x c e l l e n t  f o r  c lose up photo- 

graphy and most were s i t u a t e d  a t  wallow edges o r  i n  shor t  grass  c l ea r ings  

with good v i s i b i l i t y .  I b u i l t  s eve ra l  machans in some c lear ings ,  and used 

t h e  one which was downwind o f  t h e  c l ea r ing  on any p a r t i c u l a r  occasion. 

Observation d i s t ances  from machans var ied  from l e s s  than one metre t o  over  

600 metres. 

Observations were aided by t h e  use o f  9 X 40 o r  7 x 50 b inoculars .  I 

used a 22 X 60 te lescope  on a t r i p o d  in open areas  and from the  high machans. 

A Rank image-intensifying device w a s  found inva luab le  a t  n i g h t  i n  open 

a r e a s ,  and was sometimes used in conjunction wi th  an e l e c t r i c  to rch  i n  the  

absence of  s t a r l i g h t  o r  moonlight. 

Table 2 . 1  shows t h e  number of  s igh t ings  o f  rhinos and the  number o f  

rh ino  hours o f  observat ion made on foo t ,  from machans, from elephant  back 

and from camp, c a r s ,  a i r c r a f t  o r  boa ts .  Although t h e  number of s igh t ings  

made on f o o t ,  from e lephant  back and from machans a r e  roughly equal ,  60% 

of t h e  rhino hours o f  observat ion were made from machans, 28% on foot  and 

only 9% from elephant  back. The average nunher o f  hours of  observat ion p e r  



Table 2.1. Rhino sightings cZassified according to 
observation methods. 

s i g h t i n g  f o r  each observat ion method i s  a l s o  shown in  Table 2 .l. Obser- 

va t ions  from camp account f o r  most of  t h e  o t h e r  methods. Whenever rh inos  

walked p a s t  my camp - usua l ly  a t  n igh t  - I followed them f o r  a s  long a s  

poss ib l e .  A few observat ions were made from a i r c r a f t ,  cars,  dug-out canoes 

and a rubber dinghy. 

The durat ion of  observat ions v a r i e d  from b r i e f  glimpses o f  a few 

seconds up t o  33 hours. I t  was d i f f i c u l t  t o  follow indiv idua l  rhinos f o r  

long per iods  without being detected.  When rh inos  de tec ted ,  my presence 

they  normally moved away immediately o r  remained a l e r t  and i n a c t i v e  f o r  

per iods  of  up t o  30 minutes before resuming t h e i r  previous a c t i v i t i e s  o r  

moving o f f .  Fig. 2.10 shows the  frequencies  o f  d i f f e r e n t  observat ion dur- 

a t i o n ~ .  I t  can be  seen t h a t  57% of  observa t ions  were 10 minutes o r  

s h o r t e r  i n  durat ion.  Most o f  t h e  long observa t ions  were made from high  

machans o r  a t  n i g h t  when rhinos came out i n t o  t h e  open and I could follow 

them more e a s i l y  from a d is tance .  

Observations were o f  two general types.  E i t h e r  I recorded inform- 

a t i o n  on the  ind iv idua l s  p re sen t ,  t he  time and t h e  p l ace ,  and moved on, o r  

Average nunber 
of hours of 
observation 
per s ight ing 

0.38 

0.99 

0.14 

0.38 

0.49 

Number of 
rhino hours of 
observation 

874 (28.0%) 

1873 (59.9%) 

281 ( 9 . 0 % )  

98 ( 3.1%) 

3126 

Observation 
method 

Foo t 

Machan 

Elephant 

Camp, car ,  
a i r c r a f t  
or  boat 

Total 

Nunber of 
sightings of 

rhinos 

2298 (35 .g%) 

1888 (29.5%) 

1949 (30 -4%) 

266 ( 4.24) 

640 1 



Duration of observation (rnins) 

Fig.  2.10. Frequency dis t ~ b u t i m  of the duratwns o f  rhino-obsemations, 

I observed and followed s e l e c t e d  ind iv idua ls  f o r  longer  per iods .  Standard 

information recorded f o r  each s i g h t i n g  included t h e  following: - 

(1) Date, t ime, l o c a t i o n ,  weather,  observat ion method and 

d i s t ance ,  wind s t r e n g t h  and d i r e c t i o n .  

(2) Age and s e x  o f  rhinos p re sen t  and t h e i r  i d e n t i t y  



o r  d i s t i ngu i sh ing  charac te rs  leading t o  i d e n t i f i c a t i o n  

(sex and age c l a s s i f i c a t i o n  and i d e n t i f i c a t i o n  methods a r e  

descr ibed i n  Sec t ions  3.1 and 3 - 2 )  . 

(3) I n i t i a l  a c t i v i t y  of  rhinos and a l l  subsequent a c t i v i t i e s  

with t imings and d e t a i l s  of  food p l a n t s  ea ten .  

(4) Deta i l s  o f  i n t e r a c t i o n s  between rh inos  and any behaviour  

a s soc i a t ed  w i t h  comunicat ion - mostly sounds and scen t  

marking. 

(5) Time o f  t h e  end of  t h e  observat ion,  i . e .  when e i t h e r  I o r  

t h e  rhino l e f t .  

During these  observat ion periods I gave p r i o r i t y  t o  recording s o c i a l  

behaviour ,  over  o t h e r  a c t i v i t i e s .  Thus , during observat ion periods from 

machans, I concentrated my a t t e n t i o n  on i n t e r a c t i o n s  between i n d i v i d u a l s  

and attempted t o  follow ind iv idua l s  which were cour t ing  . o r  f i g h t i n g , i f  

they passed out  o f  s i g h t  from t h e  machan. S imi l a r ly ,  when on foo t  o r  on 

elephant  back, I followed i n t e r a c t i n g  ind iv idua l s .  If  I heard obvious 

sounds of rhinos f i g h t i n g ,  I hu r r i ed  i n  t he  d i r ec t ion  of t h e  f i g h t  t o  t r y  

t o  f i n d  out  what was happening. 

Cer ta in  i nd iv idua l s  were s e l e c t e d  f o r  more d e t a i l e d  s tudy on some 

occasions. Fur ther  d e t a i l s  o f  t h e  methods used and the  d a t a  c o l l e c t e d  

a r e  given a t  t he  beginnings of  Sec t ions  3 ,  4 and 5 .  I used a notebook 

and penc i l  t o  record da t a ,  and sometimes a tape- recorder  a t  n i g h t  i n  

machans. I t r ansc r ibed  t h e  da ta  i n t o  a l a rge  notebook and e labora ted  on 

some o f  t he  d e t a i l s  as soon as poss ib le  a f t e r  r e tu rn ing  from the  f i e l d .  

Observations were en tered  under the day on which they  were made. Standard 

information on t ime, l oca t ion ,  sex,  age and i d e n t i t y  was duplicated on 

cards.  Summaries and references t o  t h e  notebooks were entered under t h e  

behavioural  and feeding  headings, and t h e  cards thus  provided a method o f  



indexing t h e  notebooks and were used l a t e r  i n  t he  ana lys i s  o f  t h e  d a t a .  

2.3.1 D i s t r ibu t ion  o f  searching e f f o r t  and observat ion time 

There was enormous v a r i a t i o n  in  v i s i b i l i t y  over  t h e  study a r e a  and 

throughout t h e  y e a r  due t o  t h e  seasonal  changes i n  vegetat ion descr ibed 

i n  Sect ion 2 . 1 .  I spen t  longer  i n  the  p l aces  which I had l e a r n t  were good 

f o r  f ind ing  and watching rh inos  at a  p a r t i c u l a r  t ime of  t h e  day and the  

year .  I v i s i t e d  t h e  l e s s  good a reas  r e g u l a r l y  bu t  l e s s  f r equen t ly ,  be- 

cause i t  w a s  more p r o f i t a b l e  t o  c o l l e c t  information by watching rhinos 

than t o  s i t  i n  a reas  where I saw very few rh inos , in  o r d e r  s o l e l y  t o  

d i s t r i b u t e  my searching  t ime equal ly  around t h e  s tudy a rea .  Figs.  2.11, 

2 . 1 2  and 2.13 show t h e  percentages of searching  o r  f i e l d  time (n = 6,!392 

hours)  and the  percentages o f  observat ion time (n = 3$26 rhino hours ,  

which corresponded t o  1182 man hours) i n  each h a b i t a t  type ,  month and 

time of t h e  day f o r  t h e  whole study per iod .  ?here i s  considerable  v a r i -  

a t i o n  between d i f f e r e n t  months, hoursof t h e  day and h a b i t a t  types .  I 

expla in  i n  t he  r e l evan t  s e c t i o n s  how I overcame t h e  e f f e c t s  o f  d i f f e r -  

ences i n  t he  d i s t r i b u t i o n s  of  searching e f f o r t  and observat ion time. 

Tall Short Tals Riverine Sal Scrub Fields 
grassland grassland forest forest 

F i g .  2.11. The d i s t r i b u t i a  of searching t h e  a d  rhino-observatia 
t h e  over the rnqior habitat types. 
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F i g .  2.12. The d is  t r i b u t i m  of searching tC e and rhino-observation 
t h e  according t o  the t h e  of year. 

% of seathing time 

of D b ~ ~ t i o n  time 

Nepal standard time 

Fig. 2.13.  The distr ibut irn of searching time and rhino-observation 
time according to  the time of d q .  



2.3.2 Reactions of  rh inos  t o  observers  

Disturbance o f  rhinos by t h e  observer  o f t en  reduced t h e  durat ion o f  

observationsand a f f e c t e d  t h e  behaviour of  t h e  rh inos  i n  var ious  ways. 

Rhinos reac ted  t o  t h e  observer  i n  some way on 3 8 h f  t h e  6,323 obser- 

va t ions  made on foo t ,  from e lephant  back o r  from a machan o r  camp. A l -  

though t h e r e  were an enormous v a r i e t y  o f  r e a c t i o n s  t o  dis turbance,  I have 

summarized them i n  e igh t  main ca tegor ies  : - 

1. S i l e n t  a l e r t  (n = 53) 

'Ihe rh ino  s tood s t i l l  and s i l e n t  f o r  s eve ra l  minutes,  a f t e r  an i n i t i a l  

s n o r t  on a few occasions (n = 14).  

2. Turn i n  alarm (n = 84) ( P l a t e  7)  

The rh ino  suddenly s t a r t e d  o r  tu rned  i n  alarm and then s tood  in the  

same p lace .  

3 .  Sudden f l i g h t  (n = 1,185) (P l a t e  8) 

Sudden f l i g h t  away from t h e  observer ,  sometimes accompanied by sounds 

such as  s n o r t s ,  honks and humphs (descr ibed  i n  Sect ion 5.3.1). 

4 .  Charge (n = 117) ( P l a t e  9) 

?he rh ino  suddenly charged head down towards t h e  observer.  I t  

u s u a l l y  veered o f f  t o  one s i d e  at t h e  l a s t  moment, o r  stopped and 

turned  round before  running o f f .  I t  sometimes stopped again a sho r t  

way o f f  t o  look back (n = 10) o r  t o  walk (n = 13) .  

5 .  Curious advance (n = 122) 

?he rh ino  advanced i n q u i s i t i v e l y  towards t h e  observer ,  o f t en  s n i f f i n g  

t h e  ground and t h e  a i r .  Afterwards it normally ran o r  walked away 

(n = 96) o r  s t ayed  very c lose  and would n o t  move away (n = 26) .  

6. Run and look back (n = 197) 

A h e s i t a n t  f l i g h t  o f t e n  preceded by a long look a t  t he  observer 



and broken by repeated pauses i n  which t h e  rhino turned  t o  look 

back towards t h e  observer .  Ihe rh ino  sno r t ed  occas iona l ly  and 

went on again i n  s h o r t  b u r s t s  of  t r o t t i n g .  

7 .  Walk away (n = 520) 

A q u i e t  b u t  quick walk away from t h e  observer ,  o f t en  preceded by 

a long look a t  him. 

8. Ignore observer  (n = 102) 

The rh ino  continued i ts  previous a c t i v i t i e s ,  apparent ly unconcerned 

about t he  presence o f  t h e  observer.  I t  w a s  c l e a r  from i t s  i n i t i a l  

b r i e f  glance towards me t h a t  t h e  rhino had de tec ted  my presence. 

'Ihe above c l a s s i f i c a t i o n  of r eac t ions  is  i n e v i t a b l y  incomplete,and 

many combinations o f  two types of r eac t ion  have been c l a s s i f i e d  under t h e i r  

u l t ima te  component. 'Ihus, s i l e n t  a l e r t n e s s  and sudden tu rns  i n  alarm o f t e n  

preceded t h e  o t h e r  r eac t ions :  t he  only r eac t ions  c l a s s i f i e d  in  t hese  two 

ca t egor i e s  a r e  t hose  which d id  not  inc lude  any o t h e r  components. 

Table 2.2 shows t h e  frequency o f  de tec t ion  o f  t he  observer  by rh inos  

f o r  t h e  various methods o f  observation and a l s o  t h e  frequency o f  t h e  e i g h t  

types  o f  r eac t ion  t o  t h e  de tec t ion  o f  t h e  observer .  There were s i g n i f i c a n t  

d i f f e r ences  between t h e  observation methods i n  t h e  number of  t imes t h e  

observer  was de tec ted  by rhinos.  The de t ec t ion  r a t e  w a s  lowest i n  machans 

and h ighes t  on e lephant  (X2 = 854.2 p < 0.001).  There were a l s o  s i g n i -  

f i c a n t  d i f f e r ences  i n  t he  types of  r eac t ions  t o  t h e  observer  (X2 = 32.8 

p < 0.01) ; f o r  example, t he  g r e a t e r  tendency t o  sudden f l i g h t  from an 

observer  on elephant  back than from one on foot  o r  i n  a  machan. 

There were cons i s t en t  ind iv idua l  and sex  and age d i f fe rences  i n  t h e  

r eac t ions  o f  rh inos  t o  observers .  I was eventua l ly  able  t o  p r e d i c t  t h e  

reac t ion  of d i f f e r e n t  rhinos t o  my presence and ad jus t  my observat ion 

d is tance  accordingly. Table 2 .3  shows t h e  nun&ers o f  reac t ions  of  t h e  



Table 2.2. Reactions of rhinos to  the observer for di f ferent  
observation methods. 

Overall  X 2  = 32.8 p 0.01 

Observation method 

Reaction type 

S i l e n t  a l e r t  

Turn i n  alarm 

Sudden f l i g h t  

Charge 

Curious advance 

Run and look back 

Walk away 

Ignore observer 

Number o f  
observations when 
observer detected 

% of t o t a l  
observations 

??able 2.3.  Reactions of rhinos t o  the  observer, c lass i f ied  
according t o  the rhinos ' sex and age classes. 

Number o f  observat ions  

Elephant 

34 ( 2.9%) 

40 ( 3.4%) 

581 (49.4%) 

58 ( 4.9%) 

SS ( 4.7%) 

103 ( 8.8%) 

254 (21.6%) 

SO ( 4.3%) 

11 75 

60.3 

Class  

Reaction type 

S i l e n t  a l e r t  

Turn i n  alarm 

Sudden f l i g h t  

Charge 

Curious advance 

Run and look back 

Walk away 

Ignore observer  

Nunber o f  
observa t ions  when 
observer  de tec ted  

% of  t o t a l  
observat ions 

Foot 

l 0  ( 1.1%) 

31 ( 3.5%) 

470 (53.3%) 

49 ( 5.6%) 

49 ( 5.6%) 

69 ( 7.8%) 

169 (19.2%) 

34 ( 3 . 9 % )  

881 

38.3 

N h e r  o f  observa t ions  

Machan/Camp 

9 ( 3.0%) 

13 ( 4.3%) 

134 (39.8%) 

l 0  ( 3.1%) 

18 ( 6.0%) 

25 ( 8.4%) 

97 (29.9%) 

l 8  ( 5 . 5 % )  

324 

15.6 

Total  

5 0 

8 3 

1088 

115 

119 

184 

505 

102 

2246 

39.4 

Total  

5 3 

8 4 

1185 

117 

122 

197 

520 

102 

2380 

37.6 

C 

14 ( 2.3%) 

28 ( 4.7%) 

309 (51.4%) 

13 ( 2.2%) 

29 ( 4.8%) 

48 ( 8.0%) 

151 (25.1%) 

9 ( 1.5%) 

601 

38.1 

~b 

12 ( 3.7%) 

10 ( 3.2%) 

81 (25.0%) 

19 ( 5 .g%) 

40 (12 .S%) 

12 ( 3.7%) 

78 (24.0%) 

71 (22.0%) 

323 

38.5 

AQ 

17 ( 2 . 4 % )  

29 ( 4.1%) 

310 (44.0%) 

77 ( l0 .8%) 

35 ( 5.0%) 

54 ( 7.7%) 

169 (24.0%) 

14 ( 2.0%) 

705 

37 ,8  

S 

7 ( 1.1%) 

16 ( 2.6%) 

388 (62.91) 

6 ( 1 .O%) 

l5  ( 2.4%) 

70 (11.3%) 

107 (17.4%) 

8 ( 1.3%) 

617 

43.5 



d i f f e r e n t  types by rhinos of  each of  f o u r  age and sex c lasses .  ( I  

descr ibe i n  Sec t ion  3.1 how I determined t h e  s e x  and age o f  rhinos.)  

Sub-adults de tec ted  t h e  observer  more than  a d u l t s  d id  ( x ~  = 11.7 

p < 0.001). Sub-adults a l s o  took t o  sudden f l i g h t  and repeated running and 

looking back s i g n i f i c a n t l y  more f r equen t ly  than adu l t s .  Calves ran away 

more than adul t  females did: the l a t t e r  tended t o  charge towards t h e  

observer  more than any o t h e r  c l a s se s  did. Adult females a l s o  ran away 

more frequentljr  than a d u l t  males which were more curious,  and o f t e n  

walked up t o  t h e  observer  o r  ignored him completely. In genera l ,  young 

animals displayed a g r e a t e r  tendency t o  f l e e  than d id  o l d e r  animals,  

p a r t i c u l a r l y  males. 'Ihis tendency was a l s o  noted  i n  a g o n i s t i c  i n t e r -  

ac t ions  between rhinos (descr ibed i n  Sec t ion  5.4.2). 

2 .4  Summary 

1. The s tudy was c a r r i e d  out i n  and around the  Royal Chitawan National  

Park i n  t t ~ c :  lower h a l f  o f  t h e  Chitawan Valley o f  southern Nepal. The 

cl imate i:; nonsoonal with a mean annual r a i n f a l l  (1973-1975) o f  2,400 

rm, 92% of  which f a l l s  between May and Septenber. 

2 .  Most of t h e  v a l l e y  f l o o r  i s  under c u l t i v a t i o n .  The h i l l s i d e s  a r e  

f o r e s t e d  with deciduous o r  semi-deciduous t r e e  spec i e s ,  e.g.  sal 

(Shorea m b u s t a ) ,  and t h e  low-lying a r e a s  along t h e  r i v e r s  i n  t h e  

National Park a r e  a mosaic o f  r i v e r i n e  f o r e s t  types and t a l l  grass -  

lands up t o  e i g h t  metres i n  h e i g h t .  There a r e  rap id  and very marked 

seasonal  changes i n  climate and vegetat ion.  

3. F i r e s ,  annual f loods and frequent  changes i n  r iver-courses  maintain a 

high d i v e r s i t y  o f  e a r l y  successional  vege ta t ion  s t ages  on the  v a l l e y  

f l o o r .  The a c t i v i t i e s  of man and h i s  domestic s tock increase  the  

h a b i t a t  d i v e r s i t y  where the  park meets t h e  c u l t i v a t e d  a r e a s ,  bu t  t h e  



presen t  f o r e s t  and grass land  h a b i t a t s  a r e  probably s i m i l a r  t o  t hose  

i n  which the Indian rh ino  evolved. 

4 .  In addi t ion  t o  t he  Indian rh ino ,  t h e  l a rge  mammal fauna of t h e  park 

includes fou r  spec i e s  of deer ,  wild p i g ,  gaur ,  t i g e r ,  leopard and 

s l o t h  b e a r .  

5. The t a l l  grasslands and dense woodlands o f  Chitawan made observat ions 

d i f f i c u l t .  'No areas  were s e l e c t e d  f o r  i n t e n s i v e  s tudy ,  and rh inos  

were observed on f o o t ,  from elephant  back and from machans. Rhinos 

were seen on 6,401 occasions and watched f o r  a t o t a l  o f  3,126 rh ino  

hours (1,182 man hours) . 
6 .  Rhinos reac ted  t o  t h e  presence of the  observer  on 38% of  occasions. 

There were e i g h t  main types o f  response t o  d is turbance  b u t  t h e  most 

f requent  was r ap id  f l i g h t .  



3. POPULATION 

blethods 

3.1 Indiv idua l  i d e n t i f i c a t i o n  

I  needed t o  be ab l e  t o  i d e n t i f y  i nd iv idua l  rh inos  i n  o rde r  t o  e s t ima te  

t h e  numbers i n  the  populat ion and t o  study t h e  movements and behaviour of  

i nd iv idua l s .  

With experience,  i t  can be seen t h a t  i nd iv idua l  rhinos vary consider-  

ab ly  i n  t h e i r  appearance. The most obvious d i f f e r ences  between i n d i v i d u a l s  

a r e  i n  t he  cha rac t e r s  l i s t e d  and descr ibed  below. 

(1) Arrangement o f  sk in  fo lds .  

(2 )  I r r e g u l a r i t i e s  i n  sk in  fo lds .  

(3) Sca r s .  

(4)  Arrangement o f  t ube rc l e s  on the  rump. 

(5) Ear n icks .  

( 6 )  Ta i l  length.  

( 7 )  Horn length and shape. 

The arrangement of t h e  skin fo lds  was used t o  c l a s s i f y  i nd iv idua l s  

i n t o  a number of d i s t i n c t i v e  types.  F ig .  3.1 shows t h e  main s k i n  f o l d s  

and t h e  names given t o  them. The shoulder - fo ld  i n  a  few ind iv idua l s  ex- 

tends  across  t h e  back of  t h e  neck j u s t  a n t e r i o r  t o  t h e  f ron t  c ros s - fo ld .  

The 'prongs '  on the  shoulder-fold vary i n  number and length and a r e  some- 

times absent a l t oge the r .  The neck-folds a l s o  vary i n  number. The lower 

corner-folds  a r e  absent  i n  young animals and t h e i r  arrangement on t h e  rump 

v a r i e s  between ind iv idua l s .  The na tu re  o f  t h e  junction o f  t he  corner - fo lds  

and t h e  r e a r  c ros s - fo lds  a l s o  v a r i e s ,  and i n  some cases t h e  r e a r  c ros s - fo ld  

i s  s p l i t  above t h e  corner-fold.  

Rhinos commonly develop bumps and i r r e g u l a r i t i e s  on t h e  fo lds  as they  

grow o l d e r  ( P l a t e  10) .  Some of t hese  r e s u l t  from wounds,but .many s s ~ m  t o  
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P:  Prong B: Bib 

F i g .  3.1. Out Zine drawing used t o  record identifying 
features of rhinos i n  the field. 

grow spontaneously. The most common p o s i t i o n s  f o r  t hese  bumps a r e  on t h e  

c ross - fo lds ;  p a r t i c u l a r l y  on the  r e a r  c ross - fo lds  n e a r  t h e  corner - fo lds .  

One cow had such a  long pendulous bump on h e r  r e a r  l e f t  cross-  f o l d  t h a t  i t  

bounced up and down a s  she walked. None o f  t h e s e  bumps changed appreciably 

i n  appearance during t h e  s tudy  period.  

Other marks appear on t h e  sk in  during a  r h i n o ' s  l i f e .  Scars  from o l d  

wounds make up the  bulk o f  t hese ,bu t  t he re  a r e  a l s o  r a i s e d  a reas  n e a r  t h e  



f o l d s ,  s i m i l a r  t o  those  described f o r  t h e  f o l d s  themselves. The t u b e r c l e s  

on t h e  sk in  a r e  a l s o  arranged i n  i n d i v i d u a l l y  d i s t i n c t i v e  p a t t e r n s ,  b u t  

t hese  a r e  o f t en  obscured by m d  and were only use fu l  a t  c lose  range. I 

used t u b e r c l e  p a t t e r n s  mainly t o  d i s t i n g u i s h  between young animals which 

had not developed ind iv idua l ly  d i s t i n c t i v e  f o l d  p a t t e r n s ,  horn and e a r  

shapes. 

Horns, e a r s  and ta i ls  vary considerably i n  length and shape i n  o l d e r  

animals. For horns ,  t he  r ings  and grooves i n  the  su r f ace ,  t he  degree o f  

curva ture  and t h e  length  a r e  the most d i s t i n c t i v e  f ea tu re s .  Ears acqu i r e  

n i cks ,  t h e  s i z e s ,  shapes and pos i t i ons  of which a r e  i nd iv idua l ly  d i s t i n c t -  

i v e .  The same is  t r u e  of t a i l s :  i t  was q u i t e  common t o  s e e  i n d i v i d u a l s  

which had l o s t  p a r t s  of t h e i r  t a i l s .  In add i t i on  t o  those f e a t u r e s  des- 

c r ibed  above, t h e r e  were l e s s  def inable  c h a r a c t e r i s t i c s  such as t h e  

d i s t ance  between t h e  e a r s ,  and t h e  general  shape of t he  head, which, wi th  

p r a c t i c e ,  were a l s o  r e l i a b l e  i d e n t i f i c a t i o n  marks. 

I t  was important t o  record seve ra l  i d e n t i f y i n g  f ea tu re s  f o r  each 

ind iv idua l .  This reduced the  chance of f ind ing  two rhinos wi th  t h e  same 

recorded f e a t u r e s ,  and a l s o  enabled me t o  i d e n t i f y  each ind iv idua l  from 

seve ra l  angles .  In t h i ck  vegetat ion I o f ten  caught only a glimpse o f  a 

rhino,  bu t  was neve r the l e s s  able  t o  i d e n t i f y  i t  i f  I knew t h e  charac te r -  

i s t i c s  of  i t s  two f l anks ,  rump, f o l d s ,  horn and ea r s .  ?here were two 

rhinos which I could i d e n t i f y  without  even see ing  them, a s  they had i n -  

d iv idua l  l y  d i s t i n c t i v e  voca l i s a t ions .  

I t r i e d  t o  take  photographs of each ind iv idua l  t o  show i t s  i d e n t i -  

fy ing  f e a t u r e s .  However, photography was o f t e n  imprac t i ca l ,  e s p e c i a l l y  

i n  t a l l  g r a s s  a r eas  o r  at n igh t ;  although I d i d  obta in  some good i d e n t i -  

f i c a t i o n  photographs with the  image i n t e n s i f i e r  on moonlit n i g h t s  ( P l a t e  

11 ) .  These photographs were supplemented by drawings and desc r ip t ions  

of each i n d i v i d u a l ' s  i d e n t i f i c a t i o n  marks. I used ou t l i ne  drawings o f  



t h e  f r o n t ,  r e a r  and s i d e  views of rhinos (Fig.  3.1) t o  record each 

i n d i v i d u a l ' s  f ea tu re s  i n  t he  f i e l d .  I d e n t i f i c a t i o n  cards were made l a t e r  

f o r  each i d e n t i f i e d  ind iv idua l  (P l a t e  2 ) .  A l l  rhinos r e g i s t e r e d  i n  t h i s  

way were assigned a  number, and most were a l s o  given names suggest ive of 

t h e i r  main iden t i fy ing  f e a t u r e s .  A cha r t ,  e x t r a c t s  from which a r e  r e -  

produced i n  Fig. 3 . 2 ,  w a s  updated r egu la r ly  t o  show t h e  combinations o f  

cha rac t e r s  being used t o  i d e n t i f y  each i n d i v i d u a l .  Reference t o  t h i s  

c h a r t  helped me t o  d i s t i n g u i s h  between ind iv idua l s  which had some dupl i -  

ca ted  f ea tu re s .  

Br i e f  glimpses o f  a rh ino  were o f t en  i n s u f f i c i e n t  f o r  p o s i t i v e  iden- 

t i f i c a t i o n .  A l l  i d e n t i f y i n g  charac te rs  seen  on such occasions,  and the  

absence o f  marks from t h e  p a r t s  o f  t he  body seen ,  were recorded on cards  

wi th  an ' X '  p r e f i x  t o  t h e  number. In many cases  I l a t e r  matched up these  

ind iv idua l s  with previous ly  i d e n t i f i e d  i n d i v i d u a l s ,  o r  recognised them as 

new ind iv idua l s  when I  subsequent ly i d e n t i f i e d  them a t  a  l a t e r  da t e ,  under 

b e t t e r  observat ion condi t ions .  

I t  was more d i f f i c u l t  t o  i d e n t i f y  ca lves  and young animals,without 

c lo se  observat ion.  However, very young ca lves  were almost always with 

t h e i r  mothers,and t h e r e  w a s  no need t o  pay much a t t e n t i o n  t o  t h e i r  i nd i -  

v idua l  i den t i fy ing  f e a t u r e s .  I made a s p e c i a l  e f f o r t  t o  i d e n t i f y  o lde r  

ca lves  so t h a t  I could follow them a f t e r  they  l e f t  t h e i r  mothers. A s  t h e  

rh inos  grew o lde r ,  they gained more prominent marks which were use fu l  f o r  

i d e n t i f i c a t i o n .  With records  o f  s eve ra l  i d e n t i f y i n g  f e a t u r e s  f o r  each 

rh ino ,  I found i t  poss ib l e  t o  recognise newly acquired f e a t u r e s .  ?he 

cha r t  and i d e n t i t y  cards were duly updated i n  such cases  with new n o t e s ,  

photographs and drawings. 

As i t  was d i f f i c u l t  t o  i d e n t i f y  young animals,  I t r i e d  t o  mark some 

animals wi th  s e l f - a t t a c h i n g  c o l l a r s  of p l a s t i c  rope, s i m i l a r  t o  those  used 

on red dee r  i n  New Zealand by Taylor  (1969) . l l e s e  c o l l a r s  were s e t  up a s  
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snares  on rh ino  pa ths  i n  an a r ea  with a  p a r t i c u l a r l y  high dens i ty  o f  young 

animals which had l e f t  t h e i r  m t h e r s .  I took care  when designing t h e  c o l l a r s  
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t o  ensure t h a t  they  would not  s t a y  on long enough t o  endanger t he  l i f e  o f  

t h e  growing animals.  I t  proved d i f f i c u l t  t o  make the c o l l a r s  small  enough 

t o  s t a y  on y e t  s t i l l  e f f e c t i v e  i n  t h e i r  s e l f - a t t a c h i n g  mechanism; and a l -  

though seven ind iv idua l s  were marked with nunbered t ags  i n  t h i s  way, t hey  

a l l  l o s t  t h e i r  c o l l a r s  a f t e r  per iods o f  from one t o  e igh t  days. 

3.2 Sex and age c l a s s i f i c a t i o n  

3.2.1 Sex determinat ion 

I determined t h e  sex of  rhinos by observat ion of 

(a) ex t e rna l  g e n i t a l i a  

(b) body-size and the shape o f  t h e  head, horn and neck f o l d s  

(c) u r i n a t i o n  

(d) accompanying calves 

(e) mammary glands. 

Sex determination was easy during long observa t ions  i n  the open, b u t  it 

was o f t en  d i f f i c u l t  during shor t  observa t ions  i n  dense vegeta t ion ,  

e s p e c i a l l y  o f  young animals.  From t h e  ex te rna l  g e n i t a l i a ,  it was e a s i e r  

t o  be  s u r e  of a p o s i t i v e  determination f o r  males than f o r  females. ?he 

penis  of  a  rhino i s  c l e a r l y  v i s i b l e  from t h e  s i d e  o r  from behind,  espec- 

i a l l y  when the  rh ino  i s  walking. The female g e n i t a l i a  need c l o s e r  exam- 

i n a t i o n  and a r e  only v i s i b l e  from t h e  r e a r .  Thus t h e r e  i s  l i a b l e  t o  be 

a  b i a s  towards males i n  t h e  sex c l a s s i f i c a t i o n  of young rh inos  (d iscussed  

i n  Sect ion 3.6.1) .  m e r e  i s  no such b i a s  i n  the  sex  c l a s s i f i c a t i o n  o f  

a d u l t s ,  because they  a r e  sexual ly  dimorphic i n  body s i z e  and i n  t h e  shape 

of  t h e  head, horn and neck fo lds .  Adult males a r e  l a r g e r  i n  s t a t u r e  and 

bulk than adu l t  females (see Sect ion 3.2.2).  ?he horn i s  usua l ly  wider  

a t  t he  base i n  males than i n  females, and i s  more of ten  broken o f f  o r  worn 

down by rubbing on t r e e s  and bushes. Adult males a l s o  d i f f e r ' f r o m  adu l t  



females i n  having more deeply folded s k i n  around t h e  neck and a  b igge r  

' b i b '  beneath t h e  ch in  ( P l a t e s  1 2  and 13) .  

Observation of u r i n a t i o n  provided a  very good determination o f  t h e  

sex o f  an ind iv idua l  and was e s p e c i a l l y  u se fu l  i n  young animals which had 

not  developed markedly sexual ly  dimorphic cha rac t e r s .  I t  was a l s o  usefu l  

at long d i s t ances  and a t  n i g h t  ( see  P l a t e  14).  Di rec t  observation of  t he  

mammary glands was use fu l  on a few occasions i n  the  cases of young preg- 

nant  females o r  females which had r ecen t ly  given b i r t h .  

Eventual ly,  a f t e r  repea ted  s i g h t i n g s  of t h e  r e g i s t e r e d  ind iv idua l s  

I w a s  ab l e  t o  determine t h e  sex  of  a l l  the  a d u l t s  and sub-adul ts  and a l l  

b u t  16 of t he  ca lves .  Therefore,  among t h e  r e g i s t e r e d  ind iv idua l s  t h e r e  

is  l i t t l e  b i a s  i n  sex  c l a s s i f i c a t i o n ;  bu t  t h e r e  i s  some b i a s  towards f e -  

males i n  t he  sex c l a s s i f i c a t i o n  of  s igh t ings  o f  un reg i s t e r ed  a d u l t s .  This  

is  because adu l t  females have an add i t i ona l  s ex - ind ica t ing  charac te r ,  p a r t -  

i c u l a r l y  u se fu l  during b r i e f  o r  long d is tance  observa t ions ,  i n  having 

accompanying calves.  

I divided calves i n t o  f o u r  age c l a s s e s  by e s t ima t ing  t h e i r  he ights  

and areas  i n  s i d e  view i n  r e l a t i o n  t o  t h a t  o f  t h e i r  mothers, and t h e  

development o f  t h e i r  horns.  When poss ib l e ,  measurements of  t h e  r e l a t i v e  

shoulder-heights  and body-lengths were made on photographs of  cows and 

ca lves  n e a r  each o t h e r  - s i d e  by s i d e  o r  one behind t h e  o t h e r  (e .g .  Pla t e s  

15 and 16) .  Table 3.1 shows t h e  fou r  age c l a s s e s  of calves and the  age i n  

years  t o  which they were found t o  correspond approximately. 

Rhinos of var ious ages were measured photographica l ly .  A rh ino  i n  

t he  open was photographed; when i t  had moved o f f  a  second photograph was 

taken,  from exac t ly  t h e  same p o s i t i o n ,  of  a c a l i b r a t e d  pole  placed i n  t h e  

f o r e f o o t - p r i n t  of t he  rh ino  (shown i n  P l a t e s  17 and 18) .  With a  t r i p o d  



T a b k  3 .1 .  The age cZassificatim of caZves. 

A1 l measurements are approximate. 

f o r  the  camera and a s t and  t o  support t h e  po le ,  t he  whole operat ion could 

be done single-handed; on o t h e r  occasions an a s s i s t a n t  helped by t a k i n g  

t h e  pole  t o  t h e  f o o t p r i n t .  I a l s o  measured rh inos  by watching f o r  branches 

which they j u s t  managed t o  pass beneath,and then  measuring t h e  he igh t  o f  

t h e  branch above t h e  ground. The a c t u a l  he igh t s  of t h e  fou r  age c l a s s e s  o f  

rhino c a l f  a r e  shown i n  Table 3.1. 

Af t e r  calves had l e f t  t h e i r  mothers t hey  were c lassed  as one o f  two 

age c l a s se s  of  sub-adul t s .  Class 5 animals range i n  age from j u s t  under 

t h r e e  t o  over f i v e  years .  Their  horns a r e  l e s s  than 11 cms long (perpen- 

d i c u l a r  measurement from t i p  t o  base ) ,  and they  have very few cu t s  i n  t h e  

e a r s  o r  s k i n ,  o r  prominent i r r e g u l a r i t i e s  i n  t h e  fo lds .  The neck-folds  

a r e  small  and t h e  b ib  does not  pro t rude  below the  l eve l  of  t h e  ch in  ( see  

P l a t e  19) .  Shoulder-height is genera l ly  between 135 and 145 cms (Table  

3 .2 )  . 

Table 3.2. The age cZassification of sub-a&Zts. 

Side view area 
as a proportion 

o f  mother's 

1 1  
4 -  4 
1 2  
13 - 13 

3 4 
1 4 -  'S 

height (ems) 

60 - 100 

100 - 120 

120 - l35 

> 135 

Age class 

1 

2 

3 

4 

Horn length 
(-1 

0 - 2  

2 - 5  

5 - 8  

> 8 

Age (years) 

0 - 1  

1 - 2  

2 - 3  

> 3 

A1 l measurements are approximate. 

Age 

5 

6 

Age (years) 

3 - 5  

5 - 9  
(according 

t o  sex)  

Shoulder 
height 

135 - 145 

145 - 155 

Horn length 
(m) 

8 -  10 

8 - 1 8  

Neck f o l d s  
and b i b  

Very s l i g h t  

More 
pronounced 



Class  6 includes a l l  o t h e r  sub-adul t s .  They a r e  s l i g h t l y  b i g g e r  - 

up t o  155 crns at t h e  shoulder  - and a r e  d i s t i ngu i shab le  fmm adu l t s  

(Class  7) by t h e i r  l e s s e r  h e i g h t ,  t h e  shal lower fo ld ing  around t h e  neck, 

and s h o r t e r  horns which r a r e l y  exceed 18 cms (Table 3.2 and P la t e  20) .  

Adults measured i n  Chitawan ranged i n  he ight  from 160-183 crns (females,  

160-170 crns; males, 170-183 cms) , and t h e i r  horns measured up t o  45 cms (see 

Appendix M ) .  Some adu l t  females were undoubtedly s h o r t e r  than 160 cms a t  

t he  shoulder  and would have been c lassed  a s  sub-adul t s  if they had n o t  had 

accompanying calves.  Those with accompanying ca lves  were defined as 

a d u l t s ,  which i s  l i a b l e  t o  cause a  b i a s  towards males i n  t he  sex  r a t i o  o f  

sub-adul t s  (discussed i n  Sec t ion  3 .6 .2) .  

I measured a l l  dead rh inos  which were found, and recorded d e t a i l s  o f  

t h e i r  d e n t i t i o n  (Laurie, unpbl .  d a t a )  . Also, when p o s s i b l e ,  I co l l ec t ed  

t h e  lower i n c i s o r s  (shown i n  P l a t e  21) and l a t e r  s ec t ioned  them longi- 

t u d i n a l l y  with a  diamond saw for  microscopic examination o f  t h e  cementum 

and dent ine  l aye r s .  I found very d i s t i n c t  incremental l i n e s  i n  both t h e  

cementum and the  dent ine ,  although they were more d i s t i n c t  i n  t he  cementum 

( r e s u l t s  i n  Sect ion 3.8.2).  Viewing of t h e  s e c t i o n s  i n  polystyrene d i shes  

with p o l a r i s e d  l i g h t  produced b i r e f r ingence  p a t t e r n s  t h a t  helped i n  d i s -  

t i ngu i sh ing  the  l i n e s .  S i m i l a r  l i n e s  have been used t o  age many mammals 

i n  seasonal  environments, e.g. s e a l s  (Laws, 1952) , r e indee r  (Reimers and 

Nordby, 1968) and b u f f a l o  (Grimsdell ,  1973; S i n c l a i r ,  1977) . 

3 . 3  Determination o f  populat ion s i z e  

3.3.1 Reg i s t r a t i on  o f  i nd iv idua l s  

An attempt was made t o  i d e n t i f y ,  r e g i s t e r  and count a l l  rhinos which 

used t h e  s tudy area .  Poss ib l e  e r r o r s  i n  t h i s  method o f  es t imat ing  t h e  

populat ion s i z e  inc lude  mistaken i d e n t i f i c a t i o n s  and incomplete r e g i s t r a t i o n .  



Mistaken i d e n t i f i c a t i o n s  could be of  two kinds.  A s i n g l e  ind iv idua l  

could be r e g i s t e r e d  as two o r  more d i f f e r e n t  i nd iv idua l s ,  o r  two o r  more 

ind iv idua l s  could b e  cons i s t en t ly  confused and recorded as t h e  same reg-  

i s t e r e d  ind iv idua l .  One would eventua l ly  expect t o  d e t e c t  such mistakes 

by f inding impossible o r  un l ike ly  movements i nd ica t ed  i n  the loca t ion  

records f o r  each ind iv idua l .  Furthermore, i n  t h e  event o f  t h e  f i r s t  t ype  

of mistake, one could f i n d  t h a t  a  r e g i s t e r e d  ind iv idua l ,  seen c o n s i s t e n t l y  

f o r  p a r t  o f  t h e  s tudy  per iod ,  ' disappeared'  and was ' rep laced '  i n  t h e  

records by a  s i m i l a r l y  marked ind iv idua l .  I e l imina ted  p o s s i b i l i t i e s  o f  

mistaken i d e n t i f i c a t i o n s  by r egu la r ly  checking t h e  char t  o f  r e g i s t e r e d  

ind iv idua l s  (Fig. 3.2) . 
To demonstrate t h a t  most of t h e  ind iv idua l s  which used t h e  s tudy 

a reas  were r e g i s t e r e d ,  t h e  r a t i o  o f  t h e  number of new indiv idua ls  r e g i s -  

t e r e d  t o  t h e  t o t a l  number of  i nd iv idua l s  seen i s  p l o t t e d  i n  Fig. 3.3 f o r  

each month o f  t h e  s tudy per iod .  Months were chosen as t h e  u n i t  o f  time 

f o r  t h i s  and l a t e r  ana lys i s  because they a r e  of  a  convenient length - long 

enough f o r  t he  numbers of i nd iv idua l s  seen t o  be  l i t t l e  a f f ec t ed  by a few 

days p e r  u n i t  spen t  away from the  a rea ,  and s h o r t  enough t o  demonstrate 

changes through t h e  study period.  Months a r e  p a r t i c u l a r l y  s u i t a b  l e  u n i t s  

because they inc lude  a complete lunar  cycle: many o f  t he  ind iv idua l s  could 

only be seen on moonlit n igh t s  along open r i v e r  beds i n  a reas  where i t  was 

almost impossible t o  f i n d  them during t h e  day due t o  t h e  th ickness  o f  t h e  

vegetat ion . 
The t o t a l  number of ind iv idua ls  seen p e r  month i n  Sauraha, shown i n  

Fig. 3.4,  d i d  not dec l ine ,  whereas t he  proport ion o f  new ind iv idua l s  i n  t h e  

monthly t o t a l s  very quickly dropped t o  a  l eve l  o f  about 5% (Fig. 3 .3) .  A 

continuous low proport ion of new ind iv idua l s  would be  expected as a  r e s u l t  

o f  b i r t h s  which occurred during the  s tudy per iod .  Excluding a l l  calves 

born during t h e  s tudy per iod ,  t h e  r a t e  of i d e n t i f i c a t i o n  of new i n d i v i d u a l s  



F i g .  3.3.  The ra t io  of the nwnber of netl individuals registered t o  the 
to ta l  nwnber o f  individuals seen in each month. 
Dotted l ines indicate  no d&a for those months. 

f e l l  t o  zero,  a s  shown i n  Fig. 3.5 which i s  a  p l o t  of  t h e  cumulative t o t a l  

o f  i d e n t i f i e d  ind iv idua ls  f o r  each month o f  t h e  s tudy per iod  i n  each study 



F i g .  3 .4 .  The t o t a l  nmber of individuals sighted i n  each month. 

The per iods  of  increased  r a t e  o f  i d e n t i f i c a t i o n  of new ind iv idua l s  

corresponded t o  annual per iods of  i nc reased  v i s i b i l i t y  i n  February and 

March a f t e r  t h e  g ra s s  f i r e s ,  and t o  increased  coverage o f  t h e  western p a r t  

o f  t he  Sauraha s tudy a r e a  from November 1973 onwards. However, t h e  general  

t r e n d  o f  t h e  p l o t  i s  t o  l e v e l  o f f  with t ime.  A t  Sauraha t h e  inc reases  i n  

r a t e  of  i d e n t i f i c a t i o n  were l e s s  marked with each successive year  of t h e  
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Fig. 3.5. The armuZative to ta l  of ident i f ied individuals over time, 
excluding calves born during the study period. 

s tudy .  In the Tiger  Tops s tudy a rea ,  due t o  more time spent  i n  t he  a r e a  

i n  t h e  t h i r d  year ,  more new ind iv idua l s  were found t h e r e  than i n  t he  second 

year .  No new ind iv idua l s  were p o s i t i v e l y  i d e n t i f i e d  a f t e r  June 1975, a l -  

though 473 and 77 hours  were spen t  i n  the f i e l d  i n  t h e  Sauraha and Tiger  

Tops a reas  r e spec t ive ly  a f t e r  t h a t  month. Some sub-adul ts  i d e n t i f i e d  l a t e r  



i n  t h e  s tudy were probably r eg i s t e r ed  e a r l i e r  as u n i d e n t i f i e d  calves.  

This would be expected t o  increase  t h e  cumulative t o t a l  o f  i d e n t i f i e d  

ind iv idua l s ,  b u t  d e s p i t e  t h i s  b i a s  t h e  curve f l a t t e n s  out  f o r  both 

Sauraha and Tiger  Tops a reas  - an ind ica t ion  t h a t  I had i d e n t i f i e d '  almost 

a l l  t he  rhinos which were r e s iden t  f o r  apprec iab le  per iods i n  t h e  s tudy  

a reas .  

However, t h e r e  could be  o the r  explana t ions  f o r  the  l e v e l l i n g  o f  t h e  

curve i n  Fig. 3 . 5 .  For example, a  dec l ine  over  t h e  study per iod  i n  t h e  

time spent  searching  f o r  rhinos o r  i n  t he  nunhers o f  rhinos seen would 

have t h e  same e f f e c t .  In Fig. 3.4 it w a s  shown t h a t  t h e  decreased r a t e  

of r e g i s t r a t i o n  cannot be  explained by a  decreased r a t e  of  rh ino  s i g h t i n g s .  

Fig. 3 .6  shows t h e  cumulative time spent  i n  t h e  f i e l d  i n  each s tudy a r e a  

i n  each month. Together,  t h e s e  confirm t h a t  t h e  decrease i n  t h e  r a t e  o f  

i d e n t i f i c a t i o n  o f  new rh inos  i s  not  due t o  a  decrease i n  searching  e f f o r t  

i n  the rh ino  areas .  Although l i t t l e  time w a s  spent  i n  Chitawan a f t e r  J u l y  

1975 t h e  f a l l  o f f  i n  r e g i s t r a t i o n  r a t e  s t a r t e d  a  long time before  t h a t ,  

and it can be assumed t h a t  most of t h e  ind jv idua l s  i n  t he  populat ion were 

r eg i s t e r ed .  

3 .3 .2  Frequency of  s igns  and s i g h t i n g s  o f  rhinos 

I es t imated  t h e  populat ion s i z e  o f  the  s tudy areas  from t h e  t o t a l  

number o f  r e g i s t e r e d  ind iv idua ls  (Sect ion 3 . 3 .  l ) ,  b u t  I d i d  no t  spend long  

enough i n  ou t ly ing  areas  t o  be  ab le  t o  r e g i s t e r  a l l  t h e  i nd iv idua l s  p r e s e n t .  

Furthermore, because many of t h e s e  a r eas  were ou t s ide  t h e  park,  t h e  rh inos  

were more d i s tu rbed  by t h e  loca l  people and observat ions were more d i f f i c u l t .  

Therefore,  i n  t he  ou t ly ing  areas ,  I es t imated  the  rhino population s i z e  from 

the  frequency of s igns  and s igh t ings  during sho r t  survey t r i p s  o f  from two 

t o  ten  days dura t ion .  I made f ive  such t r i p s  t o  t he  Naryani I s lands  and 

Nawalpur by boa t ,  t h r e e  t o  Kuchkuchia and Ligligdomar ( the  Katar r eg ion ) ,  
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Fig. 3.6. The cwnulative to ta l  of  time spent searching for rhinos. 

two t o  t h e  Reu Valley and one t o  t h e  R a n i  Khola region n e a r  Gorua,at t h e  

base o f  t h e  Mahabharat Range (map i n  Fig. 2 .1 ) .  

I used a  conbination o f  t h r e e  d i f f e r e n t  methods t o  es t imate  t h e  

numbers of rh inos  i n  t h e  ou t ly ing  a reas .  S i x  rh inos  were i d e n t i f i e d  

i n d i v i d u a l l y  i n  these  a reas ,and  I a l s o  used a  form o f  i n d i r e c t  r e g i s t r a t i o n  

o f  i nd iv idua l s  from t h e i r  f o o t p r i n t  s i z e s .  'Zhis method, s i m i l a r  t o  t h a t  

used i n  Malaysia t o  census e lephants  (O l iv i e r ,  1978),  provided only a  

minimum es t ima te  o f  t h e  number o f  rh inos  which had v i s i t e d  t h e  a rea ;  I 

could n o t  d i s t i n g u i s h  between ind iv idua l s  with t h e  same s i z e  o f  f o o t p r i n t s  

un le s s ,  i n  t he  case o f  adu l t  females,  they had accompanying calves with 

d i f f e r e n t  s i z e d  f o o t p r i n t s .  



A l l  measurements were of t he  widths ' t h e  f o r e f o o t - p r i n t s  which, 

o f t e n  obscured by the  h i n d f o o t - o ~ i n t s .  a r e  s l i g h t l y  l a r g e r  than 

t h e  l a t t e r ,  and thus  could be expected t o  1 , e ?  i e r  t o  separa te  i n t o  s i z e  

c l a s se s .  The width o f  f o o t p r i n t s  va r i ed  consir 'crably with t h e  g a i t  o f  

t h e  rhino and t h e  na tu re  of  the ground su r f ace  - t h e  f e e t  of rhinos a r e  

p a r t i c u l a r l y  p l i a n t .  I neasured d i f f e r ences  o f  up t o  10 cms i n  t he  

widths of f o o t p r i n t s  o f  rh inos  t racked through wet and dry a reas .  Foot- 

p r i n t s  i n  some s u b s t r a t e s  shr ink with t ime and i n  o t h e r  s u b s t r a t e s  t hey  

grow l a r g e r  with time. I t he re fo re  measured only recent  f o o t p r i n t s  o f  

walking ind iv idua l s  i n  f i rm sand o r  mud, and recorded the  smal les t  o f  

f i v e  from the  same t r ack  (i.e. l i n e  o f  f o o t p r ~ n t s ) .  By allowing a margin 

o f  2 2 cms when d i s t i ngu i sh ing  between ind iv idua l s '  f o o t p r i n t  widths,  I 

was confident  t h a t  I was not  over-estimating the  nwnbers of  rhinos i n  any 

a rea .  

I c l a s s i f i e d  t h e  i n d i r e c t l y  r e g i s t e r e d  i n d i b ;  u a l s  a s  t o  age and 

sex by r e f e r r i n g  t o  r;v?a.- .,rsments of t h e  f o o t p r ~ ~ r i  i d ths  o f  rh inos  of  

known sex and age c l  :t;=cs i n  t h e  Sauraha s tudy a rea .  There was consider-  

ab le  overlap i n  f o o t p r i n t  s i z e  between adu l t  males and females, between 

sub-adul ts  and a d u l t  females, and between o l d e r  calves and sub-adul ts .  I 

t he re fo re  adopted the  simple c l a s s i f i c a t i o n  shown i n  Table 3 . 3 .  

Table 3 . 3 .  Sex and g e  classif ication o f  rhinos by 
footprint s i ze .  

Those with a calf  were assumed t o  be females. 

* n o s e  with m adult  were assumed t o  be calves. 

Width of forefoot p r in t  

> 3 0 c m s  

24 - 30 c m ~  

20 - 24 cms 

12 - 20 cpls 

Sex and age class 

Adult male 

t ~ d u  l t 

*Sub adult  o r  calf  

1 s t  o r  2nd year ca l f  



Fur ther  es t imates  o f  t h e  number of rh inos  us ing  each a rea  were made 

on the  b a s i s  of the  frequency o f  s igns  and s i g h t i n g s  o f  rh inos .  Signs 

included wallows, t r a c k s  (i.e. l i n e s  of f o o t p r i n t s ) ,  dung and feeding 

s i g n s .  Rhinos defecate  on communal dung-piles (descr ibed i n  Sec t ion  

5.3.2) which were easy t o  count a s  I walked through an a r e a ,  and I used 

t h e  frequency of dung-piles as an index of t h e  use of an a rea  by rhinos.  

I c a l i b r a t e d  t h i s  index by measuring t h e  frequency of dung-piles i n  t h e  

s tudy a r e a  where I knew t h e  populat ion s i z e  reasonably accura te ly .  Dung- 

p i l e s  a r e  encountered more commonly on rhino pa ths  (Sect ion 5.3.2) than 

off them, bu t  t h i s  d id  not b i a s  t he  frequencies  measured on t h e  survey 

t r i p s  because I walked approximately equal d i s t ances  on and o f f  rhino 

pa ths  a t  each p lace .  In t h e  c a l i b r a t i o n  counts i n  t h e  s tudy a reas ,  the  

r e s u l t s  o f  which a r e  shown i n  Table 3.4, I  measured t h e  frequencies  o f  

dung-pi les  on pa ths  and s t r a i g h t  l i n e  t r a n s e c t s  s e p a r a t e l y  and then took 

t h e  means of  t h e  two f requencies  f o r  each a rea .  

3.3.3 Aerial  counts 

\\!henever poss ib l e ,  I  took f l i g h t s  over t h e  s tudy areas  and t h e  su r -  

rounding regions i n  l i g h t  a i r c r a f t  (P i l a tu s  Po r t e r  and Cessna 206). I  

a t tempted a t o t a l  count of a l l  t h e  rhinos i n  t h e  c e n t r a l  p a r t  o f  t he  

Sauraha s tudy a rea  on s i x  occasions.  A l l  rhinos seen from the  a i r  were 

t a l l i e d  and,on t h r e e  occas ions , the  counts were compared with the  est imated 

number o f  rh inos  i n  t h e  a r e a  flown over.  The e s t ima te  was based on the  

number o f  i nd iv idua l s  seen i n  t h e  a r ea  over  t h e  previous e i g h t  days. 

3.3.4 Transect counts on elephant  back 

Most of  my elephant t r i p s  were along rou te s  chosen f o r  t he  high 

p r o b a b i l i t y  of meeting rhinos.  This  was t h e  b e s t  method f o r  i d e n t i f i c a t i o n  

and r e g i s t r a t i o n  o f  t h e  ind iv idua l s  i n  t he  a r ea .  A c i r c u i t  o f  a l l  t h e  



Table 3.4. The nwnbersof dung-piles comted per kiZometre. 

wallows i n  an a rea ,  f o r  ins tance ,  was much more productive'  i n  rhino s i g h t -  

i ngs  than random wandering i n  t he  t a l l  g rass .  However, I made seve ra l  

sys temat ic  s t r a i g h t  l i n e  t r a n s e c t s  on elephant  back, counting t h e  number 

of rhinos seen and e s t ima t ing  the  v i s i b i l i t y  on each t r a n s e c t  . This i s  

s i m i l a r  t o  t he  b e l t - t r a n s e c t  method o f  Kelker ( i n  Jarman, 1972) and was 

used by Se idens t icker  (1976) t o  census ungulates i n  Chitawan. 

However, I found such grea t  v a r i a b i l i t y  i n  the  v i s i b i l i t y  and i n  t h e  

numbers o f  rh inos  seen,  and saw such a small  t o t a l  o f  rhinos away from open 

grazing areas  and wallows t h a t  I abandoned t h e  method and concentrated on 

Dung-pi les/km 

1 0 . 7  

6 . 8  

7 . 8  

8 . 2  

7 . 7  

12 .2  

8 . 8  

9 . 6  

4 . 2  

5 . 7  

4 . 7  

4 . 9  

6 . 7  

5 . 8  

8 . 1  

7 . 2  ( 

Sauraha  

1. S t r a i g h t  l i n e  t r a n s e c t  

2 .  S t r a i g h t  l i n e  t r a n s e c t  

3 .  S t r a i g h t  l i n e  t r a n s e c t  

T o t a l  ( S t r a i g h t  l i n e  
t r a n s e c t s )  

4 .  Path 

5.  Pa th  

6. Path 

T o t a l  ( P a t h s )  

T i g e r  Tops 

1 .  S t r a i g h t  l i n e  t r a n s e c t  

2 .  S t r a i g h t  l i n e  t r a n s e c t  

3 .  S t r a i g h t  l i n e  t r a n s e c t  

T o t a l  ( S t r a i g h t  l i n e  
t r a n s e c t s )  

4 .  Path 

5. Path 

6 .  Path 

T o t a l  ( P a t h s )  

Dis tance  
(kms 1 

6 

8  

8  

22 

3 

5  

8  

16 

5 

6 

8  

19 

3 

4  

8 

15 

No. o f  d u n g - p i l e s  

6 4  

5 4  

62  

1 80 

2  3 

6 1  

70 

154 

2  1  

3 4  

3 8  

9 3 

2  0  

2 3 

65 

108 



f ind ing ,  i d e n t i f y i n g  and watching rhinos (d iscussed  i n  Sect ion 3.9.1) .  

Resul t s  

3.4 Numbers 

3.4.1 Registered ind iv idua l s  i n  the  s tudy  a r e a  

The r a t e  of  r e g i s t r a t i o n  of new indiv idua ls  wi th in  t h e  study a r e a  f e l l  

t o  zero by t h e  end of June 1975 (Fig. 3.3).  I searched t h e  study a rea  

r egu la r ly  during t h e  2% years  before  t h i s  da t e .  Therefore,  assuming t h a t  

few ind iv idua l s  wi th in  t h e  s tudy a r e a  remained c o n s i s t e n t l y  e lu s ive  o r  i n -  

v i s i b l e ,  an es t imate  of  the  populat ion s i z e  i n  t h e  s tudy  areas  can be made 

from the  nwnbers o f  r e g i s t e r e d  ind iv idua l s  (Sect ion  3.3.1) . 
There were problems i n  a s se s s ing  t h e  populat ion s i z e  by t h i s  method 

because it took such a  long time t o  r e g i s t e r  t h e  populat ion.  Thus, changes 

i n  t h e  population had taken p lace  by t h e  t ime t h e  r a t e  of  r e g i s t r a t i o n  f e l l  

t o  zero i n  June 1975. For example, some ind iv idua l s  had died between t h e  

time o f  t h e i r  l a s t  s i g h t i n g  and June 1975; and some a d u l t  females had 

probably given b i r t h  without my knowing. 

Table 3.5 shows t h e  t o t a l  numbers o f  r e g i s t e r e d  ind iv idua ls  i n  each 

s tudy  a rea ,  and t h e  various co r r ec t ions  which were made i n  es t imat ing  t h e  

populat ion s i z e .  A t o t a l  o f  251 rhinos were r e g i s t e r e d  wi th in  the  study 

a r e a  up u n t i l  June 1975. Seventeen of t hese  ind iv idua l s  were known t o  

have died during t h e  same per iod  and a f u r t h e r  two ind iv idua l s  which were 

found i n  a  decomposed s t a t e  were assumed t o  have been previously r e g i s t e r e d .  

I have no t  cor rec ted  f o r  poss ib l e  unrecorded dea ths  b u t ,  as  explained i n  

Sec t ion  3.8.1, t h e r e  were probably not very many. 

n jen ty  calves were i n s u f f i c i e n t l y  i d e n t i f i e d  t o  b e  followed a f t e r  



Table 3 .5 .  The est.imated numbers of registered individuals in the 
study areas i n  June 1975. 

leaving t h e i r  mothers, and some of t hese  ca lves  may have been r e - r e g i s t e r e d  

as sub-adul ts  and t h u s  counted twice.  In o rde r  t o  show how many ca lves  

could have been r e - r eg i s t e r ed ,  I  compare, i n  Fig.  3.7, t he  t ime o f  r e g i s -  

t r a t i o n  o f  sub-adul t s  with the  times t h a t  un iden t i f i ed  calves l e f t  t h e i r  

mothers. I have t r e a t e d  each study a r e a  s e p a r a t e l y ,  a s  no movements o f  

i d e n t i f i e d  ind iv idua l s  were recorded between t h e  s tudy  areas  (Sect ion 4.6) .  

Fig. 3.7 shows t h a t  15 ca lves  could have been r e g i s t e r e d  twice: t h e r e f o r e  

a t  l e a s t  f i v e  o f  the  20 calves were n o t  r e - r e g i s t e r e d  a s  sub-adul ts  . There 

was no evidence t h a t  t hese  f i v e  sub-adul ts  d ied ,  and the re  was evidence 

(given below) o f  more sub-adults i n  t h e  s tudy  a r e a  than I had i d e n t i f i e d .  

On many occasions I saw sub-adul ts  which I confirmed were not  a lready 

r eg i s t e r ed ,  b u t  which I d id  not  observe c lose ly  enough t o  be  su re  o f  

p o s i t i v e  i d e n t i f i c a t i o n  on subsequent s i g h t i n g s .  I was able t o  i d e n t i f y  

sub-adul ts  p o s i t i v e l y  on only 58% o f  1,231 s igh t ings ;  as  aga ins t  85% o f  

A. Total number of 
individuals regis tered 

B. Nunber of deaths among 
regis tered individuals 

C. Number of deaths of un- 
i den t i f i ed  individuals 

D. Nuber  of possible re-  
reg is t ra t ions  of 
calves as subadults 

E .  Estimated number of 
undetected b i r t h s  

Total of regis tered indivi-  
duals and calves i n  June 
19 75 (A- B- C- D+E) 

v 

Sauraha 

189 

12  

1 

14 

5 

16 7  

Tiger Tops 

6 2 

5 

1  

1 

4 

5 9 

Total 

25 1 

17 

2 

15 

9 

226 
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2,524 s igh t ings  o f  a d u l t s  (X2 = 329.0 p  < 0.001) .  Sub-adults were more 

d i f f i c u l t  t o  i d e n t i f y  i n  b r i e f  s i g h t i n g s  than a d u l t s  were, so a  r e s u l t  o f  

t h i s  kind would be expected even with no d i f f e r ence  i n  t h e  propor t ions  o f  

unregis te red  a d u l t s  and sub-adul ts  i n  t h e  a rea .  However, t h e  a d u l t s  which 

I  was unable t o  i d e n t i f y  were r a r e l y  confirmed as unregis te red  ind iv idua l s .  

'Iherefore it seems l i k e l y  t h a t  t h e r e  were r e l a t i v e l y  more un reg i s t e r ed  sub- 

adu l t s  than un reg i s t e r ed  adu l t s .  Consequently, I have included t h e  f i v e  

sub-adul ts  (Fig. 3.7) i n  t h e  est imated populat ion t o t a l  f o r  t h e  s tudy  a reas  

In June 1976, nine cows with calves had no t  been seen f o r  over  t h r e e  

months, and on t h e  evidence of  o t h e r  cows' i n t e r c a l v i n g  i n t e r v a l s  (Sec t ion  

3.7.1) , I  assumed t h a t  they  had given b i r t h  again s ince  t h e i r  l a s t  s i g h t -  

i n g ~  . This  assumption i s  supported by b r i e f  s i g h t i n g s  of u n i d e n t i f i e d  cows 

with newborn ca lves  i n  t h e  study a reas .  

A 1  lowing f o r  t hese  cor rec t ions ,  t h e  populat ion es t imates  f o r  t h e  

s tudy a reas  a r e  167 a t  Sauraha and 59 a t  T ige r  Tops. ?he ca l cu la t ions  a r e  

shown i n  Table 3.5. 

3.4.2 Numbers o f  rh inos  i n  ou t ly ing  a reas  

Table 3.6 summarizes t he  r e s u l t s  o f  t he  surveys o f  s igns  and s igh t ings  

i n  t h e  ou t ly ing  d i s t r i c t s  and shows t h e  est imated riders o f  rh inos  which 

used each region.  The d e t a i l e d  r e s u l t s  a r e  given i n  Appendix F .  Places 

mentioned i n  Table 3.6 a r e  shown on t h e  map, Fig. 2.1. Obviously i t  was 

poss ib l e  t h a t  some ind iv idua l s  moved between neighbouring areas  and were 

counted twice.  However, I have ca l cu la t ed  t h e  minimum number o f  rh inos  

which used each of  f i v e  out iy ing  regions,by t ak ing  i n t o  account t h e  sex  

and age c l a s s e s  of  t he  rhinos found t h e r e .  There was l i t t l e  seasonal  

v a r i a t i o n  i n  t h e  r e s u l t s  of surveys which were c a r r i e d  out i n  May, 

Septenher and November, b u t  t h i s  was expected, a s  t he  number o f  s i g h t i n g s  

was very small and t h e  freshness  o f  t h e  dung-piles was not  taken i n t o  
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Table 3.6. The numbers of rhinos estimated t o  be Living i n  outlying areas. 

account.  In areas  where I found no dung-piles t h e  presence o f  a few 

temporary v i s i t o r s  could be  deduced from t r a c k s  found, b u t  these  rhinos 

were assumed t o  have come from neighbouring a reas  and were not counted 

twice.  An est imated t o t a l  o f  76 rhinos used t h e  a reas  surveyed outs ide  

t h e  s tudy a reas ,  d i s t r i b u t e d  as shown i n  Table 3 . 6 .  

LOCATIONS 

West 

S i k r a u l i ,  Pipraha, Kuj a u l i  

Blukon i 

Bhonser ghat 

Lokhani 

Jungle,  Nagarkhot, Shergun j 

Amaltari , Serh i ,  Jhangara, 
Kolkutta, Tamaspur, Binai Khola 

East 

Imratani , Jaghdari  , Kahendramoli 

Lothar, Ligligdomar 

Kuchkuchia 

South 

Anwa, Bagai , Botesimra, Bankatta 

North 

Gorua 

Tikol i  

TOTAL 

Number of 
rhinos 

1 

4 

14 

5 

7 

15 

46 

7 

3 

9 

19 

4 

2 

5 

7 

76 

Sex and age c lasses  

Ad 
Ad, A? + c,  A? 

2A@ 3 A S +  cc, 6S?? 

A d ,  2AW+ cc 

2A& 2 A S  + cc, S? 

4A& 4A%+ cc, s s??  

3 ~ $ !  AP+ c, A?,  S? 

A&, A? + C 

Z A C ~ ~ ,  2 ~ ? 9 +  cc, SS?? 

2Abd A? + c 

~ b ,  A? 

Acf, AS + cc 



3.4.3 Estimation o f  t o t a l  populat ion s i z e  

Fig. 3 . 8  summarizes t h e  population es t imates  f o r  t h e  study a reas  

and the  ou t ly ing  a r e a s .  In order  t o  make an es t imate  of  t h e  t o t a l  pop- 

u l a t i o n  s i z e  it i s  necessary t o  consider  t h e  l i ke l ihood  t h a t  rh inos  

r e g i s t e r e d  i n  t h e  s tudy areas  were a l s o  counted i n  t h e  out ly ing  areas .  

The numbers of  ind iv idua ls  seen i n  the  Sauraha s tudy a r e a  i n  each 

calendar  month a r e  shown i n  Fig. 3.9. No cor rec t ion  has been made f o r  

t he  d i f f e r e n t  lengths o f  searching time i n  each month because such d i f -  

fe rences  a f f e c t e d  mainly t h e  t o t a l  number o f  s igh t ings  r a t h e r  than t h e  

numbers of  i d e n t i f i e d  ind iv idua ls  seen.  The notab le  peak i n  numbers o f  

i nd iv idua l s  seen i n  Plarch, Apr i l  and May i s  a  r e s u l t  o f  both an inc rease  

i n  v i s i b i l i t y  a f t e r  t h e  long grass  has  burned, and an i n f l u x  o f  i n d i v i -  

dua ls  from the  o u t e r  p a r t s  o f  the  Sauraha s tudy  a r e a  t o  t h e  c e n t r a l  p a r t s  

(shown i n  Sect ion 4.6) . 
Fig. 3.10 shows t h e  numbers o f  s i g h t i n g s  p e r  r e g i s t e r e d  ind iv idua l  

i n  t h e  Sauraha study area .  A l a rge  number of  i nd iv idua l s  were seen on 

only a  few occasions each. I t  seems l i k e l y ,  from evidence presented  i n  

Section 4.6.2, t h a t  some o f  t he  very in f r equen t ly  s ighted  ind iv idua l s  came 

i n t o  t h e  study areas  during the  spr ing  from t h e  ou t ly ing  a reas .  However, 

t h e r e  a r e  reasons f o r  be l i ev ing  t h a t  it w a s  d e f i n i t e l y  no t  a  l a rge  number. 

F i r s t l y ,  no movements o f  r e g i s t e r e d  ind iv idua l s  were recorded between t h e  

two study a reas ,  nor  between the study areas  and t h e  out ly ing  a reas .  I 

knew most o f  t h e  ind iv idua l s  i n  t h e  s tudy a reas  and it i s  l i k e l y  t h a t  I 

would have de tec ted  ex tens ive  movements of i nd iv idua l s  between t h e  s tudy  

a reas  i f  they had occurred.  Secondly, it i s  un l ike ly  t h a t  a l l  t h e  53 rhino: 

seen, f o r  example, on fewer than f i v e  occasions i n  t he  Sauraha s tudy a r e a  

could have come from ou t s ide  the  study a rea ,  because the re  were only 30 

rhinos recorded from the  out ly ing  areas  nea re s t  t o  Sauraha, and those  i n  

t he  Katar region,  north of t h e  Rapti ,  were separa ted  from  aurah ha by 11 kms 
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F i g .  3.9. The m b e z = s  o f  rhinos i den t i f i ed  per calendar month, 
1973 t o  1976. 

Number of sightings per individual 

F i g .  3.10. The frapency dis tr ibut ion o f  the nwnber of s ightings 
per individual in  the Sauraha study area. 



o f  a g r i c u l t u r a l  l a n d .  

A s  t h e  34 r h i n o s  e s t i m a t e d  i n  t h e  Nawalpur and Katar  a r e a s  a r e  

s e p a r a t e d  from t h e  s t u d y  a r e a s  by a wide r i v e r  and b y  a g r i c u l t u r a l  l and ,  

I have assumed t h a t  t h e y  were never  r e g i s t e r e d  w i t h i n  t h e  s t u d y  a r e a s .  

Three o f  t h e  remaining 42 r h i n o s  e s t i m a t e d  t o  l i v e  i n  o u t l y i n g  a r e a s  were 

r e g i s t e r e d  i n  Bandar jola .  I have no evidence t h a t  t h e  remaining 39 r h i n o s  

were r e g i s t e r e d  w i t h i n  t h e  s t u d y  a r e a s  o r  n o t .  There fore ,  t h e  t o t a l  

p o p u l a t i o n  s i z e ,  c a l c u l a t e d  by t h e  s t e p s  i n  Tab le  3.7, shou ld  l i e  between 

263 and 302 i n d i v i d u a l s .  I had  r e p o r t s  o f  a few r h i n o s  from f u r t h e r  e a s t  

of  Ramoli, and I t h e r e f o r e  conclude t h a t  t h e  t o t a l  p o p u l a t i o n  i n  Nepal l a y  

between 270 and 310 i n d i v i d u a l s  i n  June 1975. The p o p u l a t i o n  t r e n d  i s  

d i s c u s s e d  i n  S e c t i o n  3.9.3. 

Table 3.7. Steps i n  the es that io i i  o f  the totaZ population 
s ize .  

A1 lowing f o r  rh inos  repor ted i n  unsurveyed 
a reas  e a s t  o f  Ligligdomar, t h e  f i n a l  e s t imate  
f o r  t h e  t o t a l  rh ino population i s  between 
270 and 310 ind iv idua l s .  

Number o f  rhinos r e g i s t e r e d  
a t  Sauraha and Tiger  Tops 

Number of rh inos  est imated 
a t  Nawalpur and Katar 

Number o f  rh inos  r e g i s t e r e d  
on Bandarjola 

bfinimum es t imate  f o r  
t o t  a1 population 

Number o f  rh inos  est imated on 
Bandarjola and a t  T iko l i  and 
Reu, which may have been 
r c g i s t c r e d  wi thin  the  s tudy 
areas  

Maximum es t imate  f o r  
t o t a l  population of a reas  
surveyed 

226 

3 4 

3 

26 3 

39 

30 2 



3.4.4 Resul t s  o f  a e r i a l  counts 

The r e s u l t s  of  counting c a r r i e d  out on s i x  f l i g h t s  a r e  shown i n  

Table 3 . 8 .  A t o t a l  count o f  the rhinos p re sen t  was attempted us ing  

knowledge o f  t h e i r  favour i te  haunts .  For t h e  th ree  counts made on 7-9 

June 1975, a  check was made on the  accuracy by comparing t h e  t o t a l s  

counted with t h e  number of  rhinos seen i n  t h e  same a rea  from t h e  ground 

over  t he  previous and t h e  following seven day per iods .  Fifty-seven d i f -  

f e r e n t  i nd iv idua l s  were seen from the  ground i n  t he  seven.days previous 

t o  7 June 1975, and 41 ind iv idua ls  were seen i n  t h e  seven days following 

9 June, making an average t o t a l  of 49 rh inos .  The maximum n u h e r  o f  

rh inos  counted from the  a i r  was 15/49 = 30.6% and t h e  lowest number 

counted was only 5/49 = 10.0% of t h i s  t o t a l .  

Table 3.8. The m b e r s  of rhinos counted fm the air. 

This  v a r i a b i l i t y ,  and the  low proport ion of rhinos seen, makes 

counting o f  rhinos from f ixed  wing a i r c r a f t  very inadequate.  Rhinos and 

o t h e r  spec ies  a r e  d i f f i c u l t  t o  s ee  i n  t h e  f o r e s t ,  t a l l  grassland and 

swamps unless  they a r e  i n  a  c lear ing .  

Time 

09.30 

06.00 

07.00 

07.00 

07.00 

07.40 

07.30 

10.00 

Date 
( d a y ,  mh, yr) 

20.7.73 

22.5.75 

7.6.75 

8.6.75 

9.6.75 

8.6.75 

9.6.75 

14.8.75 

No. 

1 

2 

3 

4 

5 

4 

5 

6 

Place 

Sauraha 

Sauraha 

Sauraha 

Sauraha 

Sauraha 

Khoria 

Kasra 

Sauraha 

Duration 
[mins) 

20 

60 

15 

20 

20 

10 

15 

15 

Area flown over 
(km2) 

4.2 

14.0 

7.0 

7.0 

7.0 

12 .O 

15 .O 

4.2 

No. o f  h i n o s  
counted 

4 

3 

13 

5 

15 

6 

1 

4 



3.5 Di s t r ibu t ion  and dens i ty  

Fig.  3.8 shows t h e  approximate d i s t r i b u t i o n  o f  rhinos i n  Nepal. 

Inspect ion o f  the vegeta t ion  maps, Figs.  2.2, 2.6, 2.8 and 2.9, shows t h a t  

t h e  rh inos '  d i s t r i b u t i o n  co inc ides  roughly wi th  t h a t  o f  t h e  r i v e r i n e  fo r -  

e s t ,  scrub and grass land  h a b i t a t s  of  the a l l u v i a l  p l a i n s .  The s a l  f o r e s t  

suppor ts  only a  low populat ion o f  rhinos - i n  t h e  v i c i n i t y  o f  lakes and 

r iver -beds .  The h a b i t a t  p references  of rh inos  a r e  considered i n  d e t a i l  i n  

Sec t ion  4.3.  Here, I cons ider  t h e  populat ion d e n s i t i e s  o f  rh inos  i n  d i f -  

f e r e n t  regions,  using knowledge o f  h a b i t a t  p references  t o  ca l cu la t e  both 

crude and ecologica l  d e n s i t i e s  (Eisenberg and Se idens t i cke r ,  1976). 

Tne ca l cu la t ion  o f  populat ion dens i ty  r equ i r e s  knowledge of  the  number 

o f  animals and t h e  a r e a  o f  t h e  t e r r a i n  which t h e y  i n h a b i t .  Having e s t i -  

mated t h e  population s i z e ,  t h e  main problem l i e s  i n  def in ing  t h e  a r e a  

which t h e  animals i n h a b i t .  Seasonal movenlents obviously a f f e c t  populat ion 

d e n s i t i e s ,  bu t  here  I am concerned with o v e r a l l  populat ion d e n s i t i e s ,  and 

aim t o  inc lude  t h e  annual ranges o f  t he  rh inos .  However, even d a i l y  move- 

ments a f f e c t  t h e  ca l cu la t ion :  should, f o r  i n s t ance ,  t h e  cu l t i va t ed  land,  

v i s i t e d  by rhinos during t h e  n i g h t  a t  c e r t a i n  t imes o f  year  (Sect ion 4.3) ,  

be  included i n  the  rh inos '  range when c a l c u l a t i n g  populat ion dens i ty?  

Secondly, should any adjustment be made f o r  t h e  inc lus ion  o f  large amounts 

o f  unsu i t ab l e  h a b i t a t  such a s  s a l  f o r e s t  o r  sand-banks i n  t he  rhinos range? 

In view o f  t h e  above p o i n t s ,  I have ca l cu la t ed  two d i f f e r e n t  populat ion 

d e n s i t i e s  f o r  each region;  crude dens i ty  and eco log ica l  dens i ty .  Crude 

dens i ty  r e f e r s  t o  t h e  t o t a l  annual ranges o f  t he  rh inos  including areas  

o f  l e s s  s u i t a b l e  h a b i t a t  such as s a l  f o r e s t ,  b u t  excluding a g r i c u l t u r a l  

land.  Ecological dens i ty  (Eisenberg and Se idens t i cke r ,  1976) r e f e r s  only 

t o  t h e  a reas  of  most s u i t a b l e  h a b i t a t ,  i.e. r i v e r i n e  f o r e s t ,  grassland and 

scrub ( see  Sect ion 4.3) , again excluding a g r i c u l t u r a l  land. 



Table 3.9 shows the  crude and ecologica l  d e n s i t i e s  o f  rh inos  i n  each 

o f  f i v e  reg ions .  Note t h a t  I have t r e a t e d  Bandarjola and Tiger  Tops a s  

s epa ra t e  regions,  although it i s  unc lea r  how much movement o f  rh inos  

t akes  p lace  between them (Section 3 .4) .  ?he most densely populated 

region,  Sauraha, is charac te r ized  by a wide v a r i e t y  o f  h a b i t a t  types  

(Fig. 2 . 8 )  and easy access  t o  a g r i c u l t u r a l  land. Within the  region,  t h e  

t a l l  grassland meets t he  sho r t  grass  of t h e  r iver -beds ,  t he  r i v e r i n e  f o r -  

e s t  and t h e  scrub and scrubby woodland grazed by domestic s tock.  In 

Katar,  Nawalpur and Bandarjola t h e r e  i s  l e s s  t a l l  g rass land  and t h e r e  a r e  

fewer we l l  vege ta ted  tals, b u t  a considerably h igher  proport ion o f  scrub 

and scrubby woodland. A t  Tiger  Tops, t h e  h a b i t a t  i s  more uniform t a l l  

g rass land ,  r i v e r i n e  f o r e s t  and t a l s ;  t h e r e  i s  l e s s  sc rub ,  and access t o  

a g r i c u l t u r a l  land i s  across  t he  Rapti  River.  

Ta3le 3.9. Crude and ecologicaZ population densit ies in each region. 

Thus, high populat ion d e n s i t i e s  appear t o  be  assoc ia ted  wi th  a high 
' 

d i v e r s i t y  of h a b i t a t  types ,  and ease  of  access  t o  a g r i c u l t u r a l  land. The 

h igh  number of rh inos  l i v i n g  f a r  from t h e  t a l l  grass  h a b i t a t  t r a d i t i o n a l l y  

assoc ia ted  with t h e  Indian rhino (P ra t e r ,  1971) i nd ica t e s  a c e r t a i n  adapt-  

a b i l i t y  i n  t h e i r  feeding hab i t s ,  which i s  examined i n  d e t a i l  i n  Sec t ion  4.3 

There i s  a c l e a r  co r r e l a t ion  between rh ino  concentrat ions and water:  rh ino  

a r e  never found f a r  from water ,  and a l l  concentrat ions a r e  c e k r e d  on 

?logical  densi ty  
~ O / k m ~  

4.85 

1.74 

1.12 

0.95 

0.77 

RC gion 

Sauran J 

Tiger pops 

Kat ar 

Nawalpur 

Bandarjola 

Crude dens i. t j1 
~ ~ / k m ~  

1.79 

1.02 

0.38 

0.45 

0.43 



s u i t a b l e  r i v e r s ,  tals, streams o r  wallows (Section 4 .4 ) .  Habitat  p r e f e r -  

ences and d i f f e rences  i n  populat ion d e n s i t i e s  between regions a r e  d iscussed  

f u r t h e r  i n  Sect ion 4.7. 

3.6 Sex and age composition 

In Table 3.10 t h e  226 r e g i s t e r e d  ind iv idua l s  (Table 3.5) a r e  divided,  

according t o  s tudy a reas ,  i n t o  age and sex c l a s s e s  a s  at June 1975. I have 

taken June 1975 as t h e  time f o r  examining t h e  populat ion composition be- 

cause no ind iv idua l s  were r e g i s t e r e d  a f t e r  t h a t  month and some ind iv idua l s  

were not  seen again a f t e r  t h a t  month. I  only spent  four  months i n  Chitawan 

between August 1975 and June 1976: a s  a  r e s u l t ,  many of  t he  b i r t h s  and 

deaths  during t h a t  per iod  were not  recorded. 

3.6 .l Calf sex  r a t i o  

O f  51 r e g i s t e r e d  ca lves ,  26 were male, 16 were female and n ine  were 

no t  c l a s s i f i e d  (Table 3.10).  However, t h e r e  w a s  a  methodological b i a s  

towards males i n  determining the  sex of calves:  male ca lves  tended t o  b e  

sexed more quick ly  than  female ca lves  (Sectior. 3.2.1).  With 18% o f  t h e  

calves u n c l a s s i f i e d ,  it i s  necessary  t o  cons ider  t h i s  b i a s  before  drawing 

any conclusions about t h e  c a l f  sex  r a t i o .  

A s  t h e  chances of determining a  p a r t i c u l a r  c a l f ' s  sex  increased wi th  

t h e  amount of  observat ion time, 1  compared t h e  sex  r a t i o  o f  r e g i s t e r e d  

ca lves  seen on f i v e  o r  fewer occasions with t h a t  o f  ca lves  seen on m o r e  

than f i v e  occasions (Table 3.11) . In order  t o  en l a rge  the  sample, I  have 

included a l l  rhinos r e g i s t e r e d  as calves a t  any time during the  study 

pe r iod  - a  t o t a l  o f  86. Although t h e r e  i s  a  s i g n i f i c a n t  b i a s  towards 

males i n  t he  t o t a l  numbers o f  calves sexed (X2  one sample t e s t :  X 2  = 5.2 

p c 0 .OS), t h e r e  i s  no s i g n i f i c a n t  departure from a  one t o  one sex r a t i o  



Table 3.10. The S= and age amposition of the registered population 
of the st@ amas.  

among c a l v e s  seen on more than f i v e  o c c a s i o n s  (x2 one sample t e s t :  X2 = 

0.1  p > 0.10) .  Thus t h e  i n e q u a l i t y  i n  t h e  determined s e x  r a t i o s  o f  

r e g i s t e r e d  c a l v e s  is  a r e s u l t  a t  l e a s t  p a r t l y  o f  b i a s  towards  males i n  

s e x i n g  c a l v e s ,  and t h e r e  i s  no c l e a r  ev idence  t o  sugges t  t h a t  t h e  s e x  

r a t i o  a t  b i r t h  i s  no t  one t o  one. 

Adult males 

Adult females alone 

Adult females with ca lves  

Sub - adu l t males 

Sub-adult females 

Sub - adu l ts  (sex unknown) 

lilale ca lves  

Female ca lves  

Calves (sex unknown) 

Calves assumed t o  have been born 

TOTAL 

Adult sex r a t i o  (% male) 

Sub-adult sex r a t i o  (% male) 

Sub-adult and a d u l t  combined 
sex r a t i o  (% male) 

Adults a s  % o f  t h e  population 

Sub-adults  as % of  the  population 

Adult females with calves as % 
of t h e  population 

Adult females as  % of the  
population 

Adult males as % of  t h e  
population 

% of a d u l t  females with calves 

Tiger  Tops 

16 

1 

16 

S 

3 

2 

5 

2 

S 

4 

59 

48.4 

62 .5 

51.2 

55.9 

16.9 

27.1 

28.8 

27.1 

94.1 

Sauraha 

29 

12 

4 4 

2 1 

17 

- 

2 1 

14 

4 

5 

167 

34.1 

55.3 

41.0 

50.9 

22.8 

26.3 

33.5 

17.3 

78.6 

Tota l  

45 

13 

6 0 

2 6 

20 

2 

2 6 

16 

9 

9 

226 

38.1 

56 .5 

43.3 

52.2 

21.7 

26 .S 

32.3 

82.4 



Table 3.11. Differences i n  the determined sex m t i o s  of catves 
according t o  nmbers of sightings. 

3.6.2 Sex r a t i o  o f  sub-adul ts  and a d u l t s  

There w a s  an excess  o f  males over  females among the  r e g i s t e r e d  sub- 

a d u l t s ,  although not  a s t a t i s t i c a l l y  s i g n i f i c a n t  one (X2 one sample t e s t :  

X2 = 0.78 p > 0.30) . I t  may have been at l e a s t  p a r t l y  a r e s u l t  o f  

females being c lassed  a s  a d u l t s  a s  soon a s  they  had given b i r t h ,  whereas 

males o f  t h e  same age were c lassed  as sub-adul ts .  Among a d u l t s ,  t h e r e  

were m r e  females than  males, a s  would be  expected f o r  t h e  same reason. 

The s e x  r a t i o  of  t he  sub-adul t  and adu l t  c l a s s e s  combined was 93 females 

t o  71 males, a departure from a one t o  one r a t i o  which i s  no t  q u i t e  s t a t -  

i s t i c a l l y  s i g n i f i c a n t  (X2 one sample t e s t :  X2 = 2.95 p > 0.10).  How- 

ever, t h e r e  were d i f f e r ences  i n  the  sex  r a t i o s  between t h e  two study areas  

which a r e  descr ibed below. 

3.6.3 Comparison o f  t h e  s e x  and age compositions o f  t h e  

r e g i s t e r e d  populat ions o f  t h e  two study a reas  

Tot a1 

44 

2 5 

17 

86 

In t h e  Sauraha a rea ,  t h e  r a t i o  of  males t o  females among t h e  adu l t s  

Calves seen on 
more than 

f ive  occasions 

18 

16 

3 

3 7 

Males 

Females 

Unclassified 

Total 

and sub-adul t s  combined, is s i g n i f i c a n t l y  g r e a t e r  than one t o  one (X2 one 

sample t e s t :  X2 = 4.30 p < 0 .OS) . In t he  T ige r  Tops a r e a  t h e r e  was a 

Calves seen on 
fewer than 

f ive  occasions 

2 6 

9 

14 

49 

h ighe r  proport ion o f  males - approximately one male t o  one female. There 



were seve ra l  minor differences i n  t h e  age and sex  compositions o f  t he  two 

r e g i s t e r e d  populat ions (Table 3.10), b u t  t h e  r e l a t i v e  propor t ions  o f  a d u l t  

males, adu l t  females, sub-adults and calves were not  s i g n i f i c a n t l y  d i f f e r -  

en t  (X2 = 3.05 p  > 0.05) .  blinor d i f f e r ences  included a  lower propor t ion  

of  sub-adul ts  i n  t he  T ige r  Tops populat ion and a  h igher  proport ion o f  a d u l t  

males: a l s o ,  a  h ighe r  proport ion o f  t h e  a d u l t  females a t  T iger  Tops had 

accompanying calves.  

3.6.4 Comparison o f  t h e  sex and age c l a s s i f i c a t i o n s  o f  

r e g i s t e r e d  ind iv idua l s  and o f  a l l  s i g h t i n g s  

Table 3.12 shows t h e  numbers of s i g h t i n g s  o f  rhinos i n  the  two s t u d y  

areas  up t o  June 1975, c l a s s i f i e d ,  a s  i n  Table 3.10, according t o  t h e  

rh inos '  sex and age c l a s se s .  I have compared t h e  s igh t ings  and r e g i s t r a t i o n  

d a t a  i n  o rde r  t o  t e s t  t h e  r e l i a b i l i t y  o f  ca l cu la t ing  population s t a t i s t i c s  

from t he  s i g h t i n g s  d a t a  which included repea ted  observat ions of  t h e  same 

ind iv idua l .  

There are no s t a t i s t i c a l  d i f fe rences  between the  s igh t ings  and t h e  

r e g i s t r a t i o n  d a t a  i n  e i t h e r  the Sauraha s tudy  a r e a  ( X 2  = 6.2 p > 0 .05 

df  = 5) o r  t h e  Tiger  Tops study a rea  (X2 = 4 .7  p > 0.05 df  = 3 ) .  This  

implies  t h a t  t h e r e  was an approximately equal  chance of  encountering each 

of t h e  sex and age c l a s se s  of  rh inos .  This  r e s u l t  i s  important f o r  t h e  

s tudy o f  grouping behaviour (Section 5 .2 ) ,  and i s  discussed f u r t h e r  i n  

Sect ion 3.9.2. 

3.6 .5 Differences wi th in  the  Sauraha s tudy  a rea  in the  

d i s t r i b u t i o n  o f  the s e x  and age c l a s se s  

There rierc d i f f e r ences  i n  the  d i s t r i b u t i o n  o f  the  sex and age c l a s s e s  

i n  t he  Sauraha a rea ,  which can be demonstrated by d iv id ing  t h e  s tudy a r e a  

i n t o  two regions nor th  and south o f  t he  Rapti  River,  This s p l i t s  t h e  s tudy 



Table 3.12. The sex and age mmposition of a22 rhino sightings i n  
the study areas. 

a r e a  i n t o  a long g ra s s  and r i v e r i n e  fo re s t  region on the  south bank and 

a s h o r t  g rass  and scrub region on t h e  nor th  bank. Rhinos i n  both reg ions  

have access  t o  c u l t i v a t e d  crops and r iver -beds .  

In Table 3 .13  t h e  rh ino  s igh t ings  i n  t he  Sauraha a r e a  a r e  s p l i t  i n t o  

t hose  from each region,  and t h e  sex  and age compositions a r e  compared. I t  

Unclassed 

Adult males 

Adult females a lone  

Adult S (sex unknown) 

Adult females wi th  ca lve s  

Sub-adult males 

Sub-adul t  females 

Sub-adul ts  (sex unknown) 

Calves 

To ta l  

To t a l  c l a s sed  

% c l a s sed  

Adult s e x  r a t i o  (% males) 

Sub-adult sex  r a t i o  (% males) 

Sub- adu lt and adu l t  s ex  r a t i o  
(% males) 

S igh t ings  o f  a d u l t s  as % o f  
t o t a l  c l a s sed  

S igh t ings  o f  sub-adul t s  as % 
of t o t a l  c l a s sed  

S igh t ings  of a d u l t  females wi th  
ca lves  as % o f  t o t a l  c l a s s e d  

S igh t ings  of a d u l t  females as % 
o f  t o t a l  c l a s s e d  

S igh t ings  o f  adu l t  males as % o f  
t o t a l  c l a s sed  

% o f  s i g h t i n g s  o f  a d u l t  females 
with ca lves  

Sauraha 

546 

6 77 

242 

62 

1,367 

40 1 

3 70 

39 0 

1,36 7 

5,42 2 

4,876 

89.9 

29.6 

52 .O 

35.3 

48.2 

23.8 

28.0 

33.0 

85 .O 

T i g e r  Tops 

33 

9 6 

17 

15 

48 

2 5 

17  

2 8 

4 8 

32 7 

294 

89.9 

59.6 

59 .S 

59.6 

59.9 

23.8 

16.3 

22 . l  

32.7 

73.8 

To ta l  

5 79 

773 

259 

77 

1,415 

426 

387 

418 

1,415 

5,749 

5,170 

89.9 

31.6 

52.4 

36.8 

48.8 

23.8 

27.4 

32.4 

15 .O 

84 .S 



Table 3.1 3. The sex and q e  mmpositions o f  rhino sightings north 
and south o f  the R p t i  River i n  the Sauraha stu& area. 

i s  d i f f i c u l t  t o  t e s t  such f igures  s t a t i s t i c a l l y  because s i g h t i n g s  a r e  not  

s t r i c t l y  independent,  bu t  i t  i s  evident  t h a t  t h e r e  a r e  q u i t e  l a rge  d i f f e r -  

ences i n  t he  frequency of s igh t ings  of t h e  d i f f e r e n t  sex and age c l a s s e s  i n  

each region.  The most obvious d i f f e r ences  a r e  i n  t h e  r a t i o s  o f  s i g h t i n g s  

of sub-adul ts  t o  a d u l t s  i n  t he  two regions.  Sub-adults comprised 15.5% o f  

t h e  c l a s s i f i e d  s i g h t i n g s  on the south bank bu t  42.0% on t h e  nor th  bank. 

Furthermore, t h e  s e x  r a t i o  of t h e  sub-adul t s  was 35.2% male on t h e  south 

bank and 67.9% male on the  north bank. The proport ion o f  unsexed sub-adul ts  

was about one t h i r d  i n  both reg ions .  The a d u l t  sex  r a t i o  was 29% male i n  

both  regions,  bu t  t h e r e  was a  higher  propor t ion  o f  s igh t ings  of s i n g l e  adult  

females on t h e  no r th  bank. These d i f f e r ences  a r e  f u r t h e r  i n v e s t i g a t e d  i n  

Sect ion 4.6. 

North 

238 (11.2%) 

197 ( 9 . 3 % )  

90 ( 4 . 2 % )  

20 ( 0 . 1 % )  

392 (18.5%) 

358 (16.9%) 

169 ( 8.0%) 

264 (12.5%) 

392 (18.5%) 

2,12 0  

Not c lassif ied 

A d  

Sing le  AQ 
A? 

A?+ c 

sd' 
S 9 
S? 

C 

T o t a l  

South 

354 ( 9 . 0 % )  

538 (13.7%) 

179 ( 4 . 6 % )  

42 ( 1.1%) 

1.127 (28.8%) 

133 ( 3 . 4 % )  

245 ( 6 . 3 % )  

175 ( 4 . 5 % )  

U 2 7  (28.8%) 

39 20 



3.7 Bi r ths  

3.7.1 Bir th r a t e  

A s  it was d i f f i c u l t  t o  l oca t e  ind iv idua l  rh inos  a t  w i l l ,  I  had t o  

e s t ima te  t he  b i r t h - d a t e s  o f  calves from t h e i r  s i z e s .  There were a  t o t a l  

of 42 cows ( adu l t  females) whose breeding h i s t o r i e s  I knew from December 

1972 t o  November 1975 by deduction from the  ages o f  accompanying calves.  

During t h r e e  yea r s ,  t h e s e  42 cows produced 36 ca lves ,  two of which d ied  

soon a f t e r  b i r t h .  This  i s  an ove ra l l  b i r t h  r a t e  o f  one c a l f  p e r  female 

pe r  3.5 years  o r ,  ad jus t ed  f o r  p e r i n a t a l  m o r t a l i t y  (Section 3.8) ,  one 

c a l f  pe r  female p e r  3 . 7  yea r s .  

I determined t h e  exact  i n t e r v a l  between two b i r t h s  t o  t he  same cow 

f o r  only t h r e e  cows, because only t h r e e  of 31 cows which I  followed from 

December 1972 t o  June 1976 gave b i r t h  twice dur ing  those  3% years .  The 

i n t e r - c a l v i n g  i n t e r v a l s  were 36, 34 and 18 months respec t ive ly .  In t he  

l a t t e r  case,  t h e  cow's e a r l i e r  c a l f  was k i l l e d  by a  t i g e r  when it w a s  a  

few days o l d ,  and t h e  cow must have mated again wi th in  two months. 

Fig. 3.11 shows t h e  i n t e r c a l v i n g  i n t e r v a l s  f o r  a l l  r e g i s t e r e d  cows 

t h a t  gave b i r t h  a t  l e a s t  once during t h e  s tudy period.  They a r e  ca l cu l -  

a t ed  from my es t imates  o f  t h e  previous calves ' ages. 'Ihe median of 50 

i n t e r - c a l v i n g  i n t e r v a l s  was 34 months and t h e  maximum was 50 months. 

3.7.1.1 Decline i n  b i r t h  r a t e  wi th  age 

Two of  t h e  t h r e e  cows which had i n t e r - c a l v i n g  i n t e r v a l s  exceeding 

48 months appeared, from t h e i r  s ca r r ed  sk ins  and f o l d s  and aged-looking 

horns ,  t o  be o l d  ind iv idua l s .  Two o f  t h e  t h r e e  may have given b i r t h  and 

l o s t  t h e i r  i n f a n t s  without  my knowing, bu t  one o f  t he  o l d e r  cows was seen 

so  f r equen t ly  t h a t  I would have not iced  i f  she was pregnant.  When she 

f i n a l l y  d id  g ive  b i r t h ,  she  l o s t  he r  c a l f  w i th in  s i x  weeks: I never  found 



Estimated intercalving interval 
( months 1 

F i g .  3.11. The frequency distribution o f  estimated inter-calving 
in.tervaZs (n = 50). 



t h e  carcase ,  so  t h e  cause of death was n o t  determined. One cow (F084) 

t h a t  d ied  i n  Novenher 1974 from a wound i n  h e r  shoulder,had calved t h r e e  

years  prev ious ly  b u t  was n o t  pregnant a t  t he  time o f  death. Few cows, 

having calved t h r e e  yea r s  previously,would no t  be pregnant,  a s  can be  

seen from Fig.  3.11. I examined F084's t u s k s  i n  s ec t ion  and found 26 

c l e a r  l i n e s  i n  t h e  cementum which ind ica t e s  t h a t  she  was a t  l e a s t  26 years  

o ld  (see Sect ion 3.8).  Thus it i s  poss ib l e  t h a t  t h e  o l d e r  ind iv idua ls  have 

longer  i n t e r -  ca lv ing  i n t e r v a l s  and perhaps s u f f e r  a h ighe r  l o s s  o f  ca lves .  

3.7.2 Seasona l i t y  o f  b i r t h s  

Fig. 3.12 shows t h e  es t imated  d a t e s ,  t o  t h e  nea re s t  two months, o f  

b i r t h s  o f  calves between 1972 and 1975. Calves known t o  belong t o  r eg i s -  

t e r e d  cows, and calves which could no t  be  t r a c e d  t o  p a r t i c u l a r  i nd iv idua l s  

a r e  a l l  included.  Records o f  t h e  l a t t e r  a r e  based on guards ' r e p o r t s  from 

ou t ly ing  a reas ,  and b r i e f  glimpses of small  calves which could no t  have 

belonged t o  any r e g i s t e r e d  cow known t o  have a young c a l f .  Less t ime was 

spent  i n  t h e  f i e l d  a f t e r  August 1975, and consequently many of  t he  cows 

which I expected t o  g ive  b i r t h  during 1975 were not  seen. I have p a r t i a l l y  

cor rec ted  f o r  t h i s  by inc luding  records o f  b i r t h s  not  t r a c e d  t o  p a r t i c u l a r  

i nd iv idua l s ,  bu t  t h e  low number o f  b i r t h s  recorded during 1975 and 1976 

should no t  be i n t e r p r e t e d  as a drop i n  t he  b i r t h - r a t e .  

Table 3.14 shows t h e  numbers of calves born i n  each two calendar  

months between 1972 and 1975. Although t h e r e  a r e  s l i g h t  peaks i n  recorded 

b i r t h s  from November t o  February and J u l y  t o  August, t h e  d i f f e r ences  between 

t h e  p a i r s  o f  months a r e  n o t  s i g n i f i c a n t .  These d a t a  a r e  compared with d a t a  

f o r  s e a s o n a l i t y  of oes t rus  i n  Sect ion 5.5.1. 





Tab&? 3.14. The nwnbers of bir ths  recorded i n  each two calendar 
month period. 

x2 one sample t e s t :  X2 = 6 .67  p > 0.05 df = 5 (Tota l ) .  

Months 

January-Feb n a r y  

March,- Apri l 

May- June 

July-August 

September-October 

Noved er -  December 

Tot a1 

3.7.3 Age a t  f i r s t  reproduction 

One female c a l f  l e f t  h e r  mother i n  December 1972 aged approximately 

t h r e e  yea r s ,  and had not  given b i r t h  by June 1976 aged 6% years .  Another 

female c a l f  l e f t  h e r  mother i n  September 1973 and was s t i l l  s i n g l e  i n  June 

1976 aged j u s t  under s i x  yea r s .  Five females were c l a s s i f i e d  a s  Class 5 

sub-adul t s  (i.e. 3-4 years old)  a t  t h e  s t a r t  o f  t he  s tudy:  they  were f o l -  

lowed u n t i l  June 1976,by which time one had given b i r th ,aged  about s i x  

years,  and one was about t o  give b i r th , aged  about seven yea r s .  The o t h e r  

t h r e e  were s t i l l  s i n g l e  and at l e a s t  6% t o  seven yea r s  o ld .  

In June 1975 t h e r e  were 17 r e g i s t e r e d  sub-adul t  females, fou r  o f  them 

i n  Class 5 .  I f  Class S accura te ly  r ep re sen t s  one year -c lass ,  and assuming 

f o r  t h e  moment no changes i n  mor t a l i t y  and b i r t h  r a t e s ,  t hese  17  sub-adul t s  

r ep re sen t  4 . 3  yea r -c l a s se s .  Taking t h e  median in t e r - ca lv ing  i n t e r v a l  o f  

34 months o r  2 .8  years  as the average age o f  leaving t h e  mother ( a  

Number of  b i r t h s  recorded 
(1972- 1975) 

Sauraha 

7 

4 

5 

11 

7 

8 

4 2  

T i g e r T o p s  

4 

5 

1 

4 

0 

4 

18 

Tota l  

11 

9 

6 

15 

7 

12 

60 



reasonable approximation: d a t a  i n  Sec t ion  5.6.2) , t h i s  i n d i c a t e s  t h a t  t h e  

average age a t  which females produce t h e i r  f i r s t  c a l f  i s  7 .1  years  (d i s -  

cussed i n  Sec t ion  3.9.3) . 

3.8.1 Causes of  m o r t a l i t y  

lkenty-seven dea ths  were recorded during t h e  s tudy period. I t  i s  d i f -  

f i c u l t  t o  know what proport ion of  deaths  were de tec ted  but ,with over 200 

rhino-guards d i s t r i b u t e d  i n  35 guard-posts throughout t h e  rh inos '  r ange , i t  

was probably q u i t e  a high proport ion.  The causes of death were determined 

a s  f a r  as poss ib l e ,  and t h e  frequency of  dea ths  from each cause a r e  shown 

i n  Table 3.15. 

Table 3 . 1  5. The m b e r s  and causes o f  deaths recorded for rhinos 
of each sex and age class. 

Poaching was confined almost e n t i r e l y  t o  t h e  f i r s t  year  o f  the  s tudy.  

Class 

Cause of death 

Poaching 

Tiger predation 

Old age 

Interspecif ic  fighting 

Abandonment by  female 

Accident in capture 

Unknown (cause undetermined) 

Unknown (disappeared) 

Tot a1 

Number of deaths recorded 

A# AQ S# S? & ?C 

2 4 

3 

1 3 

3 1 1 1 

2 

1 

1 2 1 

1 

7 10 1 1 7 1 
- 

Total 

6 

3 

4 

6 

2 

1 

4 

1 

2 7 



The r a t e  of poaching decreased sharply about t h a t  time: t he re  were 17 

cases  discovered during t h e  th ree  years  prev ious  t o  t h e  study ( B . N .  

Upreti  , pers .  comm., 1973) , bu t  t he re  has been only one recorded case 

i n  t h e  f i v e  years  s i n c e  November 1973. 'Ihe e f f e c t s  o f  previous heavy 

poaching on t h e  populat ion (Sect ion 1.4) a r e  d iscussed  i n  Sec t ion  7 .l .l . 
I n t r a s p e c i f i c  f i g h t i n g  accounted f o r  28.6% o f  t h e  deaths due t o  

causes o t h e r  than poaching. A l l  sex and age c l a s s e s  were involved, b u t  

males were k i l l e d  most f requent ly  (descr ibed i n  Sec t ions  5.4.2 and 

5.6.4.2).  

Predat ion by t i g e r s  on ca lves  i s  t h e  most l i k e l y  form of death t o  

go undetected. The f a c t  t h a t  I recorded t h r e e  such deaths  implies  t h a t  

t i g e r  predat ion i s  q u i t e  common. Calves a l s o  d ied  i f  abandoned by t h e i r  

mothers - e i t h e r  from s t a r v a t i o n  o r  from a t t a c k s  by a d u l t  males (descr ibed 

i n  Sec t ions  5.4.2 and 5.6.2) .  

3.8.2 Mor ta l i ty  r a t e s  

(a) Calves 

The deaths  of seven f i r s t - y e a r  ca lves  and one th i rd -yea r  c a l f  were 

recorded during t h e  s tudy per iod  (Table 3.15). Another c a l f  (c. 18 months 

o ld )  may have d ied  a f t e r  i t s  mother was k i l l e d  by poachers i n  J u l y  1975. 

These d a t a  i n d i c a t e  a  high c a l f  mor t a l i t y ,  e s p e c i a l l y  among f i r s t - y e a r  

ca lves .  In o rde r  t o  c a l c u l a t e  r a t e s  o f  mor t a l i t y ,  I consider  only those  

b i r t h s  and deaths  recorded wi th in  the  s tudy  a r e a s .  

Pe r ina t a l  mor t a l i t y  accounted f o r  two (5.6%) o f  t he  36 b i r t h s  t o  

r e g i s t e r e d  cows followed throughout t h e  s tudy per iod  (Section 3.7.1). 

Such deaths were d i f f i c u l t  t o  de tec t  un le s s  t h e  cow was seen f requent ly ;  

and one was only de t ec t ed  because the  c a l f  was k i l l e d  by a r ad io -co l l a r ed  

t i g e r .  Considering l a t e r  c a l f  mor t a l i t y ,  f o u r  f i r s t - y e a r  calves and one 

t h i r d - y e a r  ca l f  died out of a  t o t a l  o f  59 ca lves  born and assumed t o  have 



been born ( see  Sec t ion  3.4.1) during t h e  s tudy  pe r iod .  Assuming constant  

b i r t h  and mor t a l i t y  r a t e s ,  t h i s  i nd ica t e s  a  minimum c a l f  mor t a l i t y  o f  8.5% 

p e r  annum, most o f  i t  occurr ing during the  f i r s t  yea r  of  l i f e .  Both t h e  

p e r i n a t a l  and the  subsequent ca l f  mor t a l i t y  r a t e s  given above a r e  -minimum 

es t imates ,  a s  it i s  h ighly  un l ike ly  t h a t  a l l  dea ths  o f  calves were d i s -  

covered. 

Seven of  t h e  e i g h t  dead calves were males (Table 3.15), bu t  t h i s  does 

not  d i f f e r  s i g n i f i c a n t l y  from an even sex r a t i o  among the dead calves 

(Kolmogorov-Smirnov one sample t e s t ,  p > 0 .05 ) .  However, it i s  i n t e r e s t i n g  

t o  note  t h a t  a h ighe r  mor t a l i t y  r a t e  among male ca lves  was a l s o  recorded i n  

Kaziranga National Park. Records of  375 dea ths  o f  rhinos showed t h a t  23% 

o f  a l l  deaths  were o f  calves and 61% of  the  46 calves whose sex  was d e t e r -  

mined were male (Assam Forest  Dept. Records, 1965-1975) (discussed i n  

Sect ion 6.2.2.3.  

(b) Sub-adul ts  and a d u l t s  

In  o r d e r  t o  c a l c u l a t e  approximate mor t a l i t y  r a t e s  f o r  sub-adul ts  and 

a d u l t s ,  I again cons ider  only those deaths  recorded wi th in  t h e  s tudy area .  

WO sub-adul ts  and 14 a d u l t s  were found dead i n  t h e  s tudy a r e a  during 3% 

years .  Assuming t h e  populat ion composition f o r  June 1975 (shown i n  Table 

3.10), t h e  minimum annual mor ta l i ty  r a t e s  f o r  sub-adul ts  and a d u l t s  a r e  

2.8% o v e r a l l  o r  1.2% and 3.4% respec t ive ly .  I t  has  a l s o  been assumed t h a t  

t he  populat ion composition and the m o r t a l i t y  r a t e s  a r e  s t a b l e ,  although 

t h i s  i s  obviously not  so.  l'he impl ica t ions  of t hese  mor t a l i t y  r a t e s  a r e  

discussed i n  Sec t ion  3.9.3. 

(c) Longevity 

I examined incremental l i n e s  i n  t h e  cementum and t h e  dent ine o f  t he  

procumbent lower i n c i s o r s  of  e ight  i nd iv idua l s  (Sect ion 3.2.3). The 

c l e a r e s t  p a t t e r n s  o f  annul i  were i n  the cementum on the  outs ide  of  t he  roo t  



nea r  the gums. I t  is  not  known how r e l i a b l e  such l i n e s  a r e  i n  ageing 

Indian rhinos,  b u t  t h e  i n c i s o r s  should be t h e  most u se fu l  i n d i c a t o r s  of  

age because they a re  open-rooted and cont inuously growing throughout 

l i f e  (Laws, 1968) . However, both r e so rp t ion  and wear may a f f e c t  t he  

r e s u l t s  o f  s t u d i e s  u s ing  incremental l i n e s .  

Two of  the  i n c i s o r s  examined were from young rh inos  est imated t o  b e  

i n  t h e i r  t h i r d  o r  four th  yea r s  r e spec t ive ly .  They showed two and t h r e e  

incremental l i n e s  i n  t he  cementum,which probably corresponds t o  one l i n e  

p e r  year  i n  the permanent den t i t i on .  The deciduous i n c i s o r s  a r e  probably 

shed during t h e  f i r s t  year  o f  l i f e .  

Seasonal d i f f e r ences  i n  food abundance o r  q u a l i t y  can b e  expected t o  

r e s u l t  i n  one o r  more l i n e s  being formed p e r  yea r  ( S i n c l a i r ,  1977). The 

marked d ry  and wet seasons of  Chitawan (Sect ion 2.1 .S) suggest t h a t  one 

incremental l i n e  would be formed per  year.  Counting these  l i n e s  should 

t h e r e f o r e  be  a guide t o  ageing rh inos  although it is  poss ib le  t h a t  t he  

l i n e s  cease t o  form o r  a r e  obscured a f t e r  a  c e r t a i n  age. 

The i n c i s o r s  o f  s i x  a d u l t s  ( t h ree  males and t h r e e  females) i n d i c a t e d  

ages of between 10 and 26 years .  Table 3.16 shows the  ind ica t ed  ages and 

t h e  causes o f  death. M002 had worn molars which implied o l d  age b u t  t h e  

molars o f  F084 were l e s s  worn although she had a  g r e a t e r  i nd ica t ed  age. 

Table 3.1 6 .  Causes of death and ages indicated f m m  cementwn lines o f  
six adult rhinos. 

Individual  

M00 2 

M041 

h10 6  2 

F0 84 

Not i d e n t i f i e d  

Not i d e n t i f i e d  

Died 

Aug. 1975 

Nov. 1973 

Apr. 1975 

Nov. 1974 

May 1975 

Mar. 1974 

Indica ted  age 
(years)  

2 2 

12 

10 

2 6  

17 

14 

Cause of death 

? S e n i l i t y  

Poached 

Fight with A# 

Suppurating wound 

Unknown 

Unknown, perhaps poached 



These r e s u l t s  a re  discussed i n  Sect ions 5.6.4 and 6.2.  

3.9 Discussion 

3.9.1 Problems o f  counting rhinos 

The na tu re  of  t h e  h a b i t a t  i n  Chitawan (Sect ion 2.1.5) and t h e  small  

rh ino  population (Sect ion 3.4.3) makes a e r i a l  counting of rhinos and count- 

i n g  by t r a n s e c t s  very i n e f f i c i e n t  (Sect ions 3.3.4 and 3.414). S t a t iona ry  

rh inos  can remain undetected by an ob.- vver on elephant  back pass ing  wi th in  

30 o r  40 metres,  and two counts a lo r  ' 1 * same rou te  can produce widely 

d i f f e r e n t  t o t a l s  o f  rh inos .  The r e s  11:: of a e r i a l  counts  a r e  a l s o  very 

va r i ab l e .  Even using knowledge o f  t h e i r  f avour i t e  haunt S,  and by t r y i n g  

t o  f i n d  as many rhinos as poss ib l e ,  I counted a maximum o f  one f i f t h  of 

t h e  t o t a l  number known t o  be i n  t he  a rea ,  and t h e  count var ied  on success ive  

days from 3% t o  20% o f  t h a t  t o t a l  (Section 3.4.4) . 
Counts from h e l i c o p t e r s  a r e  undoubtedly more r e l i a b l e  than counts 

from f i x e d  wing a i r c r a f t ,  a s  small c l ea r ings  and wallows can be examined 

i n  g r e a t e r  d e t a i l .  However, desp i te  t he  advantages o f  the  h e l i c o p t e r ,  I 

suspect  t h a t  t h e  r e s u l t s  o f  both the  1968 and 1972 a e r i a l  counts (Section 

1.4) were underest imates ,  p a r t i c u l a r l y  as they  were c a r r i e d  out i n  May 

and June when the  grass  i s  genera l ly  high and v i s i b i l i t y  i s  poor (Section 

2.1.5).  

I d e n t i f i c a t i o n  and r e g i s t r a t i o n  o f  each ind iv idua l  is t h e  most 

accura te  method o f  censussing any populat ion,  b u t  i n  t h e  case o f  t he  

Indian rhino i t  seems t o  be t h e  only r e l i a b l e  one. I t s  main disadvantage 

is  t h a t  it t akes  a  long time. In t h i s  s tudy i t  took 2% years before  t he  

r a t e  o f  r e g i s t r a t i o n  o f  new indiv idua ls  f e l l  t o  zero.  In fu tu re  s t u d i e s ,  

i t  may prove poss ib l e  t o  work out  a  way o f  e s t ima t ing  t h e  proport ion o f  

i n d i v i d u a l s  t h a t  has  been r e g i s t e r e d , a f t e r  a s h o r t e r  per iod  i n  t h e  f i e l d .  



3.9.2 Number o f  s i g h t i n ~ s  versus nunher of  i n d i v i d u a l s  as a  

b a s i s  f o r  sex  and age c l a s s i f i c a t i o n  

The group compositions and t h e  sex  and age compositions of wi ld  

animal populat ions have f r equen t ly  been derived from a l l  s i g h t i n g s  o f  

groups and ind iv idua l s ,  e .g .  wi ld  goats  (Schal l e r  and Laurie,  1974; 

Sc l la l le r ,  1977) , s l o t h  b e a r s  (Laurie and Se idens t i cke r ,  1977). h 

a l t e r n a t i v e  i s  t o  i d e n t i f y  and c l a s s i f y  each ind iv idua l  i n  t h e  populat ion 

( e .g .  Kruuk, 1972; Douglas-Hamilton, 1972). I f  t ime i s  adequate and 

i d e n t i f i c a t i o n  r e l i a b l e  t h e  l a t t e r  method i s  obviously supe r io r .  The 

s i g h t i n g s  method r e l i e s  upon the  assumption t h a t  t h e r e  i s  an equal  chance 

of encountering a l l  t h e  sex  and age c l a s s e s  and groups within t h e  popul- 

a t i on .  The method o f  searching  has t o  be  such t h a t  t h e r e  i s  minimal b i a s  

towards any p a r t i c u l a r  s ec t ion  o f  t he  populat ion.  

This  s tudy provides an opportuni ty t o  check t h e  two methods a g a i n s t  

each o t h e r .  The r e s u l t s  o f  s ex  a d  age c l a s s i f i c a t i o n  by t h e  two methods 

a r e  presented  i n  Tables 3  . l 0  and 3.12. The d i f f e rences  between them a r e  

not  s t a t i s t i c a l l y  s i g n i f i c a n t  (Section 3.6.4) .  The r e s u l t s  f o r  Tiger  Tops 

d i f f e r  more widely than those f o r  Saurdla ,  as would b e  expected from t h e  

s m a l l e r  number o f  s i g h t i n g s  a t  Tiger  Tops. ?h is  i s  because repeated 

s i g h t i n g s  o f  c e r t a i n  i n d i v i d u a l s ,  f o r  i n s t ance ,  one t h a t  i s  r egu la r ly  

found i n  a  f requent ly  v i s i t e d  p lace ,  i n f l a t e  t h e  number o f  s igh t ings  

p ropor t iona te ly  more i n  a  small  sample than i n  a l a r g e  sample. 

Thus, t h e  s i g h t i n g s  method appears t o  be a  r e l i a b l e  way of de te r -  

mining sex and age compositions. Assuming t h a t  rh inos  of  each sex  and 

age c l a s s  form groups o f  t y p i c a l  s i z e s  and compositions,  t h e  method can 

a l s o  be  used t o  s tudy grouping behaviour (d iscussed  f u r t h e r  i n  Sect ion 

5.2.1). 



3.9.3 Population t r e n d  

Forty-two r e g i s t e r e d  cows produced 36 ca lves  i n  t h r e e  yea r s ,  i .e.  

a product ion of  one c a l f  pe r  cow pe r  3% years  (Sect ion 3.7.1) . I f  t h i s  

b i r t h - r a t e  is  assumed t o  apply t o  the whole populat ion,  t he  mean annual 

number of b i r t h s  t o  t h e  73 r e g i s t e r e d  adu l t  females (Table 3.10) would b e  

73/3.5 = 20.86. Sub-adult  females were shown t o  b e a r  t h e i r  f i r s t  ca lves  

when, on average, 7.1 years  o l d  (Section 3.7.3).  As sub-adult  females 

range i n  age from t h r e e  years  upwards, h a l f  o f  t h e  s i x  to . seven  yea r  o l d  

i n d i v i d u a l s  (one e ighth  o f  t h e  t o t a l )  would be  expected, on average, t o  

g ive  b i r t h  i n  any one year .  Thus, from a t o t a l  o f  20 sub-adul t  females i n  

t h e  r e g i s t e r e d  populat ion (Table 3.10) t he  es t imated  mean annual product- 

ion of ca lves  is  20/8 = 2.50. This f i g u r e ,  added t o  t h e  f igu re  f o r  a d u l t  

females, makes a t o t a l  mean annual product ion o f  23.36 calves (Table 3.17). 

Table 3.1 7. Steps in the estimatwn of the populatim trend. 

A. Mean annual number o f  b i r t h s  t o  a d u l t  females 20.86 

B. Mean annual n u h e r  of b i r t h s  t o  sub-adul t  females 2 .S0 

C.  Tota l  mean annual n u h e r  of b i r t h s  (A+B) 23.36 

D. Minimum est imated p e r i n a t a l  mor t a l i t y  (5.6%) 1.31 

E .  Maximum es t ima te  f o r  mean annual product ion o f  
calves surv iv ing  one month (C-D) 22 .OS 

F. Minimum es t imated  subsequent c a l f  mor t a l i t y  
(8.5%) 1.87 

G. Maximum es t ima te  f o r  mean annual product ion o f  
ca lves  surv iv ing  t o  sub-adulthood (E-F) 20.18 

A l l  f i gu re s  r e f e r  t o  t he  r e g i s t e r e d  populat ion (Table 3.10),  
h d  ca l cu la t ions  a r e  explained i n  t h e  t e x t .  

Correc t ing  t h e  annual number of  b i r t h s  f o r  t h e  minimum est imated 

p e r i n a t a l  and subsequent c a l f  mor t a l i t y  (Section 3.8.2), t he  maximum 



es t ima te  f o r  t he  mean annual production of ca lves  surv iv ing  t o  sub-adulthood 

i n  t h e  r e g i s t e r e d  populat ion i s  20.18 (Table 3.17) o r  8.9% o f  t h e  t o t a l  

r e g i s t e r e d  populat ion (Table 3.10) . There were 18 r e g i s t e r e d  t h i r d - y e a r  

ca lves  i n  the  populat ion (June, 1975), and as some calves leave t h e i r  

mothers before  t h e  age of t h r e e  years ,  t h e  e s t ima te  seems reasonable.  

Thus, with a  maximum es t ima te  o f  recrui tment  from t h e  c a l f  population o f  

8.9% and a minimum es t imate  o f  sub-adult  and a d u l t  mor t a l i t y  o f  2.8% 

(Section 3.8.2), t h e  rh ino  population was inc reas ing  i n  June 1975 a t  a  

maximum poss ib le  r a t e  of  6  .l% p e r  year .  I f ,  as i s  un l ike ly ,  both c a l f  

m o r t a l i t y  and subsequent mor t a l i t y  were double t h e  est imated va lues ,  t h e  

rh ino  population would s t i l l  be  inc reas ing  a t  a  r a t e  of 2  .O% p e r  year .  I  

t h e r e f o r e  conclude t h a t  t h e  population i s  inc reas ing  a t  between 2 .O% and 

6.1% pe r  year .  

3.10 Summary 

1. The cons iderable  v a r i a t i o n  i n  appearance between rh inos  was used t o  

i d e n t i f y  i nd iv idua l s  r e l i a b l y  and t o  c l a s s i f y  them according t o  age 

and sex .  

2. Having ind iv idua l  l y  r e g i s t e r e d  most o f  t h e  rh inos  encountered wi th in  

the  study areas ,  and having surveyed o t h e r  a r eas ,  t h e  rhino populat ion 

of  Nepal was es t imated  t o  be  between 270 and 310 ind iv idua l s .  

3. Rhinos were d i s t r i b u t e d  mainly i n  t h e  f lood  p l a i n  h a b i t a t s :  g r e a t e s t  

population d e n s i t i e s  occurred i n  t h e  a reas  o f  h ighes t  h a b i t a t  d i v e r s i t y ,  

no tab ly  nea r  t h e  boundary between t h e  park and t h e  surrounding c u l t i -  

va t ion .  In t he  Sauraha s tudy  a rea ,  t he  crude dens i ty  was 1.79 rh inos  

pe r  km2 and t h e  eco log ica l  dens i ty  4.85 pe r  km2. 



4 .  The o v e r a l l  composition o f  the r e g i s t e r e d  populat ion of t h e  s tudy 

areas  was 32.3% adu l t  females,  19.9% a d u l t  males, 21.2% sub-adul t s  

and 26.6% ca lves .  The r a t e s  of  s i g h t i n g s  of  each sex and age c l a s s  

were approximately t h e  same as t h e i r  r e spec t ive  frequencies  in,  t h e  

populat ion.  

5. There were d i f f e r ences  both between t h e  s t u d y  a reas  and within t h e  

Sauraha study a r e a  i n  the  d i s t r i b u t i o n  of  t h e  sex  and age c l a s se s .  

6 .  Females gave b i r t h  t o  t h e i r  f i r s t  calves a t  a mean age of 7.1 years .  

The median i n t e r - c a l v i n g  i n t e r v a l  was 2 . 8  years  b u t ,  allowing f o r  

p e r i n a t a l  mor t a l i t y  and t h e  low f e r t i l i t y  o f  t he  o l d e r  females, t h e  

mean production o f  ca lves  pe r  female w a s  one p e r  3.7 yea r s .  

7. Causes o f  death included poaching (now l a r g e l y  con t ro l l ed ) ,  t i g e r  

predat ion (on the  calves only) , i n t r a s p e c i f i c  f i g h t i n g  (mainly among 

males) and s e n i l i t y .  There was a high annual r a t e  of i n f a n t  m o r t a l i t y  

recorded - 5.6% p e r i n a t a l  and 8.5% subsequent ly - most of it during 

t h e  f i r s t  yea r  of  l i f e .  Among a d u l t s  and sub-adul ts  an annual mort- 

a l i t y  r a t e  o f  2.8% was recorded. A l l  t h e s e  r a t e s  a r e  l i k e l y  t o  be 

underest imates  because i t  i s  c e r t a i n  t h a t  n o t  a l l  t h e  deaths were 

detected.  

8. Even i f  t h e  recorded mor t a l i t y  r a t e s  a r e  l e s s  than h a l f  t he  a c t u a l  

r a t e s ,  t h e  rh ino  populat ion in  Nepal i s  s t i l l  inc reas ing  i n  s i z e  - 

probably by between 2% and 6% p e r  annum. 



4.  ECOLOGY 

hiethods 

4.1 Analysis of s tandard  information recorded during each observat ion 

General methods of observat ion and t h e  types of s tandard information 

recorded during each encounter with a rh ino  a r e  descr ibed i n  Sect ion 2.3. 

A s e l e c t i o n  of t h e  d a t a  was analysed with t h e  he lp  of t h e  IBh1 370/165 

computer a t  Cambridge Univers i ty ,  using programmes from Genstat and t h e  

S t a t i s t i c a l  Package f o r  t h e  Socia l  Sciences. Each observat ion of a rh ino  

was numbered and descr ibed by 70 numerical v a r i a b l e s  t h a t  were t r ansc r ibed  

o r  ca l cu la t ed  from t h e  notebook d a t a  onto two 80 column computer coding 

forms per  encounter. The information was then punched onto cards and 

s to red  on magnetic t ape  by t h e  computer. 

Those v a r i a b l e s  of relevance mainly t o  s o c i a l  behaviour a r e  descr ibed  

i n  Sect ion 5.1.1: those  r e l evan t  t o  ecology a r e  l i s t e d ,  with b r i e f  com- 

ments, below. They f a l l  i n t o  t h r e e  main ca t egor i e s :  - (a) General, (b) 

Feeding and dr inking ,  (c)  Other a c t i v i t i e s .  

(a) General 

( i )  Date: day, month and year  

( i i )  Time 

( i i i )  Duration o f  observat ion i n  minutes 

( iv)  Location: def ined by an e i g h t  f i g u r e  g r i d  re ference  

on a 1:23,000 a e r i a l  photograph mosaic 

(v) Habi ta t  type: c l a s s i f i e d  a s  i n  Sect ion 2.1.5 

(vi)  Sex, age and i d e n t i f i c a t i o n  number of t h e  rhino. 

(b) Feeding and dr inking  

( i )  Time spent  feeding: c l a s s i f i e d  a s  grazing,  browsing 

o r  feeding  on aqua t i c  p l a n t s  



( i i )  Types of  food eaten: c l a s s i f i e d  i n t o  nine ca t egor i e s  

( i i i )  Occurrence of dr inking,  and whether from a r i v e r ,  l ake  

o r  wallow. 

(c) Other a c t i v i t i e s  

( i )  I n i t i a l  a c t i v i t y  

( i i )  Subsequent a c t i v i t i e s  and t ime spent  on them 

( i i i )  The number of changes i n  a c t i v i t y  during the  observat ion.  

4.1.1 Seasons 

Seasonal changes i n  weather and vegeta t ion  a r e  very rap id  i n  Chitawan, 

and it is  d i f f i c u l t  t o  d iv ide  t h e  year  i n t o  a number of  r e l a t i v e l y  d i s c r e t e  

seasons. However, i n  order  t o  study seasonal  changes i n  d i e t ,  a c t i v i t y  and 

movements, I divided t h e  year  i n t o  t h r e e  seasons of four  months dura t ion :  

(a) the  monsoon - June t o  September 

(b) winter  - October t o  January 

(c) spr ing  - February t o  May. 

I decided on t h e s e  d i v i s i o n s  a f t e r  cons ider ing  changes i n  both vege- 

t a t i o n  and weather. They a r e  obviously not  p e r f e c t ,  because seasonal  

changes a r e  continuous and a l s o  vary s l i g h t l y  from year  t o  year. For 

example, t he  temperatures a t  each end of  w in te r  and sp r ing  a r e  very d i f f e r -  

ent ,and the monsoon r a i n s  sometimes extended i n t o  October (Section 2.1.3).  

However, t h e  d i v i s i o n s  a r e  l a rge  enough t o  inc lude  s i g n i f i c a n t  numbers of  

observat ions i n  each season, and small enough t o  have common c h a r a c t e r i s t i c s  

of weather and vegetat ion.  

4.2 'Ihe s tudy of food s e l e c t i o n  

4.2.1 Short  term food se l ec t ion  

When it seemed l i k e l y  t h a t  I could keep a feeding rh ino  k d e r  



observat ion f o r  15 minutes o r  more, I kept  d e t a i l e d  records  of  t h e  food 

a v a i l a b l e  and the  food ea t en  by t h e  rhino. I recorded a l l  types of food 

ea t en  during each minute and a l l  p o t e n t i a l  food types which had been 

wi th in  reach of t h e  rh ino  during t h a t  minute. I judged what was wi th in  

reach of the  rh ino ,  bu t  t r e e s  with no branches below two metres were not  

considered p o t e n t i a l  food (although rh inos  d i d  occas iona l ly  push over such 

t r e e s  - Sect ion 4.3.6) .  I stopped recording when t h e  rh ino  was not  c l e a r l y  

v i s i b l e  - even f o r  only p a r t  o f  a minute - and r e s t a r t e d  when it came back 

i n t o  view. There were no such i n t e r v a l s  of  longer  than about f i v e  minutes. 

When t h e  spec ies  o r  genus of  p l a n t  could n o t  be determined, I used t h e  

c l a s s i f i c a t i o n s  of p l a n t  types shown i n  Tables 4.1 and 4.2. Each p l a n t  

type was scored on t h e  number of minutes dur ing  which it had been recorded 

a s  (a) wi th in  reach of and (b) ea ten  by t h e  rhino.  

I analysed a l l  such feeding records of over f i v e  minutes durat ion:  

t h e r e  were 143 observat ion per iods  t o t a l l i n g  2,592 minutes, d i s t r i b u t e d  

over each month and h a b i t a t  type and each s e x  and age c l a s s  of rhino.  

Deta i led  observat ions were normally made on only one ind iv idua l  a t  a t ime, 

bu t  simultaneous feeding records  of a cow and h e r  c a l f  were co l l ec t ed  on a 

few occasions. 

I der ived two i n d i c e s  f o r  each p l a n t  type. The u t i l i z a t i o n  index, 

a measure of t h e  con t r ibu t ion  of the  type t o  t h e  d i e t , i s  t h e  number of 

minutes during which t h a t  type was ea ten ,  expressed a s  a percentage of 

t h e  t o t a l  number of  minutes of the  observat ion.  The p r e f e r a b i l i t y  index, 

a measure of p r e f e r a b i l i t y ,  i s  the  number of minutes during which food 

of a c e r t a i n  type was ea t en ,  expressed as a percentage of t h e  number of  

minutes it was a v a i l a b l e  (as  defined above). This is s i m i l a r  t o  t he  

preference r a t i n g  discussed by Pe t r ides  (1975), with t h e  exception t h a t  

t he  p r e f e r a b i l i t y  index def ined  above never exceeds un i ty  o r  100%. 

n e r e  were two main problems a s soc i a t ed  with t h i s  method of  s tudying  



food se l ec t ion .  F i r s t l y ,  t h e  method involved recording only t h e  presence 

o r  absence o f  a  p a r t i c u l a r  p l a n t  spec ies  o r  type wi th in  reach of  a  rh ino  

during each minute. No f u r t h e r  measure was made of t h e  abundance of each 

spec i e s  o r  p l a n t  type,  and it would have been d i f f i c u l t  t o  do so. How- 

ever ,  Diners te in  (1975) made a  t o t a l  count of  t h e  ind iv idua l  p l a n t s  of  a l l  

spec ies  occurr ing i n  70 l m 2  p l o t s  of a  one metre wide s t r a i g h t  l i n e  t r a n s -  

e c t  across  t h e  Rapti  f lood  p l a i n  near  Sauraha. Using Dine r s t e in ' s  da t a ,  

I found a  s i g n i f i c a n t  p o s i t i v e  co r r e l a t ion  ( r  = +0.819, p  < 0.001) b e t -  s 

ween t h e  t o t a l  numbers o f  each spec ies  and t h e  t o t a l  numbers o f  metre 

squares  i n  which each spec ies  occurred. This  j nd ica t e s  t h a t  t h e  rider o f  

l m 2  p l o t s  i n  which a spec i e s  o r  p l an t  type occurs ,  can b e  used a s  a  rough 

guide t o  t h e  o r d e r  of abundance of t h e  spec ies  o r  p l a n t  type .  I t  follows 

t h a t  t h e  numbers o f  minutes during which a  p l a n t  type  i s  wi th in  reach o f  

a  rhino can be used as a  guide t o  t h e  a v a i l a b i l i t y  o f  t h a t  p l an t  type t o  

t h e  rhino.  

The second problem i s  t h a t  a v a i l a b i l i t y  a s  measured by t h i s  method 

r e f e r s  t o  where the rh ino  chooses t o  be ,  and hence t h e r e  is  some inherent  

b i a s .  The rhino s e l e c t s  i t s  route  and chooses how long it s t a y s  a t  any 

po in t  along i t s  route:  thus I was measuring t h e  a v a i l a b i l i t y  o f  p l an t s  

a f t e r  an i n i t i a l  s e l e c t i o n  by the  rhino. P r e f e r a b i l i t y  i nd ices  determined 

by t h i s  method should the re fo re  b e  regarded a s  measures of sho r t  t e n  food 

preferences.  The s tudy of  food s e l e c t i o n  over  t h e  long term and over  

l a r g e r  a reas  i s  considered i n  Section 4 . 2 . 3 .  

4.2.2 Examination o f  feeding t r a i  1s 

By following rh inos '  f resh  t r acks ,  I was ab le  t o  see  from the  f r e s h l y  

cu t  sur faces  of  grass  and browse, which p l a n t s  had been eaten.  T r a i l s  

were e a s i e s t  t o  follow i n  woodland; on sho r t  g ra s s  they  were c l e a r l y  

v i s i b l e  only  when made i n  t h e  e a r l y  morning wi th  delv on t h e  ground, o r  



when t h e  ground was very wet. I recorded which p l a n t s  were ea ten  by 

rhinos along these  t r a i l s ,  and used the  r e s u l t s  t o  add t o  t h e  l is t  o f  

food p l a n t s  (Appendix D ) .  

I hoped t o  be a b l e  t o  quan t i fy  t h e  number o f  food types a v a i l a b l e  

and ea t en  i n  one metre sect ions of  the  feeding  t r a i l s ,  bu t  i t  proved too 

d i f f i c u l t  t o  record accu ra t e ly  a l l  t h e  food types  ea ten  and t o  exclude 

s t r e t c h e s  o f  the  t r a i l  where no feeding took p l ace .  Furthermore, even 

i f  it had proved poss ib l e ,  u t i l i z a t i o n  and p r e f e r a b i l i t y  i nd ices  der ived  

from observat ions r e l a t i n g  t o  space alone would have had l e s s  meaning 

than  the  same ind ices  der ived from timed observa t ions  (as  descr ibed i n  

Sect ion 4.2.1).  

4 .2.3 Lone term food s e l e c t i o n  

I summarized d a t a  c o l l e c t e d  during a l l  observa t ions  of feeding 

rh inos  (Section 4.1) t o  desc r ibe  t h e  rh inos '  d i e t  i n  d i f f e r e n t  h a b i t a t s  

and seasons. In  o rde r  t o  i n v e s t i g a t e  long term o r  l a rge  s c a l e  food 

s e l e c t i o n ,  I measured t h e  a v a i l a b i l i t y  o f  rh ino  food i n  d i f f e r e n t  

h a b i t a t s  a t  d i f f e r e n t  t imes o f  t h e  year.  I walked along s t r a i g h t  l i n e  

t r a n s e c t s  through t h e  s tudy  a r e a  and recorded t h e  frequency of d i f f e r e n t  

p l a n t  spec ies  and p l a n t  types .  For each pace (approximately one metre 

length)  of t h e  t r a n s e c t ,  I considered a l l  p l a n t s  wi th in  reach .of my arms 

bu t  below t h e  l e v e l  of t h e  top  of  my head. This  i s  an a r e a  on t h e  ground 

of about 1. 6m2 and a volume of about 2 .gm3. Trees with no branches below 

my head he ight  were not  considered as  p o t e n t i a l  food (but see Sect ion 

4.3.6) .  

There were 26 t r a n s e c t  l i n e s ,  d i s t r i b u t e d  over  most h a b i t a t  types 

(corresponding approximately with t h e  vegeta t ion  c l a s s e s  descr ibed i n  

Sect ion 2 . 1  .S), and t h e  l i n e s  o f  i nd iv idua l  t r a n s e c t s  were chosen so  t h a t  

each was confined wi th in  a p a r t i c u l a r  h a b i t a t  type .  There was enough 



v a r i a t i o n  i n  vege ta t ion  i n  some h a b i t a t  types  t o  b e  ab le  t o  d i s t i ngu i sh  

h a b i t a t  sub-types (corresponding approximately t o  t h e  vegeta t ion  types 

descr ibed i n  Sec t ion  2.1 .S) . In t hese  cases ,  t r a n s e c t s  were a l igned  so  

a s  t o  include s t r e t c h e s  of each h a b i t a t  sub-type i n  approximate propor- 

t i o n  t o  each one ' s  a r e a  (determined from a e r i a l  photographs and my know- 

ledge o f  t h e  ground). 

In o rde r  t o  study seasonal  changes i n  a v a i l a b l e  p l an t  food, I walked 

each t r a n s e c t  l i n e  fou r  t imes during one year  a t  i n t e r v a l s  o f  approx- 

imately t h r e e  months. In addi t ion ,  two t r a n s e c t s  were walked a t  t he  same 

season i n  subsequent years  t o  measure changes between years  r e s u l t i n g  from 

t h e  exclusion o f  domestic s tock.  Data were recorded f o r  a  t o t a l  o f  40,400 

metre s e c t i o n s  o f  t r a n s e c t s .  

The 26 t r a n s e c t  l i n e s  descr ibed above were confined t o  uncu l t i va t ed  

a reas .  In c u l t i v a t e d  land, I walked t r a n s e c t s  i n  the  crops a t  c e r t a i n  

t imes o f  the  year  i n  o rde r  t o  monitor c rop- ra id ing  by rhinos.  I t  was 

poss ib l e  t o  record accu ra t e ly  from t h e i r  f o o t p r i n t s  and s igns  of  feeding,  

whether rh inos  had f e d  o r  not  i n  each one pet re sec t ion  o f  t he  t r a n s e c t  . 
I  measured u t i l i z a t i o n  by t h e  proport ion of  :!letre s ec t ions  in  which t h e r e  

were s igns  o f  feedixg . 

4.2.4 Faecal examination 

While walking, I examined by eye a l a rge  number of  f r e sh  rhino 

faeces .  A t  t h e  beginning of  the s tudy I  c l a s s i f i e d  f r e sh  dung according 

t o  t h e  abundance of  g ra s s  and browse. However, g rass  was much more f requent  

than browse, and t h e  occurrence o f  la rge  amounts o f  browse d id  l i t t l e  more 

than i n d i c a t e  t h e  loca t ion  o f  t he  dung. I continued t o  examine dung b u t  

only noted t h e  occurrence of leaves o r  seeds which could be i d e n t i f i e d  and 

added t o  t h e  l ist  o f  food p l an t s  (Appendix D), unusual contents  such a s  

m01 l u s c s  which ind ica t ed  feeding on aqua t i c  p l an t  S ,  o r  seeds o f  a g r i c u l t u r a l  



crops which ind ica t ed  feeding i n  t h e  f i e l d s .  

4.2 .5 Plant  i d e n t i f i c a t i o n  

I co l l ec t ed  specimens of each p l an t  spec i e s  which I found i n  t h e  

rh inos '  h a b i t a t s .  I used t h e  l o c a l  Tharu and Nepali names f o r  some spec i e s  

and I assigned numbers t o  o the r s  f o r  easy reference u n t i l  I could match 

them with t h e  bo tan ica l  name. I co l l ec t ed  t e r r e s t r i a l  p l a n t s  i n  p re s ses ,  

and d r i e d  them over an open f i r e ,  changing t h e  papers  s eve ra l  t imes be fo re  

the  p l a n t s  were s u f f i c i e n t l y  d r i ed .  Aquatic p l a n t s  were preserved i n  

a lcohol  and formalin.  

F ina l  i d e n t i f i c a t i o n  o f  t h e  p l an t s  was done a t  t h e  Department o f  

bledicinal P l an t s ,  Kathmandu, t h e  Royal Botanic Gardens, Kew, and t h e  

B r i t i s h  bluseum (Natural H i s to ry ) ,  London. Reference c o l l e c t i o n s  o f  a l l  

t h e  g ra s s  spec ies  have been deposi ted a t  Kew and Kathmandu. A re ference  

c o l l e c t i o n  o f  some o f  t h e  o t h e r  spec ies  has  been deposi ted a t  t h e  B r i t i s h  

Museum (Natural  His tory) .  A f u l l  l ist  o f  a l l  i d e n t i f i e d  spec ies  arranged 

according t o  f ami l i e s  is  given i n  Appendix D .  

Resul t s  

4.3 Feeding ecology 

4.3.1 Diet 

P a r t s  of 183 spec i e s  o f  p l an t s  from 57 d i f f e r e n t  bo tan ica l  f ami l i e s  

were found t o  have been ea ten  by rhinos during t h e  s tudy  period.  These 

spec ies  a r e  i nd ica t ed  by a s t e r i s k s  on t h e  f u l l  l i s t  o f  co l l ec t ed  p l an t  

spec i e s  i n  Appendix D.  I recorded spec i e s  a s  ea ten  by  rh inos  a f t e r  one 

o f  t h r e e  types o f  observation: - 

(a) d i r e c t  observa t ion  o f  rhinos feeding ,  



(b) observat ions o f  vegetat ion showing s igns  o f  feeding by 

rhinos (Sect ion 4.2.2),  

(c)  observa t ions  o f  p l an t  remains i n  rhino dung (Section 4 .2 .4) .  

Plant  spec ies  were c l a s s i f i e d  i n t o  s i x  major ca tegor ies  (shown i n  

Table 4 .1 ) .  The f i v e  most f requent ly  recorded food spec ies  i n  each ca t e -  

gory a r e  l i s t e d  i n  Table 4 .1  with t h e  nunbers o f  occasions on which each 

was recorded ea ten .  I counted a  maximum o f  one feeding record pe r  spec i e s  

f o r  each observat ion per iod ,  feeding t r a i l  o r  defeca t ion .  Table 4.1 shows 

c l e a r l y  t h a t  t h e  major i ty  o f  feeding observa t ions  were on -a small percent -  

age o f  the  spec ies  o f  food p l a r ~ t s .  Apart from t h e  acc identa l  i nges t ion  o f  

small  aqua t i c  i n v e r t e b r a t e s  and one repor ted  case o f  a  rhino e a t i n g  d r i e d  

f i s h  (J .H. Blower, pe r s .  comm., 1973), t h e r e  was no evidence t h a t  rhinos 

departed from a p l a n t  d i e t .  

There a r e  obviously b i a s e s  i n  Table 4.1 towards those p l a n t  spec i e s  

(a) with which I was most f ami l i a r ,  

(b) from h a b i t a t s  which I v i s i t e d  most f requent ly ,  

(c) from h a b i t a t s  where t h e  v i s i b i l i t y  was b e s t ,  

(d) which showed t h e  most obvious s igns  o f  feeding  by rhinos,  

(e) which were most e a s i l y  i d e n t i f i e d  i n  rhino dung. 

I overcame t h e  first b i a s  t o  some e x t e n t  by c l a s s i f y i n g  food i tems 

i n t o  a number of types between which I could d i s t i ngu i sh  with much l e s s  

b i a s  than between spec ies .  I have sub-divided t h e  s i x  ca tegor ies  o f  Table 

4.1, a s  shown i n  Table 4.2, t o  show the  frequency with which each type  o f  

food item was recorded ea ten  by rhinos.  Here, i n  o r d e r  t o  overcome b i a s e s  

(d) and (e), I have included records only o f  d i r e c t  observat ions of  rh inos  

feeding. The main e f f e c t  o f  t h i s  i s  t o  reduce s u b s t a n t i a l l y  the  nunbers 

o f  feeding records o f  t r e e s  and sap l ings .  However, they  a r e  probably under- 

represented i n  Table 4.2 because most t r e e s  and sapl ings  a r e  i n  h a b i t a t s  

where t h e  v i s i b i l i t y  i s  poor,and a r e  t he re fo re  a f f e c t e d  by b i a s  (c) ( see  

below, Sect ion 4 . 3 . 2 ) .  



Table 4.1. The numbers of feeding records for the five most frequently 
recorded rnino @od species i n  each o f  six categories. 

Category and spec ies  

(a) Short  g r a s s e s  : Qnodon dactylon 

Paspalidium fZavi&m 

Setaria pallide-fuaoa 

Chrysopogon aciculatus 

Imperata cytindrica 

25 o t h e r  s p e c i e s  

(b) T a l l  g r a s s e s  and Sacchancn spontaneum 
reeds  S. munja 

Narenga porphyroooma 

Phrqmites karka 

Theme& vilZosa 

15 o t h e r  s p e c i e s  

(c) Sedges, h e r b s ,  smal l  Q p e w  digitatua 
c reepers  and f e r n s  ' 

C. pilosus 

P o l y g m  plebyjum 

Age~tUm canyzoides 

Erigeran bonariensis 

54 o t h e r  s p e c i e s  

(d) Shrubs : Calliccrrpa mczcrophylla 

Artemhia vulgaris 

Eupatoriwn odomtam 

Solanwn indimm 

Colebmokia opposit i  fol ia 

17 o t h e r  s p e c i e s  

(e) Trees  and s a p l i n g s  : Tmwio nudif b r a  

Litsaea monopetaka 

h m n a  in tegr i fo l ia  

h r r a y a  koenig ii 
Ehretia b v i s  

34 o t h e r  s p e c i e s  

(f) Aquatic p l a n t s  : HydriZla verticz~ZZata 
Valtisneria spiral is  

Pis t ia  s t ra t io te s  

Hygmrhyza ar is ta ta  

Potamqeton crispwn 

8 o t h e r  s p e c i e s  

Number o f  
feeding records  

745 

110 

104 

82 

5 4 

188 

1203 

802 

79 7 

85 

74 

104 

63  

5 7 

3 8 

19 

18 

238 

172 

63 

2 9 

22 

17 

6 7 

6 7 

4 2 

32 

18 

17 

5 1 

403 

403 

403 

3 7 

3 7 

ho t  recorded 



Table 4.2. The nwnbers o f  direct observations of rhinos feeding on 
various types o j fbod. 

Some spec ies  con t r ibu te  t o  more than one type of  food item i n  Table 

Food type 

(a) Short  g r a s se s  

( i )  Imperata cyZin&ca 

( i i )  Other w i ld  spec i e s  (mainly Cynodon dactylon) 

( i i i )  Oryza s a t h a  ( r i c e )  

( i v )  Triticwn arvense (wheat) 

(b) Ta l l  g r a s se s  and reeds  

(i) Vetiveria spp., Cyrnbopogon spp, 

( i i )  Saccharm spp., Narenga (mature) 

( i i i )  Saccharurn spp., Narenga (burn t )  

( i v )  S a c c h  spp., Narenga (young) 

(v) Themeda spp. (mature) 

(v i )  Themeda spp. (burnt)  

( v i i )  T h e d a  s p ~  (young) 

( v i i i )  Reeds (Armdo, Phrqmites, Typha, Thyrsia) 

( i x )  Zea mays (maize) 

(c) Sedges, herbs ,  small  c reepers  and f e r n s  

( i )  Sedges 

( i i )  Herbs 

( i i i )  Ferns 

( iv)  Creepers  

(v) L e n t i l s  

(v i )  Mustard 

(d) Shrubs 

(e) Trees and s a p l i n g s  

( i )  Sapl ings 

( i i )  Mature t r e e s  ( leaves  +branches)  

( i i i )  Fa l l en  f r u i t s  and flowers 

( i v )  Banana (Musa haZbisianu) 

( f )  Aquatic p l a n t s  

( i )  Submerged e.g. Hydrilla 

( i i )  F loa t ing  e.g. Potamcgeton 

4 . 2 .  For ins tance ,  both t h e  leaves and f r u i t s  o f  t h e  t r e e  Trewia nudiflora 

Number of  
observat ions 

54 

872 

36 

17 

31 

65 1 

210 

1101 

16 

17 

54 

9 0 

10 

142 

190 

2 4 

18 

27 

2 '  

29 2 

5 4  

23 

7 7 

2 

40 3 

37 



and t h e  leaves and f a l l e n  flowers of t h e  t r e e  Bombacc ceiba were ea t en .  I 

have included c u l t i v a t e d  p l a n t s  such a s  r i c e ,  wheat and maize under t h e  

same ca tegor ies  a s  used f o r  wi ld  spec ies .  

4.3.2 Var ia t ion  of d i e t  with h a b i t a t  t ype  and seasons 

I t  can be seen from Table 4.2 t h a t  g ra s ses  - mainly t a l l  g rasses  - 

were t h e  most commonly recorded type o f  food. However, t h e r e  was an un- 

even d i s t r i b u t i o n  of t he  observa t ions  over  h a b i t a t s  and seasons.  I t h e r e -  

f o r e  considered f i v e  h a b i t a t s  s epa ra t e ly  and p l o t t e d  i n  Fig. 4.1 t he  

proport ions of feeding observa t ions  on each o f  var ious ca t egor i e s  o f  food 

i tems.  I included only  t h e  f i r s t  food i tem t o  be  eaten during each obser -  

va t ion .  This  was because v i s i b i l i t y  va r i ed  considerably between h a b i t a t  

types  (Sect ion 2.3) a n d , i f  I included a l l  feeding  observat ions , t he re  would 

be  a b i a s  towards g r e a t e r  v a r i e t y  i n  t he  h a b i t a t s  where t h e  v i s i b i l i t y  was 

b e s t .  

There a r e  c l e a r  d i f f e r ences  between t h e  h a b i t a t s  i n  t h e  propor t ions  

o f  t h e  d i e t  made up by t h e  d i f f e r e n t  ca t egor i e s  o f  food items (X2  = 317.2 

p < 0.001). Furthermore, t h e  composition of  t h e  d i e t  i n  each h a b i t a t  

changed considerably according t o  t h e  season. Fig. 4.2 shows t h e  same 

d a t a  a s  Fig. 4 .1 d iv ided  i n t o  t h e  observa t ions  made i n  t h e  t h r e e  seasons 

o f  the  year (Sect ion 4.1.1) .  There a r e  s i g n i f i c a n t  seasonal  d i f fe rences  

i n  t h e  d i e t  i n  each h a b i t a t  type (p < 0.001, X2 values shown i n  Fig. 4 .2) .  

'Ihe main seasonal  change i n  d i e t  i n  t h e  t a l l  g rass land  was i n  t h e  

r e l a t i v e  proport ion o f  young and mature S a c c h a m  grasses .  There were 

a l s o  more observa t ions  of  grazing on s h o r t  g r a s s  during t h e  monsoon and 

the  win ter ,  and o f  browsing during t h e  win te r .  The same t rends  were p re -  

va len t  i n  t he  s h o r t  g rass land  and r iver -beds ,  although t h e  r e l a t i v e  pro-  

po r t ion  o f  young t o  mature Sacchamm gras ses  d id  not  change so much. 'Ihe 

o t h e r  major seasonal  changes were i n  t h e  r i v e r i n e  f o r e s t  and scrub.  Tall 



I Fruits 

Shrubs.saplings 
and trees 

Short grasses. 
sedges and herbs 

Tall grass U W,, 
Tall grass 
(mature) 

n= 1329 784 3 21 26s 175 
Habitat: TG SG T RF SC 

TG = T a l l  g r a s s l a n d  SG = Shor t  g r a s s l a n d  T  = T a l s  RF = R i v e r i n e  f o r e s t  
SC = Scrub 

O v e r a l l  X2 = 317.2 p  < 0.001 

Fig. 4.1. The d i s t r i b u t i m  of  f irst  feeding observations acmss seven 
di f ferent  food items i n  five d i f f e r ~ n t  habitat types. 

g r a s s e s  predominated i n  t h e  feed ing  o b s e r v a t i o n s  i n  r i v e r i n e  f o r e s t  i n  t h e  

s p r i n g ,  and s h o r t  g r a s s e s  and f r u i t s  d u r i n g  t h e  monsoon. Browsing p r e -  

dominated o v e r  g r a z i n g  dur ing  t h e  w i n t e r .  

I n  sc rub ,  which was u s u a l l y  d r i e r  t h a n  t h e  s h o r t  g r a s s l a n d  and r i v e r -  

beds ,  rh inos  browsed predominantly d u r i n g  t h e  s p r i n g ,  b u t  grazed e x t e n s i v e l y  

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





t h e  win ter .  

4.3.3 Food avai  l a b i  l i t y  

The d a t a  from the  vegeta t ion  recording t r a n s e c t s  (Section 4.2.3) a r e  

summarized i n  Fig. 4.3.  I t  can be seen t h a t  t h e  quan t i t y  and q u a l i t y  of 

food var ied  considerably between h a b i t a t s ,  and between seasons 

wi th in  h a b i t a t s .  Furthermore, t he  var ious  h a b i t a t  sub-types (Section 4.2.3) 

fo r  which t h e  da t a  a r e  no t  shown i n  Fig. 4.3, d i f f e r e d  considerably i n  

vege ta t ion  composition. I t  should be remembered, t he re fo re ,  t h a t  t h e  

demonstrated e f f e c t s  of  h a b i t a t  d i s t r i b u t i o n  and seasona l i t y  on t h e  feed- 

i ng  behaviour and movements of  rhinos (Sect ions 4.3.4 and 4.6.1) a r e  g r e a t  

s i m p l i f i c a t i o n s .  There a r e  many o t h e r  in f luences  which could be demon- 

s t r a t e d  us ing  a f i n e r  c l a s s i f i c a t i o n  o f  h a b i t a t  t ypes .  

The most marked seasonal  changes were i n  t h e  t a l l  grassland,  i n  t h e  

r e l a t i v e  propor t ions  of young t o  mature t a l l  g r a s ses .  Burning o f  t h e  t a l l  

g rass land  during February w a s  followed by lush  regrowth o f  t h e  Saccharwn 

type  grasses ,  and t h i s  regrowth dominated t h e  burn t  t a l l  grass land  f o r  

t h ree  months, before  reaching maturi ty  during t h e  monsoon (Section 2.1.5.3).  

Charred stems of g ra s ses  and shrubs a l s o  become a v a i l a b l e  a f t e r  f i r e s  i n  

t h e  t a l l  g rass land ,  and were sought a f t e r  by rhinos (Section 4.3.5).  

During t h e  monsoon, s h o r t  g rasses ,  f e r n s  and creepers  increased i n  abund- 

ance i n  open patches.  

In t h e  s h o r t  g rass land ,  r iver-beds and scrubby a reas ,  t h e r e  was an 

inc rease  i n  a v a i l a b l e  food - mostly s h o r t  g ra s s  o r  Sacchanun spontcnzeum 

on sandy r iver -beds  - j u s t  be'fore, and during t h e  e a r l y  p a r t  o f  t h e  mnsoon 

(Section 2 .l .5 .4 ) .  Floods of ten  caused a decrease i n  a v a i l a b i l i t y  l a t e r  

on, e i t h e r  by permanent inundation, o r  by ex tens ive  deposi t ion o f  s i l t .  

Short g rass ,  herbs ,  fe rns ,  sedges and creepers  increased i n  abundance i n  

r i v e r i n e  f o r e s t  during t h e  monsoon, and the  f a l l e n  f r u i t s  o f  Trewia nudiflora 
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became ava i l ab l e  t h e r e  dur ing  June and J u l y .  In  a g r i c u l t u r a l  land,  

maize p l a n t s  were a v a i l a b l e  from June t o  August, r i c e  from August t o  

December and wheat and mustard from December t o  March (Section 

2  .l .S . 7 ) .  In add i t i on ,  herbs and g ra s ses  became more abundant i n  

t he  f i e l d s  during t h e  monsoon: rhinos o f t e n  a t e  t hese  t o  a  g r e a t e r  

ex t en t  than the  p l an ted  crops.  Aquatic p l a n t s  were ava i l ab l e  i n  t a l s  

t h e  year  round, but  during t h e  monsoon they  were o f t e n  d i f f i c u l t  f o r  

rh inos  t o  reach. In t h e  r i v e r s ,  aqua t i c  p l a n t s  were o f t en  swept away 

by f loods  during t h e  monsoon, bu t  were e a s i l y  reachable during t h e  

win te r  and sp r ing .  

Seasonal v a r i a t i o n s  i n  food a v a i l a b i l i t y  have been emphasised 

above, b u t  t h e r e  were a l s o  considerable  unpredic tab le  v a r i a t i o n s  both  

i n  t ime and space.  Floods washed away a reas  o f  f o r e s t  and the  r e s u l t -  

i n g  sandbanks became covered i n  grass  i n  t h e  fol lowing year .  F i r e s  

were a l s o  unpredic tab le  i n  t h e i r  l oca t ion  and t iming,  and r e s u l t e d  in 

widely d i f f e r e n t  d i s t r i b u t i o n s  of  food resources between years .  ~t 

appeared t h a t  some grass lands  could only be burnt  i n  a l t e r n a t e  yea r s .  

4 . 3 . 4  Seasonal changes i n  the  use  o f  d i f f e r e n t  h a b i t a t  

types  f o r  feeding 

Rhinos a l t e r e d  t h e i r  d i e t s  s easona l ly  wi th in  each h a b i t a t  type ,  

and t h e  a v a i l a b i l i t y  o f  food var ied  considerably between h a b i t a t s ,  and 

between seasons within h a b i t a t s  (Sect ions 4 . 3 . 2  and 4 . 3 . 3 )  . I examine 

he re  t h e  ways i n  which rh inos  changed t h e i r  d i e t  by seasonal  changes i n  

t h e i r  use of d i f f e r e n t  h a b i t a t s .  

Fig. 4 . 4  shows t h e  r a t e s  o f  s i g h t i n g s  o f  feeding rhinos i n  each o f  

t he  major h a b i t a t  types  f o r  each calendar  month. There were s l i g h t  v a r i -  

a t i o n s  between years .  I t  i s  c l e a r  from Fig. 4 . 4  t h a t  t h e  r a t e s  of  s i g h t i n g s ,  
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W: = T a l l  g rass land ,  A = Short  grass land ,  0 = Ta l s ,  

0 = Riverine f o r e s t ,  A = Scrub. 

F i g .  4 . 4 .  The rates of sighting9 of  feeding rhinos i n  five habitat 
types i n  each caZendar month. 

expressed a s  the  n u d e s  o f  rhinos seen p e r  10 hours  o f  searching t ime,  

va r i ed  considerably over  t he  year .  This sugges ts  t h a t  rhinos were m v i n g  

between h a b i t a t  t ypes ,  and were feeding predominantly i n  t h e  t a l l  grass land  



during February t o  Flay and i n  t h e  sho r t  g ra s s l and  and r iver -bed  h a b i t a t s  

i n  June and J u l y .  Recently burned areas  o f  t a l l  grass land  were p a r t i c u l a r l y  

a t t r a c t i v e  t o  rh inos .  Patches of unburned grass  nea r  my machans were 

o f t en  no t  v i s i t e d  by rh inos  f o r  severa l  days b u t ,  immediately a f t e r  t hey  

were burned, rhinos s t a r t e d  t o  e a t  f irst  t h e  ashes and l a t e r  t h e  young 

shoots  o f  g ra s s .  

Although t h e r e  i s  no doubt t h a t  rh inos  moved i n t o  burned a reas ,  t h e r e  

a r e  a l t e r n a t i v e  explanat ions f o r  some of  t h e  o t h e r  v a r i a t i o n s  i n  r a t e s  of 

s igh t ings .  The most obvious is t h a t  t h e  v a r i a t i o n s  are caused by seasonal  

changes i n  the  v i s i b i l i t y  of  t h e  rh inos .  The main d i f fe rences  i n  v i s i b i l i t y  

were caused by t h e  burning o f  the g ra s s  i n  t h e  t a l l  grassland i n  February 

and March, and t h e  subsequent regrowth o f  t h i s  grass  t o  a  he ight  s u f f i c i e n t  

t o  h ide  rh inos  by Flay o r  June. In add i t i on ,  g ra s s  growth i n  t h e  r iver -beds  

and s h o r t  g rass land  reduced v i s i b i l i t y  i n  June and J u l y ,  and f looding 

reduced v i s i b i l i t y  p e r i o d i c a l l y  i n  t h e  r iver -beds  throughout t h e  monsoon . 
In genera l ,  t h e  v i s i b i l i t y  decreased f r o m  June t o  December and then  

increased  again.  Changes i n  v i s i b i l i t y  a r e  considered i n  more d e t a i l  i n  

Sec t ion  4.6 where t h e  a c t u a l  movements o f  rh inos  a r e  considered. Here it  

i s  s u f f i c i e n t  t o  no te  t h a t  although t h e  h ighes t  r a t e s  of s igh t ings  i n  t a l l  

grassland were during t h e  season of b e s t  v i s i b i l i t y ,  those i n  sho r t  g ra s s -  

land, r iver-beds and scrub were during t h e  seasons o f  poorest v i s i b i l i t y .  

Thus t h e  changes i n  r a t e s  of s igh t ings  probably do r e f l e c t  changes i n  t he  

rh inos '  feeding behaviour and seasonal d i f f e r ences  i n  t h e  amount o f  feed-  

i ng  done i n  each type  o f  h a b i t a t .  

4 . 3  . S  Pr inc ipa l  foods and p re fe r r ed  foods 

I t  was shown above t h a t  rhinos changed t h e i r  d i e t s  over t h e  year ,  

both wi th in  h a b i t a t  types and a l s o  by moving between h a b i t a t  types.  In 

t h i s  s ec t ion  I  examine va r i a t i ons  i n  p r i n c i p a l  foods and sho r t  term food 



preferences with re ference  t o  d a t a  c o l l e c t e d  during d e t a i l e d  observa t ions  

of feeding rh inos  (Sect ion 4.2.1) . 
I  lumped a l l  observa t ions  i n  each h a b i t a t  type  and season and counted 

t h e  number o f  minutes during which each food type was a v a i l a b l e  and t h e  

number of minutes during which it was eaten by rh inos  (da t a  i n  Appendix G ) .  

In genera l ,  a wide v a r i e t y  of food types were ea ten  b u t  t h e  bulk o f  t he  

d i e t  cons is ted  o f  r e l a t i v e l y  few types .  E ighty- three  (64.3%) of  t h e  129 

a v a i l a b l e  food types  were recorded a s  ea ten  by rh inos ,  whereas only 24 

types  (18.6%) were ea t en  f o r  more than 10% o f  t h e  minutes of  observat ion 

i n  any h a b i t a t  o r  season. 

Table 4.3 shows t h e  numbers of d i f f e r en t  food types a v a i l a b l e  and 

t h e  numbers recorded eaten during observat ion per iods  i n  each h a b i t a t  and 

season. In h a b i t a t s  o t h e r  .than sal f o r e s t  and a g r i c u l t u r a l  land,  t h e  pro- 

p o r t i o n  of  a v a i l a b l e  food types  t h a t  were ea t en  va r i ed ,  according t o  

season and h a b i t a t ,  from 30% t o  100% (T = 62.8  + 18.0) .  Those food types 

ea ten  during more than 10% o f  t h e  minutes o f  observat ion comprised between 

8% and 80% (X = 23.2 + 18.1) of  t h e  a v a i l a 5 l e  t ypes .  In t h e  s a l  f o r e s t ,  

Themeda viZZosa was ea ten  almost exc lus ive ly ,  a p a r t  from a few young s a l  

leaves and two o t h e r  spec i e s  of  grass .  In t h e  a g r i c u l t u r a l  land,  r i c e  and 

wheat were s i m i l a r l y  p re fe r r ed .  However, t h e  r e s u l t s  a r e  l e s s  r e l i a b l e  f o r  

t h e s e  two h a b i t a t s ,  because t h e r e  were few observat ions i n  t h e  s a l  f o r e s t ,  

and a l l  observat ions i n  t h e  f i e l d s  were made a t  n i g h t .  

A t  l e a s t  20 o f  t he  common s a l  f o r e s t  t r e e s  and shrubs were not  ea ten  

although they  were a v a i l a b l e  during more than 10% of t h e  minutes o f  obser- 

va t ion  (Appendix G ) .  In  t h e  o t h e r  h a b i t a t s ,  a t o t a l  o f  only 20 p o t e n t i a l  

food types  were not  ea ten  i n  c e r t a i n  h a b i t a t s  and seasons although they  

were a v a i l a b l e  during more than 10% of  t h e  minutes o f  observation (Table 

4 . 4 ) .  However, 17 o f  t h e s e  were recorded as ea ten  by rhinos i n  o t h e r  

h a b i t a t s  o r  seasons.  Thus, only t h r e e  of  t h e  abundant types ,  ~aZotropis 



Table 4.3. The numbers of food types available and eaten during det- 
ailed observations of feeding in each habitat and season. 

Table 4 .4 .  Potential food types not eaten by rhinos atthowh avaiZabZe 
d h n g  more than 10% o f  the minutes o f  detailed observation. 

N h e r  o f  
minutes 
observed 

861 

683 

U) 1 

3 35 

172 

44 

196 

Number of  food types 

gigantea, Cleradendron vbcoswn and t h e  f o l i a g e  o f  Trewia nudiftora were 

completely avoided (discussed i n  Sect ion 4.7.1) . 
I ca l cu la t ed  t h e  u t i l i z a t i o n  and p r e f e r a b i l i t y  ind ices  (explained i n  

Sect ion 4.2.1) f o r  each h a b i t a t  and season, o f  a l l  food types which he re  

Season 

Habi ta t  

T a l l  g rass land  

Short  grassland/  
River bed 

Tal/Reeds 

River ine  f o r e s t  

Scrub 

Season 

Habitat 

Ta l l  grassland 

Short grass land 

Tals 

Riverine fores t  

Scrub 

Sal  fores t  

Agricultural  land 

ONW 

FhfF1AM 

B u n b a x  wibu  
Trevia nudiflom 

C. oppositifb2ia 

C l e r o d s w h n  &corn 
C. oppoeitifolia 
T.  n u d i j b m  

I. cytindrica 
Otalis corniculata 
C. gigantea 
C. oppositifo2ia 
2. jujuba 
titaaea mbllbpetata 
B. ceiba 
T .  nudiflora , 

JJAS 

Eaten 

d:?:: 
minutes 

4 

S 

4 

4 

3 

l  

2 

Available 

24 

20 

5 

2 1 

16 

30 

15 

FFWf 

Food t y p e s  ( f o l i a g e )  

Eaten 

18 

l5 

5 

11 

' 9  

S 

7 

Eaten 

2;':: 
minutes 

8 

S 

4 

3 

3 

2 

Available 

2 2 

19 

9 

29 

23 

14 

JJAS 

Artemisia vuZg&s 
Ca L Licarpa mcmp@ 2 La 
CoLebmokia oppositijbLia 
Pogostemm bengalensis 
Ziztlphus jy'uba 
&nchinia mahbarimm 
Unident i f ied  c reeper  

A. vulgaris 

Gonostegia pentancfra 
~ ~ c h u r u m  nwa,ja 
A. v~c2garia 
C. oppositifolia 
T .  nudiflom 

C. p e n t a n k  
2 .  j y jFa  
T .  nudzflom 

Eatcn 

9 

14 

8 

12 

15 

2 

Eaten 

1;;':: 
minutes 

4 

2 

3 

4 

2 

2 

Available 

36 

24 

18 

36 

19 

10 

ONDJ 

Calotropis gigantea 
T r d a  nudiflora 

C. oppositijblia 

Impemta cylindriec2 
Chrysopogon acicuZatus 
A.  v u l ~ a r i s  
C. oppositifolia 
B. ceiba 
f. nudif2om 

I. cyhindrica 
C. gigantea 
C. oppositifoZia 
M. phillipineneis 

Eaten 

2 5 

l2 

13 

20 

6 

3 
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ea ten  during more than 2% o f  the minutes o f  observat ion b l o t t e d  in Fig. 

4.5) .  'The u t i l i z a t i o n  index i s  a  measure o f  t h e  importance o f  t h e  food 

type i n  t h e  d i e t ,  and t h e  p r e f e r a b i l i t y  index is a  measure of  t h e  degree 

t o  which the food i s  sought out o r  s e l e c t e d .  There a r e  very obvious d i f -  

ferences between seasons and between h a b i t a t s  in both ind ices .  

Young shoots  o f  t h e  t a l l  g rasses  made up t h e  bulk of t he  d i e t  i n  t h e  

t a l l  g rass land  i n  s p r i n g ,  and they were a l s o  t h e  most p re fe r r ed  i tems 



(Fig.  4 .5a) .  During t h e  monsoon, however, s h o r t  g rasses  such as Cynodon 

dac ty lon ,  and t h e  t a l l  g r a s s  Saccharnon spontanewn were ea ten  most, bu t  

they were not  t h e  most h igh ly  p re fe r r ed  food types .  Aquatic p l a n t s  such 

as HydriZZa v e r t i e i  llata and Cercrtophg ZZwn dmerswn,  t h e  grass  Vet iver ia  

z izanoides ,  and t h e  young shoots  of Narenga porphyrocoma were more h igh ly  

p r e f e r r e d ,  although they  made up a sma l l e r  propor t ion  of  the  d i e t .  There 

i s  a  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  between t h e  u t i l i z a t i o n  and p r e f e r -  

a b i l i t y  i n d i c e s  i n  t h e  t a l l  g rass land  i n  s p r i n g ,  and a  s i g n i f i c a n t  nega t ive  

c o r r e l a t i o n  i n  t he  monsoon (Table 4.5).  

Table 4.5. The r e l a t i o n s h i p  between the u t i l i z a t i o n  and t he  p r e f e r  
a b i l i t y  of food types according to h a b i t a t  and season. 

rs = Spearman rank c o r r e l a t i o n  c o e f f i c i e n t  

N = the  number o f  food types  ea ten  during more than 2% o f  t h e  minutes of 
time sampling observat ions  

ns = not s i g n i f i c a n t  a t  t h e  0.05 l e v e l .  

Season 

Habi ta t  

Tal l  grass land 

Short grassland 

Tal S 

Riverine f o r e s t  

Scrub 

Theore t i ca l ly ,  a rh ino  would do b e s t  t o  f eed  i n  an a r e a  where i t s  most 

h igh ly  p r e f e r r e d  food types  a r e  most abundant. P r e f e r a b i l i t y  i nd ices  

obviously change according t o  what i s  ava i l ab l e .  Therefore,  I have used 

the  c o r r e l a t i o n  c o e f f i c i e n t s  between u t i l i z a t i o n  and p r e f e r a b i l i t y  i n d i c e s  

i n  each h a b i t a t  and season (Table 4.5) t o  i n d i c a t e  which a r e  t h e  optimum 

h a b i t a t  types  f o r  feeding i n  each season. 

Table 4.5 shows t h a t  t a l l  g rass land  and scrub a r e  t h e  optimum h a b i t a t s  

i n  the  spr ing;  s h o r t  g rass land  and r iver -beds  during t h e  monsoon; and scrub 

Spring 
( FbWl) 

S 
N P 

+ . 8 3  10 ~ 0 . 0 1  

-. 10 5  ns 

- .54 6 ns  

+ . 4 2  14 n S 

+ . g 3  6 ~ 0 . 0 1  

bfonsoon 
(JJw 

r~ N P 

+ . 6 3  9 ~ 0 . 0 5  

+ .96 7  <0.01 

+ . l 3  7 ns 

+ . 2 9  8  ns 

+.44 13 ns  

Winter 
(ONDJ) 

S N P  

+.S7 8  ns  

+ . 7 2  9  <0.05 

+ . 8 0  4 ns 

+.S5 11 <0.05 

+ . 8 2  7  ~ 0 . 0 5  



and t a l s  during t h e  win te r .  These r e s u l t s  a r e  i n  agreement with t h e  d a t a  

on seasonal  changes i n  t h e  use of d i f f e r e n t  h a b i t a t  types f o r  feeding  

(Section 4 . 3 . 4 ) .  

The d i f f e r e n t  p a r t s  and growth s t ages  of some spec ies  were c l a s s i f i e d  

a s  d i f f e r e n t  food types i n  Sect ion 4 -3.1.  However, no such d i s t i n c t i o n s  

were made f o r  some of  t he  more r a r e l y  eaten spec ies .  The burnt  canes,  t h e  

young shoots  and mature stems of t h e  more abundant t a l l  g rasses  a r e  d i s -  

t inguished  a s  s epa ra t e  food types,  and t h e  high p r e f e r a b i l i t y  f o r  t h e  

young shoots  and t h e  bu rn t  canes a r e  r e a d i l y  apparent (Fig. 4.5) . 
Simi l a r ly ,  t h e  f r u i t s  o f  Tmwia nudiflora a r e  p re fe r r ed  by rh inos  t o  t h e  

leaves of t he  same spec ies  (Fig. 4 . 5 ) .  However, i n  t h e  case o f  CoZebrookia 

oppositifoZia and some o t h e r  shrubs, no such d i s t i n c t i o n  i n  growth s t a g e s  

o r  p a r t s  were made. C. oppositifozia was avoided i n  most h a b i t a t s  and 

seasons although it was abundant (Table 4 .4) .  I t  was eaten only during 

t h e  spr ing  when bu rn t  stems were taken by rh inos  i n  t h e  t a l l  g rass land  

(discussed i n  Sec t ion  4.7.2) 

4.3.6 Feeding methods 

Feeding rhinos were observed f o r  a t o t a l  o f  1,501 hours.  They 

exhib i ted  a wide v a r i e t y  of  feeding methods. When feeding on ta l l  g ra s s  

(P l a t e  22) they used t h e  prehens i le  upper l i p  t o  cu r l  around t h e  g ra s s  

stems, and then  ben t  t h e  stems over ,  b i t  t h e  tops  o f f  and chewed them, 

drawing the  t i p s  i n t o  t h e  mouth from t h e  s i d e .  In very t a l l  g r a s s ,  rh inos  

of ten  walked forward with t h e  stems between t h e i r  l egs ,  pushing t h e  stems 

down, and then grazing from the t i p s  be fo re  walking on. The grass  stems 

e i t h e r  remained bent  over  o r  sprang up behind t h e  rhinos.  I h e  same method 

was used when browsing. One cow wi th  a c a l f  was o f t en  seen bending 

sap l ings  over ,  e i t h e r  by pushinn them with h e r  chin o r  walking over  them, 

and remaining s tanding  over  them whi le  she and h e r  c a l f  fed  from t h e  f o l i a g e  



brought  wi th in  t h e i r  reach. In some a r e a s ,  no tab ly  t h e  Naryani i s l a n d s ,  

s i s s o o  (DaZbergia s i s s o o )  t r e e s  were growing a t  up t o  80' from t h e  

v e r t i c a l  a s  a r e s u l t  of repea ted  bending by rh inos  walking over them t o  

feed  on t h e  f o l i a g e  ( P l a t e  2 3 ) .  Butza f m d o s a  was s i m i l a r l y  a f fec ted  

(discussed i n  Sect ion 4.7.1).  

Short  g rasses  and herbs were grazed c lose  t o  t h e  ground using t h e  

l i p s .  P lan ts  were of ten  uprooted, the  fo l i age  b i t t e n  o f f  and t h e  r o o t s  

dropped again. The t i p  of t h e  p rehens i l e  upper l i p  was cur led  back i n t o  

t h e  mouth and s h o r t  g ra s s  and he rbs  were cropped us ing  t h e  upper su r f ace  

o f  t h e  l i p  opposed aga ins t  t h e  lower l i p  ( P l a t e  24) .  

Aquatic p l a n t s  were taken by ducking t h e  head beneath t h e  water  

sometimes t o  t h e  l e v e l  of t h e  f e e t  and a metre o r  more below the water  

su r f ace .  Rhinos kept t h e i r  heads under water  f o r  per iods of  up t o  45 

seconds while  feeding,  b u t  as f a r  a s  I could t e l l  they  inges ted  food 

only with t h e i r  heads above water .  

4 . 3 . 7  Feeding i n  c u l t i v a t e d  land 

Although t h e  a c t u a l  techniques of e a t i n g  were t h e  same i n  t h e  f i e l d s  

as  those  used i n  o t h e r  h a b i t a t  types,  feeding  i n  t h e  f i e l d s  was h indered  

by human d is turbance .  V i l l a g e r s  sat out  on p la t forms i n  t h e i r  f i e l d s  a t  

n i g h t  and attempted t o  prevent  rhinos from feeding  on t h e i r  crops: they  

sometimes drove rh inos  back t o  t h e  f o r e s t  edge, waving l i g h t e d  to rches  

and even h i t t i n g  them on t h e  rump. More f r equen t ly ,  however, they  simply 

scared  t h e  rhinos o f f  t h e i r  own crops i n t o  fal low land o r  someone e l s e ' s  

crops and woke t h e  neighbouring guard by shout ing.  Fig. 4.6 shows t h a t  

f requent  de tec t ion  r e s u l t e d  in the  rhino spending very  l i t t l e  time 

a c t u a l l y  feeding on crops while  i n  t h e  f i e l d s  (see below). 

Rhinos appeared t o  b e  more succes s fu l  i n  crop-raiding during misty o r  

cloudy n i g h t s  and during t h e  dark per iods  o f  t h e  month, although I have no 



Mean interval c mins) between 
detections of rhino by crop guards 

P i g .  4.6. The reZatimship betueen the proportion of a rhino ' S  

time i n  the fieZd spent- feeding on crops and the mean 
in t e rm2  between detections by crop-guards. 

conclusive d a t a  t o  show t h i s .  However, even during moderately well  moonlit  

n igh t s ,  rhinos were successfu l  i n  c rop- ra id ing ,  p a r t i c u l a r l y  during t h e  

l a t e r  p a r t  of t h e  n i g h t .  Typical ly  t hey  were chased from f i e l d  t o  f i e l d  

u n t i l  they  found an unguarded f i e l d  o r  a  s leepy  guard. Fig. 4.7 shows t h e  

percentage o f  t ime spent  feeding on crops f o r  rh inos  en t e r ing  t h e  f i e l d s  a t  

d i f f e r e n t  t imes throughout t h e  n igh t .  The most successfu l  t ime t o  e n t e r  

t h e  f i e l d s  was between 24.00 and 04.00 h when t h e  crop-guards were o f t e n  

asleep.  The e a r l i e r  i n  t h a t  per iod t h e  rh inos  en tered  t h e  f i e l d s  t h e  more 

food they could e a t  because there  was more time ava i l ab l e  t o  feed undisturbed.  

On moonlit n i g h t s  rh inos  gene ra l ly  en t e red  t h e  f i e l d s  a t  t h e  same t ime 

a s  on o the r  n i g h t s  bu t  r a t e s  of de t ec t ion  by t h e  farmers were h igher .  Mist 

reduced r a t e s  of  de t ec t ion  t o  very low l e v e l s ,  and even i f  rh inos  were 
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4.3.7.1 Damage t o  crops 

(a) Rice 

In o rde r  t o  a s se s s  damage t o  t h e  r i ce -c rop  caused by rh inos  f eed ing ,  

15 one ki lometre  t r a n s e c t s  were paced out  across  growing r i c e '  paddies  at 

severa l  p l aces  around t h e  park. Each pace was scored f o r  t h e  presence o r  

absence of s i g n s  of feeding by rh inos ,  deer ,  wild p i g s  o r  domestic s tock .  

This was done a t  two s t ages  of t h e  growing season; roughly s i x  weeks and 

12 weeks a f t e r  sowing. The percentage of  paces showing s i g n s  o f  feeding  

by rh inos  va r i ed  from nought t o  17.0%. Fig. 4.8 shows t h a t  most damage 

occurred wi th in  750m of  t h e  edge of  f o r e s t  ( o r  grassland)  occupied by 

rhinos.  Anywhere more than 1,500m from t h e  fores t -edge  was n e g l i g i b l y  

damaged. Good sca r ing  by crop-guards reduced damage even i n  a r e a s  n e a r  

t h e  fores t -edge .  

F i g .  4.8. Damwe caused by  rhinos to the r ice  crop a t  
various distcmces $mm the  forest. 

% 4- 

X 

Damage t o  t he  r i c e  crop was g r e a t e s t  i n  t h e  Sauraha a r e a  - 17.0% 

nor th  of t h e  r i v e r ,  16.0% south of  t h e  r i v e r  and 9.5% between Bagmara and 

T i k o l i .  Outside the  Sauraha a rea ,  damage due t o  rhinos was much lower 

(Katar,  1.8%; Kasra, 0.1%; north o f  Tiger  Tops, 0.0%; Nawalpur, 0.6%) 

and machans b u i l t  f o r  rhino-scaring were much sca rce r .  
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Damage by o t h e r  mammals was l e s s  considerable;  in t h e  Sauraha s tudy 

a r e a ,  dee r  had f ed  i n  1.4% of paces,  wi ld  p igs  i n  0.4% and domestic 

s tock  i n  0.6%. Bi rds ,  however, i n  p a r t i c u l a r  parakee ts ,  were respons- 

i b l e  f o r  considerable  l o s ses .  Flooding a l s o  ru ined  la rge  propor t ions  o f  

t h e  crop - up t o  100% i n  many a r e a s .  

(b) Maize 

Maize was grazed by rh inos  while  s t i l l  i n  t he  seed l ing  s t age ,  b u t  

t h e  main damage occurred a f t e r  f r u i t i n g .  Wild p igs ,  however, caused 

considerably more damage t o  t h e  maize crop than  rh inos  did.  They com- 

p l e t e l y  destroyed pa tches  o f  up t o  400n?, b u t  t h e r e  was very l i t t l e  

damage f u r t h e r  than 400111 from t h e  f o r e s t  edge. 

Crop- r a i d i n g  is  discussed i n  r e l a t i o n  t o  conservat ion i n  Sect ion 

7.2.1.1. 

4.3.8 Drinking 

Rhinos drank from streams,  r i v e r s ,  ox-bow lakes ,  small  puddles and 

wallows. Some of t h e  water  in the  wallows w a s  (a) very  w a r m  and (b) 

very  h igh ly  contaminated wi th  rhino ur ine :  i t  was completely shunned by 

t h e  domestic e lephants .  Also, un l ike  e lephants  which always face  upstream 

whi le  dr inking,  rh inos  drank from r i v e r s  wi th  no apparent preference f o r  

f ac ing  upstream o r  downstream and of ten  u r i n a t e d  o r  defecated a t  t h e  same 

time. The dr inking  o f  t h e  heav i ly  contaminated wa te r  i n  t h e  small  wallows 

i n t e r e s t e d  me. I analysed some water  from one o f  t he  wallows and found 

t h a t  it had a high content  o f  potassium, calcium and magnesium (Table 4.6) .  

This  i s  discussed i n  r e l a t i o n  t o  mineral requirements i n  Section 4.7.2. 

Drinking normally l a s t e d  only a minute o r  two; rh inos  drank wi th  l i p s  

immersed,and paused a t  i n t e r v a l s  with head l i f t e d .  Water was never  i n  

sho r t  supply, although it was more l imi t ed  in d i s t r i b u t i o n  during the  dry 



Table 4.6.  The quantit ies of certain mineral ions i n  sunples of  so i l s ,  
rocks and water eaten by rhinos and other tazgutates. 

season. For example, small  pools which were f u l l  o f  water during t h e  

monsoon were dry between November and Apr i l .  ?he d is tance  t o  t h e  near-  

e s t  t a l ,  stream o r  r i v e r  is  never  g rea t  i n  Chitawan (Section 2.1.4) , b u t  

access  t o  water  was h indered  t o  some ex ten t  by human d i s tu f i ance  on t h e  

edge of t h e  park and i n  out ly ing  areas .  During t h e  dry season, rhinos 

n e a r  the edge of  t h e  park had t o  move out of t h e  r i v e r i n e  f o r e s t  and 

scrub i n  which they spent  most of t he  dayl ight  hours  t o  go i n t o  t h e  open 

t o  dr ink from t h e  r i v e r s .  They drank mainly a t  n i g h t  and i n  the e a r l y  

morning and l a t e  af ternoon.  Rhinos i n s i d e  t h e  park i n  t h e  t a l l  g rass land  

usua l ly  had water  a v a i l a b l e  i n  permanent lakes  and streams which were no t  

exposed: they  drank a t  any time during t h e  day when they  were n e a r  t o  a 

water  supply. 

Sampl e 

Surung c l i f f  
(4 samples) 

Surung c l i f f  c r y s t a l -  
l i n e  deposi t  
(1 sample) 

Dumaria 
(3 samples) 

Jarnel i  
(2 samples) 

Ewanipur 
(3  samples) 

\fa1 low water, Sauraha 
(1 sample) 

4 . 3 . 9  Mineral l i c k s  

I found f o u r  major s i t e s  where rh inos  o r  o t h e r  ungulates had l i c k e d  

o r  ea ten  s o i l  o r  rock mater ia l .  The s i t e  most f requent ly  used by rh inos  

ppm. dry weight 

Magnesim 

1 9 2  8 

27,000 

15 + 11 

2 +  0 

1 5 2  3 

260 

Calcium 

25 +- 12 

3 ,200  

1 3 2  8 

2 2  1 

1 7 2  2 

1 ,300  

Sodium 

543 + 6 8  

70,000 

153 k 40 

8 5 5  1 

1 2 2  5 

7 1 

Iron 

2 8 +  1 3  

3 

4 8 2  5 

27 2 23 

437 2 304 

9 

Potassium 

3 5 +  G 

160 

51 + 42 

32'  1 

2 9 2  6 

350 



was a c l i f f  o f  micaceous sandstone i n  t h e  Surung Valley nea r  Tiger  Tops, 

and i t s  use was confined almost e n t i r e l y  t o  t h e  months o f  Novenher t o  May. 

During those months a w e l l  trodden rh ino  path was formed up the  v a l l e y  t o  

t h e  base  of  t h e  c l i f f .  For t h e  r e s t  of t h e  y e a r  t h e  path was almost un- 

used. Rhinos both l i cked  and a t e  t he  f r i a b l e  rock ma te r i a l .  I observed 

rh inos  r a i s i n g  themselves onto t h e i r  hind l egs  i n  o r d e r  t o  reach h ighe r  

up t h e  c l i f f  and one ind iv idua l  climbed about f i v e  metres up t h e  very 

s t e e p  s lope  and continued t o  e a t  t h e  rock. The time spent e a t i n g  and 

l i c k i n g  va r i ed  i n  f i v e  observa t ions  from 10 minutes t o  45 minutes. 

Sambhar a l s o  used t h e  l i c k  and my elephant  a t e  l a r g e  q u a n t i t i e s  o f  t he  

rock. In some p l aces  t h e r e  was a crumbly c r y s t a l l i n e  deposi t  on t h e  rock 

su r f ace  which was a l s o  ea t en  by both the  elephant  and rh inos .  I co l l ec t ed  

fou r  samples of  t h e  rock from d i f f e r e n t  p a r t s  o f  t h e  c l i f f  and a l s o  some 

of  t h e  c r y s t a l l i n e  depos i t .  The r e s u l t s  of a n a l y s i s  f o r  sodium, potassium, 

calcium, magnesium and i r o n  a r e  shown i n  Table 4.6. Both the  rock and the  

c r y s t a l l i n e  depos i t  at Surung have very high sodium contents  compared wi th  

samples from o t h e r  mineral l i c k s ,  and t h e  c r y s t a l l i n e  depos i t  i s  consider- 

ab ly  r i c h e r  i n  potassium, calcium and magnesium than  t h e  o t h e r  samples. 

A t  two s i t e s ,  J a r n e l i  and Bwanipur, I observed c h i t a l  l i c k i n g  and 

e a t i n g  t h e  s o i l  along an eroded gu l ly  i n  s a l  fo re s t , and  a t  Dumaria I saw 

a gaur  doing t h e  same. biy elephant  a t e  s o i l  at Dumaria a l so ,but  was not  

a t t r a c t e d  by t h a t  a t  J a r n e l i  and Bwanipur. Rhino f o o t p r i n t s  were present  

at a l l  t h r e e  s i t e s  b u t  t h e r e  were no wel l  trodden pa ths  l i k e  those a t  

Surung . 
The s o i l  at t h e s e  t h r e e  s i t e s  i s  a yel lowish brown s i l t y  c l ay .  The 

r e s u l t s  o f  ana lys i s  o f  samples showed g r e a t e r  v a r i a b i l i t y  than  t h e  r e s u l t s  

f o r  Surung, and t h e  i ron  content  was p a r t i c u l a r l y  va r i ab l e .  Although I 

d id  not analyse l o c a l  samples a s  con t ro l s ,  t h e  sodium content of  t he  s o i l  

a t  Dumaria and J a r n e l i  i s  considerably h ighe r  than t h a t  a t  Bwanipur. 



Mineral  requirements  a r e  d i s c u s s e d  i n  S e c t i o n  4 . 7 .  

4.3.10 Feeding compet i t ion 

The numbers and  d i s t r i b u t i o n  o f  w i l d  and domest ic  u n g u l a t e s  a r e  

d e s c r i b e d  b r i e f l y  i n  S e c t i o n s  2.1.6 and 2.1.7. S e i d e n s t i c k e r  (1976) 

concluded t h a t  r h i n o s  made up over  SO% o f  t h e  biomass of w i l d  u n g u l a t e s  

i n  t h e  r i v e r i n e  f o r e s t  and t a l l  g r a s s l a n d  b o t h  i n s i d e  and o u t s i d e  t h e  p a r k .  

liowever, domest ic  s t o c k  i n  t h e  Sauraha s t u d y  a r e a  had a  t o t a l  biomass 

d e n s i t y  o f  more than s i x  times t h a t  o f  r h i n o s  o u t s i d e  t h e  park and more 

t h a n  twice  t h a t  of r h i n o s  w i t h i n  t h e  p a r k .  Domestic s t o c k  i n  t h e  middle  

o f  t h e  Chitawan V a l l e y ,  away from f o r e s t  a r e a s ,  had  a biomass d e n s i t y  o f  

o n l y  two t h i r d s  o f  t h a t  a t  t h e  edge o f  t h e  pa rk  ( S e i d e n s t i c k e r ,  1976) . 
From t h e s e  d a t a ,  domest ic  s t o c k  would be expec ted  t o  b e  t h e  main compet- 

i t o r s  w i t h  t h e  r h i n o s  f o r  food.  

During t h e  f irst  y e a r  o f  t h e  s t u d y ,  s t o c k - g r a z i n g  was r e l a t i v e l y  

common i n  t h e  Sauraha  a r e a .  C a t t l e  and b u f f a l o  grazed g r a s s  s h o r t ,  and 

r h i n o s  sometimes g razed  w i t h  them on l a r g e l y  t h e  same s p e c i e s .  The 

subsequent exc lus ion  of s t o c k  from t h e  pa rk  h a s  r e s u l t e d  i n  a s p e c t a c u l a r  

change i n  t h e  v e g e t a t i o n  i n  some a r e a s .  P rev ious  a r e a s  o f  s h o r t  g r a s s l a n d  

have begun t o  b e  t ransformed i n t o  t a l l  g r a s s l a n d  and a r e  occupied by r h i n o s  

i n  t h e  daytime where p r e v i o u s l y  t h e r e  was i n s u f f i c i e n t  cover.  One 600m 

t r a n s e c t  (Sec t ion  4.2.3) walked i n  June  1973 and June 1975 on t h e  r i v e r -  

bed a t  Sauraha showed an i n c r e a s e  o f  more t h a n  80% i n  Sacchanun spontanewn, 

al though t h e  a r e a  had n o t  been a l t e r e d  t o p o g r a p h i c a l l y  by f l o o d s .  S i m i l a r  

e f f e c t s  were n o t i c e d  i n  o t h e r  a r e a s  from which domestic s t o c k  had been 

excluded, a l though d e t a i l e d  measurements were n o t  made. Stock - g r a z i n g  i s  

d i s c u s s e d  i n  S e c t i o n  7.2.1 .l. 



4.4 Resting and wallowing 

4.4.1 Resting 

S p e l l s  of feeding were i n t e r r u p t e d  by pe r iods  o f  a  few minutes t o  

s eve ra l  hours  spent  r e s t i n g .  Rhinos normally l a y  down t o  r e s t :  a t  o t h e r  

t imes they  r e s t e d  s tanding  wi th  t h e  head low, almost touching the  ground. 

One form o f  r e s t i n g  - wallowing - i s  descr ibed below (Sect ion 4.4.2) .  

Rest ing on dry land took p l ace  more frequent ly during t h e  win te r  months 

than during t h e  summer. 

Resting rhinos f requent ly  revealed t h e i r  presence t o  me by deep s ighs  

o r  i n t e s t i n a l  rumbles. They seemed t o  spend most o f  t h e  r e s t i n g  per iod  

as leep:  t h e  eyes were usua l ly  c losed  and e a r  movements were l e s s  frequent 

than when a l e r t .  Rest ing rh inos  could be  approached c lose ly  from downwind 

b u t  a  sudden no i se  o r  an upwind approach s t a r t l e d  them i n t o  wakefulness. 

Rest ing rh inos  s h i f t e d  p o s i t i o n  at i n t e r v a l s  and o f t e n  s tood up f o r  s eve ra l  

minutes before  l y ing  down again.  

m e r e  were no s p e c i f i c  r e s t i n g  places;  rh inos  simply l a y  down where 

they  happened t o  be ,  although they avoided l y i n g  i n  f u l l  sunl ight  during 

t h e  middle o f  t he  day. I n o t i c e d  no r e l a t i o n s h i p  between r e s t i n g  o r i e n t -  

a t i o n  and wind d i r e c t i o n  a s  has  been r epor t ed  f o r  b lack  rh inos  which 

n e a r l y  always l a y  fac ing  downwind (Hitchins i n  Owen-Smith, 1973). 

4.4.2 Wallowing 

Rhinos f requent ly  wallowed i n  ox-bow l akes ,  r i v e r s  and temporary 

pools  (P l a t e  25) . Wallowing was observed mst f r equen t ly  during t h e  monsoon 

and l e a s t  f requent ly  during t h e  win te r  (shown i n  Fig. 4 .9) .  Furthermore, 

most l h inos  encountered during t h e  months May t o  October had a  f r e sh  mud 

cover o r  t h e  dry remnants o f  an o l d  one, whereas rh inos  encountered during 

t h e  cooler  months hard ly  eve r  had such a  cover .  
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oppos i te  d i r e c t i o n  t o  coat  t h e  o t h e r  f lank  wi th  mud. Vigorous h b i n g  o f  

t he  head and horn i n  t he  mud, and rubbing of t he  rump while s i t t i n g  upr ight  

l i k e  a  dog,were observed f requent ly .  

Rhinos wallowed f o r  per iods  of  between two minutes and seven hours ,  

and they frequent ly spent  up t o  20 minutes rubbing var ious  p a r t s  o f  t h e  body 

aga ins t  s u i t a b l y  shaped t r e e s  o r  branches a f t e r  wallowing. Spec ia l  a t t e n t i o n  

was paid t o  t h e  head, neck and f lanks and t h e  horn was a l s o  rubbed, Such 

per iods  of rubbing a l s o  occurred independently of  wallowing, but  t h i s  was 

l e s s  common. The vegeta t ion  along t r a i l s  l ead ing  t o  and from wallows was 

t y p i c a l l y  smeared with mud from t h e  rh inos '  s k i n s .  A t  well-used wallows, 

t h e  smell  o f  rhino u r ine  i n  t he  water and on t h e  mud was very s t rong  

(discussed i n  Sect ion 5.7 i n  r e l a t i o n  t o  scent-marking) . 
Fig. 4.10 shows t h e  proport ion o f  rh ino  s i g h t i n g s  a t  d i f f e r e n t  t imes 

of  t h e  day when t h e  rh inos  i n i t i a l  a c t i v i t y  was wallowing. Although t h e s e  

d a t a  a r e  b iased  t o  some e x t e n t  by my observat ion methods (explained in  

Sec t ion  4 . 5 ) ,  they do demonstrate t h a t  rh inos  wallowed most i n  t he  e a r l y  

morning and l e a s t  during t h e  n igh t .  I no t i ced  t h a t  t h e  frequency o f  

wallowing was lower on cool ,  overcast  days during t h e  mnsoon and immed- 

i a t e l y  a f t e r  a  long pe r iod  o f  r a i n ,  b u t  r a i n  i t s e l f  d id  not  r e s u l t  i n  an 

immediate reduction i n  wallowing. 

Heat regula t ion  i s  probably the  main funct ion o f  wallowing: it i s  

an important requirement f o r  a  l a rge  dark coloured mammal. However, 

escape from blood-sucking tabanid  f l i e s  (Tabanus spp .) , e s p e c i a l l y  i n  t h e  

t a l l  grass land ,  may a l s o  be important.  Th i rd ly ,  a s  wallows a r e  v i s i t e d  by 

many d i f f e r e n t  rh inos ,  t hey  a r e  a  foca l  p o i n t  i n  t h e  environment and may 

be important i n  s o c i a l  communication (d iscussed  i n  Sect ion 5.7 ) . 



Nepal standard time 

F i g .  4.10. Frequency of waZZawing as the i n i t i a l  ac.tivity 
according to the  t h e  of dap. 

4.5  Twenty-four hour a c t i v i t y  p a t t e r n  

Fig. 4.11 shows t h e  r a t e s  of rhino s igh t ings  (numbers p e r  10 hours  

searching time) i n  each four  hour per iod  o f  t he  day and n igh t .  I t  

demonstrates,  a s  explained b r i e f l y  i n  Sec t ion  2 .3 .1 ,  t h a t  rhinos were e a s i e r  

t o  s e e  during t h e  e a r l y  morning and l a t e  a f te rnoon.  I consider  below whether 

t h i s  is  a  r e s u l t  o f  d i f f e r ences  i n  a c t i v i t y  o f  rhinos over  t he  day and n i g h t .  

I examined t h e  d a t a  co l l ec t ed  on a c t i v i t y  i n  t h r e e  d i f f e r e n t  ways. 

F i r s t l y ,  i n  order  t o  make use' of a s  much information a s  poss ib l e ,  I looked 

a t  t h e  times spent  i n  var ious a c t i v i t i e s  a t  d i f f e r e n t  times o f  t h e  24 hour 

cycle and lumped a l l  t h e  observat ions f o r  each month. I found cons iderable  

v a r i a t i o n  between months and,because my observat ion time Was very unequally 

d i s t r i b u t e d  over  t h e  months (Section 2 .3 .1) ,  I ca lcu la ted  the means o f  t h e  
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Numbers of observa t ions  (n) as f o r  Fig. 4.10. 

F i g .  4 .1  1. The rates of sightings of rhinos over the 24 hour cycle. 

monthly percentages of t ime spent  in var ious  a c t i v i t i e s  i n  each of  s i x  

four-hour periods o f  the  day and n i g h t .  Fig.  4.12 shows t h e  r e s u l t s  of 

t h i s  ana lys i s  f o r  t h r e e  general  ca t egor i e s  of a c t i v i t y :  feeding, r e s t i n g  

and o t h e r  a c t i v i t i e s .  I t  can b e  seen t h a t ,  according t o  t h i s  ana lys i s ,  

rh inos  spent  most time feeding during t h e  n i g h t  and most t ime r e s t i n g  

between 08.00 and 12.00h. The ove ra l l  time-budget i s  a l s o  shown (Section 

4.5.2) ,  ca l cu la t ed  by t a k i n g  t h e  means of  t h e  percentages f o r  each a c t i v i t y  

i n  each four-hour pe r iod  s o  t h a t  no p a r t  o f  t h e  day i s  over o r  under 

represented.  

However, it w a s  e a s i e r  t o  see  rh inos  i n  c e r t a i n  h a b i t a t  types  than 

i n  others,  and t h e  v i s i b i l i t y  var ied  from month t o  month. I t  i s  l i k e l y  

t h a t  a c t i v i t y  i s  r e l a t e d  t o  h a b i t a t  type;  some h a b i t a t s  being used 

r e l a t i v e l y  more f o r  feeding and o t h e r s  r e l a t i v e l y  more f o r  r e s t i n g .  Thus 
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F i g .  4.12. The 24 hour ac t iv i ty  pattern as s h m  by the 
proportions of t o ta l  observation time made up 
by three ca tqor i e s  of ac t iv i ty .  

t h e  r e s u l t s  shown i n  Fig. 4.12 a r e  b iased:  b e t t e r  v i s i b i l i t y  and hence 

more and longer  observa t ions  i n  the  open h a b i t a t s  means t h a t  d a t a  from 

these  h a b i t a t s  a r e  d ispropor t iona te ly  represented  i n  t h e  t o t a l .  I 

reduced t h i s  b i a s  by considering,  i n  a  second a n a l y s i s ,  only t h e  i n i t i a l  

a c t i v i t y  of  t he  rh ino  f o r  each observat ion.  

Fig. 4.13 shows t h e  r e s u l t s  o f  t h i s  a n a l y s i s  as  the  means o f  the  

monthly percentages o f  i n i t i a l  observat ions o f  t h r e e  ca tegor ies  o f  a c t i v i t y  

i n  each fou r  hour period,and t h e  o v e r a l l  t ime budget ca l cu la t ed  a s  f o r  F ig .  

4.12. There i s  an o v e r a l l  lower proport ion o f  feeding a c t i v i t y  i nd ica t ed  

i n  Fig. 4 .13 when compared with Fig. 4.12. This  i s  because o f  t he  genera l ly  

h igher  proport ion o f  ' o t h e r  a c t i v i t i e s ' ,  inc luding  s tanding,  moving, i n t e r -  

a c t i n g  with o t h e r  rh inos  and, in p a r t i c u l a r , t h e  s t a t e  o f  a l e r t n e s s  which 

was o f t en  recorded a s  t h e  i n i t i a l  a c t i v i t y  b u t  did n o t  continue f o r  long. 
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F i g .  4.13. The 24 hour activitd pattern as shuwn by a22 observations 
cZassified according -bo i n i t i a l  actiwity . 

There i s  a l s o  a  r e l a t i v e l y  h ighe r  proport ion o f  feeding  a c t i v i t y  shown 

i n  t h e  e a r l y  morning and l a t e  afternoon per iods  i n  F ig .  4.13. This d i f f e r -  

ence between t h e  two f i g u r e s  i s  explained by t h e  f a c t  t h a t  a  high propor- 

t i o n  of t he  observa t ions  made during those hours  were n e a r  wallows which 

t h e  rh inos  approached slowly, feeding on t h e  way, and then spent long 

per iods  wallowing i n .  



I t  i s  c l e a r  t h a t  t h e  uneven d i s t r i b u t i o n  of observat ion time over  

d i f f e r e n t  h a b i t a t s ,  months and times o f  t he  day make it d i f f i c u l t  t o  

descr ibe  accu ra t e ly  t h e  rh inos '  a c t i v i t y  p a t t e r n s .  In t he  extreme case ,  

it i s  obvious t h a t  i f  I s a t  a l l  day a t  a rh ino  wallow i t  would be very  

s u r p r i s i n g  if my observa t ions  did no t  show a h igh  frequency of wallowing 

compared with o t h e r  a c t i v i t i e s .  In more general  terms,  the  v i s i b i l i t y  of  

rhinos va r i ed  according t o  t h e  a c t i v i t y  they  were engaged in,and my chance 

o f  see ing  var ious  a c t i v i t i e s  depended on where I was watching from. 

Therefore,  my t h i r d  l i n e  o f  ana lys i s  was t o  cons ider  only observa t ions  o f  

rh inos  which I had followed f o r  r e l a t i v e l y  long per iods .  

I considered 14 observa t ions  t h a t  l a s t e d  more than e i g h t  consecut ive 

hours ,  t h e  longes t  be ing  of 33 hours dura t ion .  I ca l cu la t ed  t h e  propor- 

t i o n  of  time spent  by rh inos  on each category of  a c t i v i t y  f o r  each f o u r  

hour per iod ,  lumping t h e  d a t a  f o r  a l l  14 observa t ions .  Fig. 4.14 shows 

the  r e s u l t s  of  t h i s  a n a l y s i s .  There a r e  obvious d i f f e r ences  between 

these  r e s u l t s  and those  i n  F igs .  4 . l 2  and 4.13. The proport ion o f  time 

spent  feeding i s  h ighes t  i n  t h e  e a r l y  morning and i n  t h e  e a r l y  p a r t  o f  

the  n igh t  and t h e  time spent  on a c t i v i t i e s  o t h e r  than feeding and r e s t i n g  

appears as a very small f r a c t i o n  o f  t h e  t o t a l  t ime.  

The f i r s t  d i f f e r ence  can be explained by t h e  preponderance of  w i n t e r  

observat ions i n  t h e  da t a  f o r  Fig. 4.14 and o f  sp r ing  and monsoon obser-  

va t ions  i n  t he  d a t a  f o r  F igs .  4.12 and 4.13. Only one rhino was followed 

f o r  more than e i g h t  consecutive hours during t h e  monsoon because v i s i b i l i t y  

was so bad t h a t  a l l  o t h e r  attempts f a i l e d .  Rhinos f e d  more i n  t he  e a r l y  

morning during t h e  win te r  than during t h e  s p r i n g  and monsoon (shown i n  

Sect ion 4.5 . l ) .  The second difference i s  explained by t h e  r e l a t i v e l y  

sma l l e r  e f f e c t  o f  t h e  observer  on t h e  rh inos  a c t i v i t y  p a t t e r n s  i n  long 

observat ions than i n  sho r t  observat ions.  

There a r e  problems assoc ia ted  with a l l  . three analyses  of t he  d i e1  
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F i g .  4 .14 .  The 24 hour activity pattern as s h m  bg 14 observatians 
of rhinos, each of more than eight howls duration. 

a c t i v i t y  cyc le .  To avoid the  b i a ses  p re sen t  i n  these  d a t a , i t  would b e  

necessary t o  follow rhinos f o r  whole 24 hour per iods a t  var ious  t imes o f  

t h e  year ,  poss ib ly  us ing  rad io- te lemet ry .  However, t h e  present  d a t a  do 

show t h a t ,  i n  genera l ,  rhinos fed most during t h e  n i g h t ,  e a r l y  morning and 

l a t e  af ternoon,  and spent  t h e  middle of t h e  day predominantly r e s t i n g .  

There was a l s o  an ind ica t ion  t h a t  rh inos  r e s t e d  more during t h e  second 

h a l f  o f  t h e  n ight  than the  f i r s t  h a l f .  

4 .5 .1 Seasonal v a r i a t i o n  i n  t h e  24 hour cycle o f  a c t i v i t y  

Although t h e  d a t a  from indiv idua ls  watched f o r  long periods were t h e  

most unbiased ( see  ahove) , they were c o l l e c t e d  almost exc lus ive ly  during 

t h e  win te r  and t h e  spr ing ,and  mostly i n  t h e  win ter .  I t  i s  t h e r e f o r e  



d i f f i c u l t  t o  deduce seasonal  v a r i a t i o n s  from those  da t a .  Despite t h e  

b i a ses ,  I consider  t h a t  t h e  d a t a  do r e f l e c t  r e a l  seasonal  d i f f e r ences  i n  

time-budgets; i n  p a r t i c u l a r  t h e  g r e a t e r  propor t ion  of  t ime spent  feeding 

during the  win ter  and sp r ing .  

I have p l o t t e d  ( i n  Fig.  4.15) t h e  propor t ions  of  t o t a l  observa t ion  

time spent feeding and r e s t i n g  over t h e  24 hour cycle  i n  each season. The 

most s t r i k i n g  seasonal  d i f f e r ences  shown a r e  i n  t h e  small  amount of  t ime 

spent  feeding  i n  t h e  e a r l y  morning per iod  during t h e  monsoon. This  can be  

p a r t l y  explained by t h e  f a c t  t h a t  I watched more f r equen t ly  a t  wallows 

during t h e  monsoon and t h a t  most of t h e  observa t ions  cons is ted  of  wallow- 

ing .  However, I observed ind iv idua l  rh inos  wallowing r egu la r ly  every 

m0rnin.g from 04.00 o r  05.00h l a t e  i n t o  t h e  morning,and during the  dry 

season a t  t h a t  time t h e  same rhinos spent  more than  h a l f  t h e i r  time 

feeding.  Although it i s  d i f f i c u l t  t o  quan t i fy  t h e  d i f f e r ence ,  rh inos  

tended t o  feed more i n  t h e  e a r l y  morning during t h e  dry season than  i n  

t h e  wet season. 

4.5.2 Seasonal d i f f e r ences  i n  t ime-budgets 

Fig. 4.15 shows cons iderable  seasonal  d i f f e r e n c e s  i n  t h e  o v e r a l l  t ime- 

budget. Only 36.0% of  t ime was spent feeding  during t h e  monsoon, compared 

t o  64.8% i n  t h e  sp r ing  and 56.9% i n  t h e  win ter .  I d i d  not t e s t  t hese  d i f -  

fe rences  s t a t i s t i c a l l y  because o f  t h e  inhe ren t  b i a s e s  explained above. 

However, they  do i n d i c a t e  t h a t  rh inos  were under s t r e s s  with regard t o  food 

supply, during t h e  win te r  and sp r ing  ( f u r t h e r  d i scussed  i n  Sect ion 6 .1 .1) .  

4  .6 Movement S 

Having shown t h a t  t h e r e  were seasonal  changes i n  the  rh inos '  use of  

t he  wide v a r i e t y  o f  h a b i t a t  types wi th in  t h e  s tudy a r e a  (Section 4.3.4),  

I consider  he re  t h e  movements o f  rh inos  and how they  were r e l a t e d  t o  t h e  
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F i g .  4 .15 .  SeasonaZ differences i n  the 24 hour ac t iv i ty  pattern 
as shown b y  the proportions of  t o ta l  observatim time 
spent b y  rhinos in three ca tqor i e s  of ac t iv i ty .  

seasons and t o  t he  d i s t r i b u t i o n  of h a b i t a t  t y p e s .  I f i r s t  consider  

general  seasonal  v a r i a t i o n s  i n  the  use  o f  d i f f e r e n t  p a r t s  o f  t h e  s tudy  

a rea ,  and I subsequently examine t h e  movements of i nd iv idua l  rh inos .  

The loca t ions  o f  a l l  rhino s igh t ings  a r e  p l o t t e d  on a  map o f  t he  

s tudy  a r e a  i n  Fig. 4.16. They a re  c l e a r l y  concentrated along the  Rapti  

r i v e r  which flows from e a s t  t o  west through t h e  s tudy area .  Ninety-eight 

percent  of all loca t ions  l i e  within a two k i lomet re  wide s t r i p  across  t h e  

s tudy a rea ,  and almost a l l  t h e  remaining two percent  o f  loca t ions  l i e  i n  

t h e  Bagmara region no r th  of  t he  Rapti (Block C i n  Fig. 4.17: see  below) . 
I t  i s  shown i n  Sec t ion  4.6.2 that movements o f  rh inos  on t h e  north-south 

a x i s  o f  t h e  s tudy a r e a  were r e l a t i v e l y  unimportant when considering 

seasonal  and ind iv idua l  d i f fe rences  i n  t he  loca t ions  o f  s igh t ings .  I n  

o rde r  t o  analyse rh ino  loca t ions  and movements, I divided t h e  s tudy a r e a  

i n t o  seven blocks and 15 sub-blocks l a b e l l e d  A l ,  A2,  B1,  B2 e t c .  from 

west t o  e a s t  (Fig.  4 .17) .  







Most of the boundaries  correspond approximately t o  phys ica l  f ea tu re s  

such a s  r iver -beds  o r  woodland borders .  The b locks  a r e  s l i g h t l y  sma l l e r  

i n  areas  with a high frequency of rh ino  s i g h t i n g s .  The r a t i o n a l e  f o r  

t h i s  arrangement w i l l  become c l e a r .  The major blocks a r e  used f o r  general  

a n a l y s i s  o f  t he  d i s t r i b u t i o n  of  s igh t ings  o f  rh inos  (Section 4.6.1):  t h e  

sub-blocks a r e  used only f o r  t h e  ana lys i s  o f  t h e  loca t ions  o f  i nd iv idua l  

rh inos  (Section 4.6.2) . 

4.6.1 Seasonal v a r i a t i o n s  i n  t h e  use of d i f f e r e n t  p a r t s  of 

t h e  s tudy a r e a  

The frequency of  rhino s igh t ings  i n  each o f  t h e  major blocks,  A t o  

G ,  v a r i e d ' g r e a t l y  over  t h e  s tudy  per iod .  For example, t he  nunhers o f  

s i g h t i n g s  pe r  month i n  blocks D and F a r e  shown i n  Fig. 4.18. I t  can be 

seen t h a t  t h e r e  was considerable  v a r i a t i o n  between blocks and months, b u t  

much of  t h i s  v a r i a t i o n  r e s u l t e d  from t h e  uneven d i s t r i b u t i o n  o f  searching  

t ime over  t h e  b locks .  

I t  was e a s i e r  t o  make prolonged observa t ions  on rh inos  i n  c e r t a i n  

b locks  a t  c e r t a i n  t imes of  t h e  year and , in  o r d e r  t o  c o l l e c t  d a t a  f o r  o t h e r  

a spec t s  of  t h e  s tudy ,  I spent  longer i n  those  blocks a t  those times o f  y e a r .  

To compensate f o r  t h e  e f f e c t s  o f  d i f f e r ences  i n  t h e  frequency and dura t ion  

o f  my v i s i t s  t o  each block,  I  considered two measures of  t h e  rh inos '  use  

o f  each block: 

(a) t h e  number o f  rh inos  s ighted  pe r  hour  i n  each block 

and (b) t h e  number o f  rh inos  s ighted  p e r  v i s i t  t o  each b lock .  

I n a t u r a l l y  had t o  change my methods o f  searching  according t o  t he  

blocks and the  season. Using some methods, such a s  v i s i t i n g  well-used 

wallows, I was ab le  t o  see  up t o  15 o r  more rh inos  wi th in  a  few minutes.  

On the  o t h e r  hand, by watching from machans o r  searching an a r e a  o f  t h i c k  

cover on elephant  back, it o f t e n  took seve ra l  hours  t o  see the  same nunher 
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o f  rh inos .  This d i f fe rence  between methods caused considerable  v a r i a t i o n  

i n  t he  numbers of rhinos s igh ted  per  hour .  For t h i s  reason,  I considered 

whether t h e  numbers o f  rh inos  s igh ted  p e r  v i s i t  t o  each block might be  a 

more appropr ia te  measure than the  numbers s i g h t e d  p e r  hour i n  each b lock .  

The numbers of rh inos  s igh ted ,  the  numbers of hours  searched and t h e  

numbers of  v i s i t s  made t o  each block i n  each month of  the  s tudy per iod  

a r e  shown 'in Appendix H.  In each b lock ,  t h e  numbers of rh inos  s igh ted  

a r e  s i g n i f i c a n t l y  c o r r e l a t e d  wi th  both  t h e  numbers of hours o f  s ea rch ing  

time and t h e  numbers o f  v i s i t s  t o  t h e  block (p < 0.001) (Table 4 . 7 ) .  The 

c o r r e l a t i o n  c o e f f i c i e n t  i n  each block,  between t h e  number o f  rhinos 

s i g h t e d  and t h e  number of hours  of searching t ime i s  s l i g h t l y  g r e a t e r  

than o r  equal  t o  t h a t  between t h e  number o f  rh inos  s igh ted  and t h e  number 

o f  v i s i t s  t o  t h e  b lock .  Therefore,  when p r a c t i c a b l e ,  I have used s i g h t -  

irlgs pe r  hour i n  preference  t o  s igh t ings  p e r  v i s i t ,  a s  a  measure o f  t he  

rh inos '  use  o f  each b lock .  For some purposes however, and f o r  reasons 

given i n  Sect ion 4 . 6 . 3 ,  I  have used s i g h t i n g s  p e r  v i s i t .  

Table 4.7. The reZationship between the numbers of rhinos sighted 
per month in each block and (a )  the  nmbers of hours o f  
searching time rmd (b)  the nmbers o f  v i s i t s  t o  the block. 

The data f o r  these co r r e l a t i on  coe f f i c i en t s  a r e  shown i n  Appendix G 

Spearman Rank co r r e l a t i on  c o e f f i c i e n t s  

(b) Numbers of rhinos with 
numbers of v i s i t s  

0.57 

0.82 

0.86 

0 .71 

0.84 

0.70 

Block 

A )  B 

C 

D 

E 

F 

G 

(a) Numbers of rhinos with 
numbers o f  hours 

0.60 

0.84 

0.88 

0.78 

0.84 

0.88 



Despite t h e  s i g n i f i c a n t  rank c o r r e l a t i o n  o f  t h e  nullhers of s i g h t i n g s  

of rhinos wi th  t h e  riders of hours o f  searching t ime,  t h e r e  a r e  s i g n i f i -  

cant  d i f f e r ences  between t h e  monthly r a t e s  o f  s i g h t i n g s  i n  each b lock .  

The r a t e s  of  s i g h t i n g s  of  rhinos pe r  hour i n  each o f  blocks D ,  E ,  F and G 

a r e  p l o t t e d  i n  F ig .  4 .19  f o r  each month o f  t h e  s tudy period.  The r a t e s  of 

s i g h t i n g s  i n  b locks  A, B and C a r e  not  shown because t h e r e  were very  few 

s igh t ings  i n  those  blocks.  However, the  d i s t r i b u t i o n  of  s i g h t i n g s  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  d i s t r i b u t i o n  o f  searching  time i n  each of  

t h e  seven b locks  (Kolmogorov-Smimov one sample t e s t  p  < 0.01, d a t a  i n  

Appendix H ) .  This r e s u l t  suggests  t h a t  rh inos  may have used d i f f e ren t  

b locks  wi th  varying frequency over t h e  s tudy  pe r iod .  However, t h e r e  a r e  

a l t e r n a t i v e  explana t ions  which could account f o r  some of t h e  v a r i a t i o n s .  

F i r s t l y ,  movements o f  rhinos i n t o  and out o f  the  whole s tudy a r e a  

could have caused v a r i a t i o n  i n  the frequency o f  s igh t ings  over t h e  s tudy  

per iod .  However, i t  i s  shown i n  Sect ion 4 . 6 . 3  t h a t  movements of  i d e n t i f i e d  

ind iv idua l s  w i th in  the  s tudy a rea  accounted f o r  much o f  t he  v a r i a t i o n  i n  

t h e  frequency of s i g h t i n g s  . Secondly, d i f f e r ences  i n  t h e  v i s i b i l i t y  o f  

rhinos r e s u l t i n g  from vegeta t iona l  changes o r  behavioural  changes a f f e c t e d  

t h e  frequency of rh ino  s igh t ings .  The main seasonal  changes i n  v i s i b i l i t y  

a r e  summarized i n  Sec t ion  4 . 3 . 4 .  V i s i b i l i t y  i n  blocks A ,  B ,  D,  E and F was 

b e s t  i n  t h e  sp r ing ,  b u t  t h e  f i l l i n g  o f  seasonal  wallows i n  a l l  b locks  dur- 

i ng  t h e  monsoon provided good s i t e s  f o r  rh ino  viewing. Rhinos wallowed 

l e s s  f requent ly  i n  t h e  win te r  months and, a s  t h e  g ra s s  was a l s o  t a l l  i n  

t h e  win ter ,  t he  r a t e s  o f  s igh t ings  were t h e  lowest.  However, i n  s h o r t  

g rass land ,  r iver-beds and scrub - p a r t i c u l a r l y  i n  blocks E,  F and G - 

v i s i b i l i t y  was reduced during the  monsoon and improved during t h e  win te r  

(Section 4 .3 .4 )  . 
The changes i n  r a t e s  of  s igh t ings  were not  due t o  i n f l e x i b i l i t y  of 

my observat ion methods. By changing my methods o f  f ind ing  rhinos according 





t o  t h e  season and t h e  block I w a s  i n ,  I at tempted t o  maximise t h e  chances 

of  f inding rhinos.  when t h e  t a l l  g rass land  was burned,I s a t  up i n  t a l l  

t r e e s  t o  watch rh inos  the re :  l a t e r ,  when the  grass  grew h ighe r ,  I watched 

from machans at wallows i n  t h e  same block o r  watched a t  n i g h t  from t r e e s  

n e a r  wel l  used pa ths  t h a t  l e d  t o  open a reas  such a s  r iver-beds o r  c u l t i -  

vated land.  The v a r i e t y  of observation methods used ( sec t ion  2.3) norm- 

a l l y  enabled me t o  s ee  rhinos i f  t h e r e  were i n d i c a t i o n s  from f r e s h  t r a c k s  

o r  s igns  t h a t  they  were present  in a  p a r t i c u l a r  a r ea .  The mean o f  t h e  

monthly r a t e s  of  rh ino  s i g h t i n g s  i n  b locks  D t o  G never  f e l l  below 0.45 

rhinos p e r  hour (shown in  Fig. 4 .20) .  Although t h e r e  were d i f f e r ences  

between blocks i n  the  t iming and degree o f  changes i n  v i s i b i l i t y  during 

the  s tudy per iod ,  I took the  mean r a t e  of  rh ino  s igh t ings  i n  each month 

a s  a  general  index o f  v i s i b i l i t y .  I then co r rec t ed  t h e  monthly r a t e s  i n  

each block f o r  changes i n  v i s i b i l i t y ,  by d iv id ing  each by t h e  mean r a t e  

f o r  t h a t  p a r t i c u l a r  month. 

7he cor rec ted  r a t e s  of s igh t ings  showed peaks i n  block D i n  February 

t o  May, and i n  November, and i n  block G i n  J u l y  t o  August,and Noverrber t o  

January. The peaks i n  blocks E and F were l e s s  pronounced, bu t  s i m i l a r  

t o  those  i n  block G .  General ly ,  t h e  peaks i n  block D did not  coincide 

with those  i n  blocks E,  F and G .  For example, t h e  cor rec ted  r a t e s  of 

s i g h t i n g s  i n  blocks D and F a r e  p l o t t e d  i n  Fig.  4.21. There a r e  s imi f i -  

cant  nega t ive  c o r r e l a t i o n s  between the  cor rec ted  r a t e s  o f  s i g h t i n g s  i n  

block D and those  i n  b locks  E ,  F and G (Table 4 .8 ) .  L i t t l e  s t a t i s t i c a l  

s ign i f i cance  can be  a t tached  t o  t h e s e  c o e f f i c i e n t s  because a negat ive  

c o r r e l a t i o n  i s  b u i l t  i n  t o  some e x t e n t  by t h e  cor rec t ion  f o r  v i s i b i l i t y .  . 

Nevertheless ,  t he  r e s u l t s  do i n d i c a t e  t h a t  t h e r e  were movements between 

blocks.  Although t h e  peaks were not  cons i s t en t  from year  t o  year ,  some 

degree of s e a s o n a l i t y  was ind ica ted .  

Fig. 4.22 shows t h e  corrected r a t e s  of s i g h t i n g s  expressed a s  t he  
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F i g .  4.20. The means of the monthly rates of rhino sightings in  
blocks D, E ,  F and G. 
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Table 4.8. Spearman rank correlat im coef f ic ients  between blocks, 
of the month& rates of rhino sightings corrected for 
changes in v is ib iZiQ.  

I 

J F ' M A M J  J A S O N D  

Spearman rank correlat ion c o e f f i c i e n t s  

F i g .  4.22. The means for each calendar month of the rates of 
rhino sightings in blocks D, E,  F and G cormcted 
for changes i n  v i s ib i l i t y .  

BLOCK 

E 

BLOCK F 

G 

D 

-0 .43  
(p < 0.01)  

-0.42 
(p < 0 . 0 1 )  

-0 .67  
(p < 0.001) 

E 

-0.10 
(p > 0 .10)  

+O .08  
(p > 0.10)  

F 

+0.28 
(p > 0.05) 



means f o r  each ca lendar  month f o r  t he  whole s tudy period.  There were 

peaks i n  block D during February t o  May and October t o  November. In 

blocks E and F t h e r e  were peaks in  January and i n  June, and in  block F 

t h e r e  was a f u r t h e r  peak i n  August. In block G ,  where only a  small 

percentage o f  t he  t o t a l  s i g h t i n g s  were made, t h e r e  was considerable  

v a r i a t i o n  in  t he  r a t e  o f  s igh t ings :  it was lowest i n  May and h ighes t  

i n  June,  J u l y  and December. 

To i n v e s t i g a t e  t h e  a c t u a l  movements which took p lace  and t o  d i s -  

t i n g u i s h  those  made wi th in  the  study a r e a  from those  across  i s  boundaries ,  

s i g h t i n g s  o f  i nd iv idua l  rhinos must be  considered (Section 4.6.2).  

4.6.2 Movements o f  i nd iv idua l s  

I t  was r a r e l y  poss ib l e  t o  follow i n d i v i d u a l s  f o r  long periods t o  p l o t  

t h e i r  movements. blost information on movements o f  ind iv idua ls  r e s u l t e d  

from chance r e s igh t ings  o f  i d e n t i f i e d  ind iv idua l s .  There was a  g r e a t e r  

chance o f  r e s igh t ing  r h i i o s  i n  t he  blocks i n  which I spent most t ime. 

Figs. 4.23 and 4.24 show t h e  loca t ions  of  a l l  s i gh t ings  of i nd iv idua l s  

blOOS and M045, two o f  t he  most f requent ly  observed ind iv idua l s .  Although 

t h e r e  a r e  some obvious d i f f e r ences  i n  the d i s t r i b u t i o n s  o f  t h e  s i g h t i n g s  

of the  two ind iv idua l s ,  a l l  t h e  s i g h t i n g s  a r e  concentrated i n  t h e  cen t r e  

o f  t h e  study area .  In o r d e r  t o  descr ibe t h e  ex t en t  and frequency of  

movements o f  i nd iv idua l s  it i s  necessary t o  t ake  i n t o  account t he  very 

uneven d i s t r i b u t i o n  o f  a l l  rh ino  s igh t ings  over  t h e  s tudy area .  This 

unevenness is  demonstrated i n  a  map (Fig.  4.16) , and i n  Fig. 4.25 which 

shows the  r e l a t i v e  f requencies  of  s i g h t i n g s  i n  each of  t h e  15 sub-blocks 

o f  t he  s tudy area:  an explanation f o r  t h e  clumping is  given i n  Sect ion 

2.3.1. 
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A1 A2 B 1  B 2  C 1  C 2  D E l  E 2  F 1  F 2  F 3  G 1  G2 G 3  

Blocks 

F i g .  4.25. The distribution of rhino sightings (n = 6,038) 
over the  1 5  sub-bZocks of the  Sauraha study area. 

4.6.3 Ranges 

A s  t h e  s tudy progressed I  no t iced  t h a t  s i g h t i n g s  o f  c e r t a i n  i nd iv idua l s  

were r e s t r i c t e d  t o  r e l a t i v e l y  small  p a r t s  of t he  s tudy area.  In o rde r  t o  

show t h a t  t h i s  impression was not  due merely t o  t h e  extremely clumped 

d i s t r i b u t i o n  of  s i g h t i n g s  over t he  s tudy a r e a ,  I  compared t h e  d i s t r i b u t i o n s  

of  t he  s igh t ings  o f  37 ind iv idua ls  with t h e  d i s t r i b u t i o n  of a l l  s i g h t i n g s .  

These 37 i nd iv idua l s  include a l l  those  whose loca t ions  were recorded 

on a t  l e a s t  20 d i f f e r e n t  days: except t h a t  ca lves  were only included i f  

they were seen on a t  l e a s t  20 d i f f e r e n t  days a f t e r  leaving t h e i r  mother. 

The d i f f e r ence  between t h e  d i s t r i b u t i o n  of  each ind iv idua l ' s  s igh t ings  and 

t h e  d i s t r i b u t i o n  of  a l l  s igh t ings  was t e s t e d  by the  Kolmogorov-Smirnov one- 

sample t e s t .  A s  t h e  maximum cont r ibu t ion  of  any one ind iv idua l  t o  t h e  

t o t a l  s i g h t i n g s  is  only t h r e e  percent ,  t he  two d i s t r i b u t i o n s  i n  each case  



were considered t o  be s u f f i c i e n t l y  independent no t  t o  i nva l ida t e  t h e  t e s t .  

Also, any dependence would be conservat ive,  t ending  t o  reduce t h e  chance 

of de t ec t ing  a  s i g n i f i c a n t  d i f f e r ence .  

Th i r ty - s ix  of t h e  37 i nd iv idua l s  were found t o  have d i s t r i b u t i o n s  o f  

s igh t ings  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  d i s t r i b u t i o n  of  t o t a l  s i g h t i n g s  

shown i n  Fig. 4.25 (Kolmogorov-Smirnov one-sample t e s t  p  0.01, d a t a  i n  

Appendix J ) .  i-Iorvever, t he  s t a t i s t i c a l  t e s t  used does not  d i s t i ngu i sh  d i f -  

f e r e n t  degrees o f  clumping i n  t he  s i g h t i n g s  o f  d i f f e r e n t  i nd iv idua l s .  For 

t h i s  purpose, I have p l o t t e d  ( i n  F ig .  4.26) t h e  medians and 90% ranges on 

t h e  east-west ax i s ;  t h e  90% range inc ludes  90% of a l l  loca t ions ,  with equal 

numbers on each s i d e  of  t h e  median. 

I have used the  90% range r a t h e r  than t h e  t o t a l  range because i t  

reduces any d i f f e rences  i n  range s i z e  between individuals ,caused e n t i r e l y  

by d i f f e r e n t  numbers o f  s igh t ings .  For comparison, t he  median and 90% 

range o f  t o t a l  s i g h t i n g s  o f  rhinos i s  a l s o  shown i n  Fig.  4.26; i t  can be 

seen t h a t  33 o f  t h e  36 ind iv idua l s  have more clumped d i s t r i b u t i o n s  than  

t h a t  o f  a l l  s i gh t ings ,  and t h r e e  have l e s s  clumped d i s t r i b u t i o n s .  Thus, 

89% o f  37 rhinos r e s t r i c t e d  t h e i r  movements t o  smal le r  ranges than would 

have been expected by chance, whereas only 8% ranged more widely over  t h e  

s tudy a r e a  than would have been expected from t h e  d i s t r i b u t i o n  o f  a l l  

s i gh t ings .  

Only ranges on t h e  eas t -wes t  a x i s  were considered i n  t he  above 

a n a l y s i s  (with t h e  except ion o f  t h e  r a r e l y  used sub-blocks C1 and C2). 

To i n v e s t i g a t e  t h e  ranges o f  ind iv idua l  rh inos  on t h e  north-south a x i s ,  

I looked a t  t he  d i s t r i b u t i o n s  of t h e i r  s i g h t i n g s  over  36 0.23 km wide 

s t r i p s 2  a l igned  east-west  ac ros s  the  s tudy  a rea .  Because t h e  rh ino  

The grid-width shown on t h e  maps of t h e  Sauraha s tudy a rea  (e .g .  Fig. 
4.17) i s  0.23 km. I planned t o  make it 0.25 km bu t  subsequent more 
accura te  measurements l e d  me t o  change t h e  s c a l e .  
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F i g .  4.26. The medians and 30% ranges on the E-W axis 
o f  37 individuaZs and o f  t o ta l  s-ightings. 



h a b i t a t  does not l i e  t r u e  east-west ,  I considered t h r e e  regions comprising 

blocks A and B, b locks C,  D and E ,  and blocks F  and G ,  wi th in  each of  

which t h e  rhino h a b i t a t  does not  dev ia t e  appreciably from eas t-west a l i g n -  

ment. For each of t h e  same 37 rhinos,  I  compared t h e  d i s t r i b u t i o n  o f  i t s  

s igh t ings  on t h e  north-south ax i s  wi th  t h e  d i s t r i b u t i o n  o f  t h e  t o t a l  

regional  s i g h t i n g s  on the  north-south a x i s  f o r  t h e  region i n  which t h a t  

ind iv idua l  was seen most f requent ly .  Only nine o f  t h e  37 rhinos had d i s -  

t r i b u t i o n s  of s igh t ings  s i g n i f i c a n t l y  d i f f e r e n t  from the  d i s t r i b u t i o n s  o f  

t o t a l  reg iona l  s i g h t i n g s  i n  t h e i r  reg ions  (Kolmogorov-Smirnov one-sample 

t e s t  p < 0.01) .  

Fig. 4.27 shows t h e  medians and 90% ranges,  on t h e  north-south a x i s ,  

o f  a l l  37 ind iv idua l s  and those  o f  t h e  t o t a l  reg iona l  s igh t ings  f o r  t h e  

t h r e e  regions.  Of t h e  nine ind iv idua ls  wi th  d i s t r i b u t i o n s  o f  s i g h t i n g s  

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  r eg iona l  t o t a l ,  s i x  had smal le r  90% 

ranges and th ree  had l a r g e r  90% ranges than t h e  corresponding t o t a l  

reg iona l  s igh t ings .  ?here were no s i g n i f i c a n t  d i f f e r ences  f o r  t h e  o t h e r  

28 i nd iv idua l s ,  and t h e i r  ranges d i f f e r e d  only with respec t  t o  t h e  e a s t -  

west a x i s .  

In conclusion, it is  c l e a r  t h a t  t h e s e  rh inos ,  when they  were i n  t h e  

study a rea ,  spent  most o f  t h e i r  t ime i n  a  small  p a r t  o f  i t ,  which I  have 

termed t h e i r  range (defined i n  Sect ion 4.6.3.1) . I have avoided using 

the  term home-range because o f  the  many i n t e r p r e t a t i o n s  poss ib le .  The 

s tudy a rea  can be  envisaged as divided i n t o  a  s e r i e s  o f  overlapping ranges 

from e a s t  t o  west with r e l a t i v e l y  few d iv i s ions  on t h e  north-south a x i s .  

4.6.3.1 S i zes  o f  ranges 

I have used t h e  90% ranges on t h e  east-west  and north-south axes t o  

def ine  t h e  limits o f  each ind iv idua l  ' S  ' range '  . I considered us ing  

e l l i p s e s  a s  t h e  b a s i s  o f  range a rea  c a l c u l a t i o n ,  but  used rec tangles  
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P i g .  4.27. The medimts and 90% ranges on the N-S axis  of  37 indi -  
viduals and o f  t o t a l  regional sightings for three regions. 



i n s t e a d  f o r  two reasons.  F i r s t l y ,  t h e  p a t t e r n  of rh ino  movements seemed 

t o  be mainly along t h e  east-west  ax i s  and then  no r th  and south from p o i n t s  

along t.he r i v e r ,  and t h e r e  was no i n d i c a t i o n  t h a t  t h e  north-south movements 

werr s h o r t e r  near  t h e  e a s t e r n  and western l i m i t s  of an i n d i v i d u a l l s  range. 

Secondly, t he  a r ea  o f  an e l l i p s e  is a  cons tan t  proport ion (n/4) of  t h a t  o f  

a  r ec t ang le  with the  same axes.  For comparative purposes,  i t  makes l i t t l e  

d i f f e r ence  which is used. Thus, I have regarded rh inos1  ranges a s  r ec t ang le s  

and have ca l cu la t ed  t h e i r  a r eas  according t o  t h e  l i m i t s  def ined above. 

Range a reas  var ied  between 0.44 and 8.86 sq .  kms,and a re  shown f o r  each 

ind iv idua l  i n  Fig.  4.28. I t  i s  important t o  remember how t h e  range a reas  

were ca l cu la t ed ,  when making comparisons between ind iv idua l s1  range s i z e s  

and drawing conclusions from them. The def ined  ranges a r e  only an approx- 

imation t o  t he  ac tua l  a reas  used by t h e  rhino.  ?ko f a c t o r s  i n  p a r t i c u l a r  

make t h e  defined ranges d i f f e r e n t  from t h e  a c t u a l  a r eas  used by t h e  rh inos .  

F i r s t l y ,  most s igh t ings  of rhinos were i n  open grassland and wallows 

which l ay  i n  a  narrow band along the  main r i v e r - v a l l e y  (Figs.  4 . l 6  and 

4.17).  This  was p a r t l y  because rh inos  were easy  t o  see  when they  were i n  

t h i s  band: t he re fo re  t h e  d i s t r i b u t i o n  o f  s igh t ings  on the  north-south 

a x i s  i s  probably l e s s  r ep re sen ta t ive  o f  t h e  ranges o f  rhinos on t h a t  a x i s  

than the  d i s t r i b u t i o n  of  s igh t ings  on t h e  east-west  a x i s .  The rh inos '  

use o f  a g r i c u l t u r a l  l and  f u r t h e r  confounded t h e  ca l cu la t ion  o f  range 

s i z e s  because it was only  poss ib le  t o  d iscover  t h e  use o f  such areas  at 

n i g h t ,  when observa t ions  ( p a r t i c u l a r l y  i nd iv idua l  i d e n t i f i c a t i o n s )  were 

more d i f f i c u l t .  

Secondly, t h e  ca l cu la t ed  range a reas  a r e  t h e  ranges of  rhinos only 

while  i n  the  study a rea .  Many rhinos were not  seen f o r  periods o f  up t o  

severa l  months. Table 4.9 shows the  numbers o f  s i g h t i n g s  of  37 i n d i v i d u a l s  

i n  each of  the  13 t h r e e  month periods o f  t h e  s tudy .  There a r e  gaps i n  t h e  

records f o r  even t h e  most f requent ly  s igh ted  ind iv idua l s ,  and it seems 



F i g .  4.28. Raqe areas of individuaZ rhinos classified according 
to s a  and we. 

l i k e l y  t h a t  rh inos  moved e i t h e r  t o  t h e  per iphery  o f  t h e  s tudy a rea  o r  

completely out o f  i t  at some times. There was no s i g n i f i c a n t  c o r r e l a t i o n  

Crs = +0.01, p  > 0.10) between the  c a l c u l a t e d  range s i z e s  and t h e  nunber 

o f  t h r e e  month per iods  during which each ind iv idua l  was seen a t  l e a s t  once. 

This sugges ts  t h a t  t h e  ca lcu la ted  range a reas  a r e  s u i t a b l e  f o r  comparison 

of ranges while t h e  rh inos  were i n  t h e  s tudy  a rea ,  even though some rh inos  

spent per iods ou t s ide  t h e  study a rea  o r  i n  p a r t s  o f  it where observa t ion  



Table 4.9. The nwnbers o f  observations of 37 individuals i n  13 
threemonth periods. 



was d i f f i c u l t .  

Fig. 4.28 shows t h e  range s i z e s  wi th  means f o r  each sex and age c l a s s  

o f  rh ino .  There were no s i g n i f i c a n t  d i f f e r ences  between t h e  range s i z e s  

o f  males and females,although male ranges were more va r i ab l e  i n  s i z e  than  

female ranges. The ranges of sub-adul ts  (+ = 3.64 km2, n = 12) were not  

s i g n i f i c a n t l y  l a r g e r  than  t h e  ranges of  a d u l t s  (K = 3.08 km2, n = 25) (Mann 

Whitney U t e s t  p > 0.10) .  This i s  d iscussed  below in  Sec t ion  4.6.3.2 

where t h e  s i z e s  of home ranges a re  r e l a t e d  t o  t h e i r  l oca t ions  and h a b i t a t  

t ypes .  

4.6.3.2 The r e l a t i o n s h i p  between range s i z e  and locat ion 

In Fig. 4.29, t h e  length  of t h e  90% range on t h e  east-west ax i s  i s  

p l o t t e d  aga ins t  t h e  length o f  the 90% range on t h e  north-south a x i s  f o r  

each o f  t h e  37 most f requent ly  s ighted  rh inos .  There is a p o s i t i v e  cor -  

r e l a t i o n  ( r s  = +0.54, p < 0.01) between t h e  values o f  t he  two 90% ranges,  

which i n d i c a t e s  t h a t  those ind iv idua l s  w i th  a l a r g e  range on one a x i s  were 

a l s o  l i k e l y  t o  have a l a rge  range on t h e  o t h e r  a x i s .  I t  was shown above 

t h a t  most i nd iv idua l  90% ranges on t h e  north-south a x i s  were s i m i l a r  t o  

t h e  90% ranges o f  t o t a l  regional  s i g h t i n g s .  Thus, those rhinos i n  reg ions  

with a  l a rge  90% range of t o t a l  reg iona l  s i g h t i n g s  on t h e  north-south a x i s  

were l i k e l y  t o  have l a r g e r  90% ranges on the  east-west  a x i s  than rh inos  i n  

o t h e r  regions.  

Table 4.10 shows t h e  mean s i z e s  o f  t h e  ranges o f  rhinos according t o  

t h e  p o s i t i o n s  o f  t h e i r  median loca t ions  on t h e  east-west  ax i s .  There were 

s i g n i f i c a n t  d i f f e r ences  i n  range s i z e  between t h e  rhinos with median 

loca t ions  i n  blocks D ,  E and F (Kruskal-Wallis t e s t ,  p < 0.05) .  Range 

s i z e s  increased  from west t o  ea s t :  t h e  d i s t r i b u t i o n  of  h a b i t a t  types  a l s o  

d i f f e r e d  between blocks D, E and F, becoming more open and l e s s  d iverse  

from west t o  e a s t  (discussed i n  Sect ion 6.1.2) .  
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Table 4.1 0. Range areas i n  reZaticm t o  the i r  Zocations. 

Kruskal-Wallis one-way analysis  of variance (D,E,F): p <0.05 
F >  D, Mann Whitney U t e s t :  p <0.01. 

The small  s i z e d  ranges of  t h e  ind iv idua l s  i n  block G a r e  probably 

not  t r u e  r ep re sen ta t ions  o f  t h e  movements o f  t hose  rh inos .  I t  was l i k e l y  

t h a t  a t  l e a s t  two of t hese  animals moved up r ive r  t o  the  e a s t ,  and t h a t  

t h e i r  ranges wi th in  t h e  s tudy a rea  were n o t  r ep re sen ta t ive  o f  t h e i r  a c t u a l  

ranges. 

Mean ran e S area  (km ) 

5.44 

2.15 

3.51 

4.26 

1.70 

A,B 

D 

E 

F 

G 

4 . 6 . 3 . 3  Comparisons o f  the  s i z e s  and loca t ions  of 

i nd iv idua l s  ' ranges 

Numbers of rhinos with 
median east ing in  the block 

1 

9 

12 

11 

4 

Rhinos have ranges which d i f f e r  i n  s i z e  and loca t ion  between i n d i -  

v idua l s  (Sect ion 4 . 6 . 3 . 2 ) .  These ranges a r e  by no means exc lus ive ,  and 

indeed it appeared t h a t  s eve ra l  rh inos  used almost exac t ly  t h e  same ranges 

a s  one another .  To demonstrate s i m i l a r i t i e s  and d i f fe rences  between 

ind iv idua l s  i n  t h e i r  ranging behaviour,  I have considered t h e  d i s t r i b u t i o n s  

o f  s igh t ings  over  t h e  15 sub-blocks of t h e  s tudy  a rea ,  f o r  each o f  t h e  37 

ind iv idua l s  with more than  20 s igh t ings .  I used a p r inc ipa l  component 

ana lys i s  on t h e  d a t a  f o r  t h e  37 i nd iv idua l s .  This  procedure, descr ibed 

by Cower (1966), ca l cu la t ed  a co r re l a t ion  matr ix o f  t h e  ind iv idua l s '  

values f o r  each o f  s eve ra l  va r i ab l e s .  The va r i ab l e s  were the  15 sub-blocks 



of  t h e  study a rea  and t h e  va lues  were t h e  numbers of s igh t ings .  

The p l o t  of  t he  second p r i n c i p a l  component aga ins t  t h e  f i r s t  i s  

shown i n  Fig. 4.30: t h e s e  two components accounted f o r  64% o f  t he  

variance.  The p l o t t e d  p o i n t s  appear t o  be clumped, and t o  demonstrate 

t h a t  they a r e ,  t h i s  p l o t  should be compared with t h a t  i n  Fig. 4.31. The 

l a t t e r  p l o t  i s  t h e  r e s u l t  of p r i n c i p a l  component ana lys i s  o f  randomized 

da t a  f o r  t he  37 ind iv idua l s .  In  two such p l o t s  t h e  f i r s t  two p r i n c i p a l  

components accounted f o r  only 30% of t h e  var iance ,  and the  p l o t t e d  p o i n t s  

were widely s c a t t e r e d .  By c o n t r a s t ,  f o u r  d i s t i n c t  groups of po in t s  can b e  

d i s t i ngu i shed  i n  Fig. 4.30, and these  have been c i r c l e d .  Such clumping o f  

p o i n t s  i s  un l ike ly  t o  have occurred by chance but  it i s  impract icable  t o  

c a l c u l a t e  t h e  s ign i f i cance  value f o r  it (D. Brown, pers .  comm., 1978) . 
Although most o f  t he  var iance  i s  accounted f o r  by t h e  f i r s t  two 

p r i n c i p a l  components, f i n e r  d i s t i n c t i o n s  can be made by considering the  

t h i r d  p r inc ipa l  component. The t h i r d  p r i n c i p a l  component i s  p l o t t e d  

aga ins t  t h e  f i r s t  i n  Fig. 4.32; t h e  c i r c l e d  p o i n t s  correspond t o  t h e  

fou r  groups d i s t i ngu i shed  i n  F ig .  4.30. I t  can be seen t h a t  t h e  t i g h t -  

e s t  group of po in t s  ( i )  has a  span o f  only 1 .0  u n i t s  on the  a x i s  of  t h e  

t h i r d  p r i n c i p a l  component. The groups of  p o i n t s  l abe l l ed  ( i i )  and ( iv)  

a r e  separa ted  by l e s s  than 3.5 u n i t s .  The s c a t t e r e d  unc i rc led  po in t s  i n  

Fig. 4.30 a r e  a l s o  separa ted  by l e s s  than 3.5 u n i t s  on t h e  v e r t i c a l  s c a l e  

i n  Fig. 4.32. Only i n  group ( i i i )  i s  t h e r e  a  separa t ion  of g r e a t e r  t han  

3.5 u n i t s  on t h e  v e r t i c a l  s ca l e ;  the  p o i n t s  corresponding t o  i nd iv idua l s  

F192 and F122 a r e  separa ted  by 4.7 u n i t s  from t h a t  of M013. 

The p r inc ipa l  component ana lys i s  i nd ica t ed  c o r r e l a t i o n s  between c e r t a i n  

i nd iv idua l s  i n  t h e  d i s t r i b u t i o n s  of t h e i r  s i g h t i n g s  over t he  s tudy a rea .  I 

examined t h e  d i s t r i b u t i o n s  o f  t h e  s igh t ings  of t h e  37 ind iv idua l s ,  bea r ing  

i n  mind t h e  groups i n t o  which t h e  p r i n c i p a l  component ana lys i s  had divided 

them. I considered t h e  unc i r c l ed  po in t s  i n  Fig. 4.30 and 4.32 a s  one group 
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Fig. 4 .  31. Principal component analysis of rancbmized distributions 
of the sightings of  37 individuals over 1 5  sub-blocks: a 
plot of the second principal mmponent g a i n s t  tZ2e f i r s t .  

and s p l i t  group ( i i i )  i n t o  two, f o r  t h e  reasons given above. The 37 

rh inos  were thus d iv ided  i n t o  f i v e  groups o f  from two t o  13  i nd iv idua l s ,  

and one s i n g l e  i nd iv idua l .  

The rhinos o f  each group have c e r t a i n  common c h a r a c t e r i s t i c s  i n  t h e  

p o s i t i o n s  o f  t h e i r  median loca t ions  and the  s i z e s  o f  t h e i r  90% ranges on 

t h e  east-west a x i s .  They a r e  l i s t e d  i n  t h e i r  groups i n  Table 4  .l1 with 

t h e  c h a r a c t e r i s t i c s  o f  t h e i r  90% ranges on t h e  east-west  ax i s .  A f u r t h e r  

21 rh inos ,  f o r  which t h e r e  were between 10 and 19 loca t ions  apiece,  a r e  

a l s o  l i s t e d ,  c l a s s i f i e d  i n t o  groups according t o  t h e  c h a r a c t e r i s t i c s  used 

t o  descr ibe  t h e  ranges of  t h e  o r i g i n a l  37 i nd iv idua l s  (Table 4.11) . Only 

one of  t he  2 1  i nd iv idua l s  - M062 - d id  not  f i t  i n t o  any of  t h e  groups 

(discussed i n  Sect ion 4 . 6 . 4 ) .  

The s i x  groups o f  i nd iv idua l s  i n  Table 4.11 a r e  d is t inguished  by t h e  

c h a r a c t e r i s t i c s  o f  t h e i r  ranges on t h e  east-west  ax i s  only.  This i s  





T d Z e  4.11. The characteristics of  the eight categories of ranges 
m d  the  iden t i t i e s  of the indiuiduuts i n  each category. 

Pos t sc r ip t  (A) denotes ind iv idua l s  i n  ca tegor ies  211 o r  4A,  which have s i g n i f i c a n t l y  l a rger  90% ranges on 
t h e  north-south a x i s  than those in  ca tegor ies  2 a n d  4 r e spec t ive ly .  

j u s t i f i e d  f o r  most i nd iv idua l s ,  as it i s  shown above (Section 4 . 6 . 3 . 2 )  

t h a t  28 of t h e  37  i nd iv idua l s  d id  not d i f f e r  s i g n i f i c a n t l y  from the  o t h e r s  

o f  t h e i r  regions,  i n  t h e  d i s t r i b u t i o n s  of  t h e i r  s igh t ings  on t h e  nor th-  

south a x i s .  I a l s o  had considerable  d i f f i c u l t y  i n  f ind ing  rh inos  t o  t h e  

no r th  and south o f  a  narrow s t r i p  al igned approximately east-west  across  

t h e  study a r e a .  Therefore I d i d  not a t t a c h  much importance t o  t h e  f a c t  

t h a t  some ind iv idua l s  had 90% ranges on t h e  north-south ax i s  which were 

smal le r  than t h a t  o f  t h e  t o t a l  reg iona l  s i g h t i n g s .  However, t h r e e  of  t h e  

n ine  ind iv idua l s  with s i g n i f i c a n t l y  d i f f e r e n t  90% ranges on t h e  nor th-  

south a x i s  had l a r g e r  ranges than t h a t  of  t h e  t o t a l  reg iona l  s igh t ings .  

S imi l a r ly ,  t h r e e  of  t he  l e s s  f requent ly  s i g h t e d  ind iv idua ls  had s i g n i f i c a n t l y  

Category No. 

Numbers o f  ind iv idua l s  
with 220 s igh t ings  

Pos i t ion  of  median 
longi tude 

90% ranges on e a s t -  
west a x i s  bctween 

Lengths of  90% ranges 
on east-west  axis  (Lms) 

Individuals  

Numbers o f  individuals  
with 10-19 s igh t ings  

Individuals  

(2) 

l 3  

165.0-169.9 

162-180 

0.7-3.6 

h100 1 (A) 
+D02 (A) 
bQO 4 
PI005 
F073 
F07S 
F078 
F081 
F084 
F090 
f098 
F099 
f 100 

7 

h105 3 (A) 
F043 
F102(A) 
f 149 
F187 (A) 
F188 
f196 

(1) 

1 

c165.0 

150-170 

.9-3.0 

BD13 

3 

F100 3 
bD34 
F194 

(3) 

2 

170.0-170.9 

164- 181 

1.2-2.5 

F122 
F192 

1 

M6 l 

(4) 

9 

170.0-175.9 

164- 193 

2.9-6.3 

F0 66 
m087 
F110 
F113 
F130 
F161 (A) 
F163 
f l6S 
F170 

4 

m048 
m064 
f172 
f221 

(5) 

8 

176.0-180.0 

165-183 

2.3-3.6 

b1045 
.m054 
m055 
mD5 7 
no60 
n0 76 
fl6O 
f179 

3 

m049 
F138 
m253 

(6) 

4 

>180.0 

170-197 

0.9-5.4 

m032 
F10 S6 
F134 
F141 

2 

F152 
F1 80 



l a r g e r  90% ranges on t h e  north-south ax i s  than o t h e r s  i n  t h e i r  reg ions .  

I have d i s t i ngu i shed  these  s i x  i nd iv idua l s ,  B1001, b1002, F161, M054, F102 

and F187 i n  Table 4 .l1 by t h e  p o s t s c r i p t  ( A ) .  

Thus, with t h e  two subgroups, 2A and 4A, t h e r e  a r e  e ight  f a i r l y  

d i s t i n c t  ca t egor i e s  o f  home range and ranging behaviour t o  which 57 o f  

t he  58 ind iv idua l s  can be  assigned.  The c h a r a c t e r i s t i c s  o f  the ranges o f  

each group and subgroup a r e  shown schemat ica l ly  i n  Fig. 4.33. 

East ings and nor th ings  r e f e r  t o  maps (e.g. Fig. 4.17) o f  t h e  Sauraha 
study a rea .  The r ec t ang le s  enclose t h e  90% ranges on both axes o f  
a l l  i nd iv idua l s  i n  t h e  category. The median loca t ions  o f  a l l  i n d i v i -  
duals  i n  t h e  category l i e  within t h e  shaded po r t ions  o f  t he  r ec t ang le s .  

Fig. 4 . 3 3 .  A schematic representation of the character5stics of the 
eight catqories of rmges defined in Table 4.11. 

4.6.3.4 Seasonal movements of i nd iv idua l s  

Rhinos moved seasona l ly  e i t h e r  between blocks o r  i n t o  and ou t  from 

blocks t o  p l aces  ou t s ide  t h e  study a r e a  (Sect ion 4.6.1) .  Ind iv idua ls  had 



ranges which they  occupied when they  were i n  t h e  s tudy area,and these  

va r i ed  in  s i z e  and loca t ion  (Section 4 .6 .3) .  Here, t h e  gross seasonal  

movemeEts demonstrated i n  Sect ion 4.6.1 a r e  shown t o  be l a rge ly  the  r e s u l t  

o f  seasonal  changes i n  t h e  p a t t e r n s  o f  i nd iv idua l s '  range use.  

There were v a r i a t i o n s  i n  t h e  d i s t r i b u t i o n s  o f  t h e  s igh t ings  o f  i n d i -  

v idua ls  over  t ime. For example, Fig. 4.34 shows t h e  numbers of  s i g h t i n g s  

o f  an adu l t  female, F110, i n  each o f  t h e  seven blocks of the  s tudy a r e a  

f o r  each o f  11 four-month pe r iods .  'Nenty-two of t he  29 s igh t ings  i n  

blocks D and E were between February and Play of t h e  two years ,  whereas 

23 o f  t h e  28 s i g h t i n g s  i n  b locks  F and G were between June and January.  

However, it is more use fu l  t o  consider  v a r i a t i o n s  i n  r a t e s  of s igh t ings .  

The number o f  v i s i t s  t o  a block i s  almost as good a measure of  searching  

e f f o r t  a s  t h e  number o f  hours  spent i n  a block (Section 4.6.1) .  In o r d e r  

t o  look a t  seasonal d i f f e r ences  i n  t h e  r a t e s  o f  s igh t ings  i n  each b lock ,  

I have used t h e  number o f  v i s i t s  r a t h e r  than t h e  number of  hours as  a 

measure o f  searching  e f f o r t .  Using t h e  number o f  v i s i t s  t o  a block,  each 

v i s i t  can b e  scored as one i n  which a p a r t i c u l a r  ind iv idua l  was e i t h e r  

seen o r  not seen, and consecut ive v i s i t s  (un l ike  consecutive hours) can 

be regarded a s  independent. 

The study a r e a  has been divided i n t o  two p a r t s  along t h e  boundary 

between blocks E and F, which i s  t h e  block boundary nea re s t  t o  t h e  median 

loca t ion  o f  F110 on the  east-west  a x i s .  For each o f  t he  two p a r t s  o f  t h e  

s tudy  a rea ,  t h e  number o f  v i s i t s  during which F110 was seen,was compared 

with t h e  t o t a l  number of v i s i t s ,  i n  each season.  There were s i g n i f i c a n t  

o v e r a l l  d i f f e r ences  i n  bo th  p a r t s  o f  t h e  s tudy  a r e a  (X2 = 14.18 and 16.39 

p 0.001; Fig. 4 .34 ) .  In blocks A t o  E ,  F110 was seen s i g n i f i c a n t l y  more 

f r equen t ly  during spr ing  (Section 4.1.1) than  expected from the  r e l a t i v e  

number of v i s i t s  made during t h a t  season (X2 = 11.70, p < 0.001). On 

t h e  o t h e r  hand, the  same indiv idua l  was seen l e s s  f requent ly  than expected 



- MAM 

J JAS 1973 

ONDJ 

FMAM 

J JAS 1974 

ON-J  

-MAM 

I ON- - 

June 1976 

A/B C D E F G 
Blocks 

F i g .  4 .34 .  SeasonaZ variations in the Zocations of sightings of F11 0. 



Fig. 4.34 (mntinued) 

X2 = 14.8 p < 0 . 0 0 1  d f  = 2 X2 = 16.39 p  0.001 df  = 2  

The f i g u r e s  i n  b racke t s  a r e  t he  expected numbers o f  s igh t ings  on t h e  n u l l  
hypothesis  t h a t  F110 d id  no t  show seasonal  changes i n  range use .  

Visits seen 

V i s i t s  not  seen 

Tota l  v i s i t s  

i n  blocks F t o  G during sp r ing  (X2 = 5.59,  p  0.02).  She was seen s i g -  

n i f i c a n t l y  l e s s  f r equen t ly  than expected i n  t h e  western p a r t  o f  t h e  s tudy 

a r e a  in  w in te r ,  and s i g n i f i c a n t l y  inore f requent ly  than expected i n  t he  

e a s t e r n  p a r t  during the  monsoon. The evidence the re fo re  i nd ica t e s  t h a t  

F110 spent  more time i n  blocks A t o  E during t h e  spr ing  and more time i n  

b locks  F t o  G during t h e  r e s t  o f  the  year .  

Table 4.12 shows t h e  r e s u l t  of t h e  same t e s t s  on t h e  d i s t r i b u t i o n s  o f  

s i g h t i n g s  of  t he  37 most f r equen t ly  s igh ted  ind iv idua l s .  The s tudy a r e a  

was divided i n t o  two p a r t s  e i t h e r  a t  t h e  boundary between blocks D and E 

o r  at t h a t  between b locks  E and F; whichever was t h e  nea re s t  t o  t he  median 

loca t ion  of t h e  ind iv idua l  on the  east-west  a x i s .  The d iv is ion  was between 

E and F f o r  2 1  rh inos  and between blocks D and E f o r  t h e  o t h e r  16. 

There were enough s i g h t i n g s  of only 15 rh inos  t o  t e s t  f o r  uneven 

d i s t r i b u t i o n  over t h e  seasons i n  both p a r t s  of t h e  s tudy a rea ;  t h e r e  were 

s i g n i f i c a n t  d i f fe rences  i n  both p a r t s  f o r  14 o f  t hese  rh inos ,  and i n  one 

p a r t  only f o r  one rhino (Table 4.12). S ix teen  o f  t h e  remaining 22 rh inos  

showed s i g n i f i c a n t  d i f fe rences  i n  the d i s t r i b u t i o n s  o f  s i g h t i n g s  over  t h r e e  

seasons i n  one p a r t  o f  t h e  s tudy  a rea ,  f o u r  showed no s i g n i f i c a n t  d i f f e r ences ,  

BLOCKS A t o  E 

FBlAM 

2  2  
(13.0) 

207 

229 

BLOCKS F  t o  G 

FFMI 

5  
(10.9) 

162 

167 

JJAS 

7  
(9.2) 

154 

161 

JJAS 

18 
(8.5) 

112 

130 

ONDJ 

0  
(6.8) 

119 

119 

TOTAL 

2  9  

480 

509 

ONDJ 

5  
(8.6) 

127 

132 

TOTAL 

2  8  

401 

429 



Table 4.12. SeasonaZ &ations in  the distributions of the sightings 
of individuai! rhinos between two parts of the Sauraha 
study area. 

Individual  

h10 13 
h100 J 
hK)O 1 
H002 
F075 
F090 
f098 
F084 
F073 
F0 78 
h1005 
F099 
f l00 
F08 1 
F12 2 
F192 

Individual  

F161 
F163 
f 165 
F086 
F1 l 0  
m0 87 
ha45 
F1 70 
F1 13 
m060 
m054 
m055 
m0 76 
f179 
m05 7 
f160 
m032 
F1056 
F139 
1:14 1 

t I  - hlore 

L - Fewer s i g h t i n g s  than expected: x2  t e s t  p < 0.05 

= - Number of si  h t i n g s  not s i g n i f i c a n t l y  d i f f e r c n t  from S expected: X t e s t  p > 0.05 

0 - I n s u f f i c i e n t  s i gh t i ngs  f o r  s i g n i f i c a n c e  t e s t .  

The da t a  a r e  shown i n  Appendix J .  

Blocks A t o  D - 
1 :  JJAS ONDJ 

11 - - L 
Ii L - - 
l4 L L 
I I  L - - 
H L L 
I I  - - L 
I I - L - 
H - - L 
I I L L - - - - - - 

- ti - L 
- H - L 
0 

tl - - L 
0 
0 

Blocks A t o  E 

FhMl JJAS ONDJ 

0 
H L L 

0 
- I I - L 

H L - - 
0 

H - - L 
0 
0 
- - H - - 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

s i g h t i n g s  than expected: X2 

Blocks E t o  G 

FhW1 J.JAS OSDJ 

0 
0 
- - L - - 
0 

L I I L 
- L I i - 

L I I L 
- L I I - 

L - I I - 
- L I I - 

- - - - I I 
L I I L 
- - - - - - 
- - H L 
L I I L 
L H L 

Blocks F t o  C 

FFWl JJAS ONDJ 

I i - - L 
- - - I I  - 

0 - L Ii - 
L I I - - 
- - l i L - - H - - 
L - - - - 
L 14 - - 
L H L 
- - I I - - 
L l l L 
L I I L 
L I I L 
L ti L 
L H - - 

0 
- - - - - - 
- - - - - - 
- - - - - - 

t e s t  p < 0.05 



and t h e r e  were t o o  few s i g h t i n g s  f o r  t h e  t e s t  i n  both p a r t s  of t h e  s tudy  

a r e a  f o r  t h e  remaining two ind iv idua l s .  The d a t a  f o r  a l l  37 ind iv idua l s  

i s  shown i n  Appendix K .  

Table 4.13 summarizes, f o r  each p a r t  of t h e  s tudy a rea  and f o r  each 

season, t h e  nwnbers o f  rhinos which were seen s i g n i f i c a n t l y  more f r equen t ly  

t han ,  o r  as  ,expected from the  numbers of v i s i t s  made during each season.  

Of t he  15 rhinos with s u f f i c i e n t  s igh t ings  t o  t e s t  f o r  s ign i f i cance  i n  

both p a r t s  of t h e  s tudy  a rea ,  14, o r  93%, were seen more f r equen t ly  than 

expected i n  t he  western p a r t  during t h e  s p r i n g  and 11, o r  73%, were seen 

l e s s  f r equen t ly  than expected i n  t he  eas t e rn  p a r t  during the  same season.  

Table 4.1 3.  The nmbers of indiwiduals seen significantZy more rmd 
less freqtcentty t h m  expected frcm the number of v i s i t s  
i n  each season in two parts of the Sauxuha study area. 

The upper figure i n  each ce l l  refers t o  the 15 individuals w i t h  suf f ic ien t  
numbers of sightings t o  t e s t  for  significance i n  both parts  of the study area. 
The lower figure refers  t o  the t o t a l  of a l l  rhinos with suff ic ient  numbers of 
sightings t o  t e s t  for  significance in  the part  of the study area indicated. 

The t e s t  used i s  the X 2  t e s t  referred t o  i n  Table 4 . 1 2  (data in Appendix J) . 

Blocks 

Seasons 

Frequency of sightings 

> expected 

No signif icant  difference 
from expected 

< expected 

Totals 

There were s i m i l a r  bu t  l e s s  s t r i k i n g  d i f f e r ences  between the  two p a r t s  

o f  t h e  s tudy a r e a  i n  t h e  o t h e r  seasons, wi th  most rh inos  be ing  seen more 

f requent ly  than  expected i n  t h e s e a s t e r n  p a r t  during t h e  monsoon and l e s s  

A t o  E o r  A t o  D 

FMAM 

14 
(17) 

1 
(1) 

15 
(18) 

E t o  G o r  F t o  G 

FkW1 

0 
(2)  

4 
(9 1 

11 
(21) 

15 
(32) 

JJAS 

11 
(14) 

4 
(4) 

15 
(18) 

ONDJ 

2 
(2) 

13 
(16) 

15 
(18) 

JJAS 

1 2  
(23)  

3 
(9) 

15 
(32) 

ONDJ 

1 
(1) 

9 
( 17 )  

5 
(14) 

15 
(32) 



f r equen t ly  than expected i n  t he  western p a r t  during t h e  winter .  Among 

t h e  ind iv idua l s  f o r  which t h e r e  were i n s u f f i c i e n t  s i g h t i n g s  i n  one p a r t  

o f  t h e  s tudy a r e a ,  most of t he  few s i g h t i n g s  were made during s p r i n g  i n  

t h e  western p a r t  o f  t h e  s tudy  a rea  and during t h e  monsoon i n  t h e  e a s t e r n  

p a r t .  

Thus, t h e  general  movements of  rh inos  which were ind ica t ed  by t h e  

evidence presented  i n  Sect ion 4.6.1 a r e  accounted f o r ,  a t  l e a s t  i n  p a r t ,  

by t h e  movements of  known re s iden t  i n d i v i d u a l s  wi th in  t h e  s tudy a r e a .  

The general t r e n d  i s  f o r  rh inos  t o  move from blocks F and G i n t o  blocks 

D and E during t h e  spring,and out again t o  b locks  F and G during t h e  

monsoon. The degree o f  movement va r i ed  between ind iv idua l s ;  some came 

i n  from considerable  d i s t ances ,  and o t h e r s  ' s tayed i n  t h e  c e n t r a l  blocks 

o f  t h e  s tudy a r e a  t h e  year  round. 

4.6.3 .S Changes i n  t h e  pa t t e rn  of u se  o f  t h e  ranges of  

i nd iv idua l s  over  t h e  s tudy  pe r iod  

The ranges of  a l l  i nd iv idua l s  a r e  der ived  from t h e  loca t ions  o f  those  

ind iv idua l s  over  a  per iod  o f  3% years .  Seasonal ly repeated changes i n  t h e  

use of  d i f f e r e n t  p a r t s  o f  t h e  ranges a r e  descr ibed  above (Section 4.6.3.4) .  

In t h i s  s ec t ion ,  more permanent changes i n  i nd iv idua l s1  use o f  t h e i r  home 

ranges a r e  descr ibed.  Table 4.9 shows t h a t  many ind iv idua l s  were n o t  seen 

f o r  per iods o f  up t o  t h r e e  months, and a few were not  seen f o r  up t o  one 

year.  L i t t l e  can b e  deduced about t h e  changes i n  those  ind iv idua l s '  u se  

o f  t h e i r  ranges,  although it was l i k e l y  t h a t  they  had moved away from t h e  

s tudy area .  Here, I consider  changes i n  i n d i v i d u a l s '  use  of  ranges wi th in  

t h e  s tudy a r e a  only.  

I demonstrated seasonal  movements by comparing t h e  r a t e s  o f  s i g h t i n g s  , 

o f  ind iv idua ls  i n  each o f  two p a r t s  of  t h e  s tudy a r e a  i n  each season 

(Section 4.6.3.4). A simple d iv i s ion  o f  the  study a r e a  i n t o  two p a r t s  was 

e f f e c t i v e  i n  demonstrating t h e s e  movements, bu t  when inves t iga t ing  



ind iv idua l  v a r i a t i o n  i n  t h e  use of home ranges ove r  t h e  whole s tudy 

per iod ,  I found t h a t  f i n e r  d i v i s i o n s  were necessary  t o  show more permanent 

changes i n  t he  use o f  home ranges.  

Taking ind iv idua l  F073 a s  an example, Fig.  4.35 shows t h e  r a t e s  of  

s i g h t i n g s  of  t h a t  i nd iv idua l  i n  each block o f  t h e  s tudy a r e a  i n  t h r e e  

success ive  twelve-month pe r iods  from Dece&er 1972 t o  December 1975. The 

r a t e s  o f  s i g h t i n g s  a r e  expressed as t h e  percentages o f  my v i s i t s  t o  each 

block during which I saw F073. This female ' s  range appeared t o  have ex- 

panded s l i g h t l y  ove r  t h e  s tudy  per iod,al though I saw h e r  most f requent ly  

i n  b locks  D and E i n  a l l  yea r s .  

A B C D E F G  

Blocks 

F i g .  4 .35 .  The annual rates  of sightings of F073 i n  each block. 



However, a s  r a t e s  of  s igh t ings  va r i ed  seasonal ly  i n  most b locks  

(Sect ion 4.6.3.4),  annual r a t e s  of  s i g h t i n g s  cannot i n d i c a t e  permanent 

changes i n  range use unless  t h e  d i s t r i b u t i o n  o f  searching  e f f o r t  ove r  

t he  seasons was approximately the  same i n  each year .  This  was n o t  so:  

not  only d id  t h e  d i s t r i b u t i o n  of  searching  e f f o r t  over  t h e  seasons vary 

a s  a  whole, b u t  it va r i ed  i n  d i f f e r e n t  ways i n  each o f  t h e  blocks (Sec t ion  

2.5).  As an example, Table 4.14 shows t h e  numbers and percentages o f  t h e  

v i s i t s  t o  blocks E and F i n  each year ,  which I made during the  months o f  

June t o  September. In 1973, 45% o f  t h e  v i s i t s  made t o  block E and 14% 

o f  those  made t o  block F were during t h e  monsoon, whereas i n  1974 t h e s e  

propor t ions  were 23% and 35% respec t ive ly .  Such changes a r e  l i k e l y  t o  

inf luence  the  r a t e s  of s igh t ings  ca l cu la t ed  f o r  e n t i r e  yea r s , i n  such a  

way t h a t  some of t h e  differences between t h e  annual r a t e s  of s i g h t i n g s  i n  

each block could be a t t r i b u t e d  t o  seasonal  movements of  rhinos r a t h e r  

than t o  permanent changes i n  the  use of home ranges. 

Table 4.14. Seasonal differences i n  the distribution of vis i t s  
t o  two blocks of the Sauvlaha study area. 

I t  i s  imprac t ica l  t o  cor rec t  t h e  annual r a t e s  o f  s igh t ings  o f  

Year 

1973 

1974 

1975 

indiv idua ls  i n  each block fo r  t h e  e f f e c t s  o f  the d i s t r i b u t i o n  o f  searching  

e f f o r t  over  t h e  seasons. However, i t  is poss ib l e  t o  compare the  ways i n  

Block E 

To ta l  v i s i t s  
made 

155 

170 

1 39 

Block F 

Visits made 
duringJune- 

September 

70 (45.2%) 

39 (22.9%) 

35 (25.2%) 

To ta l  v i s i t s  
made 

86 

213 

120 

Visits made 
during June- 
Septenber  

12 (14.0%) 

74 (34.7%) 

34 (28.3%) 



which t h e  annual r a t e s  of s igh t ings  i n  each block d i f f e r e d  between 

ind iv idua l s .  I c a l c u l a t e d  t h e  annual r a t e s  o f  s i g h t i n g s  i n  each block 

f o r  a l l  37 ind iv idua l s  with more than 20 s i g h t i n g s .  S t a t i s t i c a l  t r e a t -  

ment of t h e  d a t a  was d i f f i c u l t  because o f  t h e  low numbers of  s igh t ings  

of  some rh inos .  Expected frequencies  o f  s i g h t i n g s  a r e  too  low t o  d i s -  

c r imina te  d i f fe rences  between blocks i n  t h e  same way a s  seasonal d i f f e r -  

ences were demonstrated between groups o f  b locks .  Furthermore, s t a t i s -  

t i c a l  comparison of r a t e s  of s igh t ings  is  impossible us ing  the  nominal 

da ta .  Ranking of t h e  r a t e s  of s igh t ings  i n  each block i n  each year  

r e s u l t s  i n  i n e v i t a b l e  l o s s  o f  information b u t  i s  t he  only appl icable  

method o f  ob jec t ive ly  demonstrating changes i n  p a t t e r n s  o f  range use 

from year  t o  year .  

Therefore,  rank c o r r e l a t i o n  c o e f f i c i e n t s  were ca lcu la ted ,  f o r  each 

p a i r  of years ,  o f  t h e  r a t e s  o f  s igh t ings  o f  each ind iv idua l  i n  each block 

of i t s  range. High p o s i t i v e  co r r e l a t ions  between years  i nd ica t ed  t h a t  

t h e r e  were no marked changes i n  t h a t  i n d i v i d u a l ' s  use o f  i t s  range while  

i n  t h e  study a r e a .  For example, the  c o r r e l a t i o n  c o e f f i c i e n t s ,  rs, f o r  

ind iv idua l  F073 between each p a i r  o f  years  a r e  +0.918, +0.718 and +0.783 

r e spec t ive ly .  

S ix  ind iv idua l s  were seen i n  only one o r  two blocks during t h e  s tudy  

period:  c o r r e l a t i o n  c o e f f i c i e n t s  a r e  meaningless f o r  these  ind iv idua l s ,  

b u t  t h e  l i m i t e d  d i s t r i b u t i o n  of  t h e i r  l o c a t i o n s  ind ica t ed  t h a t  t h e r e  were 

no appreciable  changes i n  t h e i r  p a t t e r n  o f  range use .  I used the  c o r r e l -  

a t i o n  c o e f f i c i e n t  f o r  a l l  o t h e r  i nd iv idua l s  a s  a d e s c r i p t i v e  s t a t i s t i c  t o  

c l a s s i f y  t he  consis tency o f  t h e  d i s t r i b u t i o n s  o f  t h e i r  l oca t ions  over  

blocks between years .  Table 4.15 shows t h e  c o r r e l a t i o n  c o e f f i c i e n t s ,  and 

summarizes t h e  r e s u l t s .  Nineteen ind iv idua l s  showed p o s i t i v e  c o r r e l a t i o n s  

between a l l  p a i r s  o f  years  and,for 17 o f  those  ind iv idua l s ,  a l l  co r r e l -  

a t i o n  c o e f f i c i e n t s  were equal t o  o r  g r e a t e r  than +0.500. 'ILselve 



Table 4.15. Spearman m z k  correzation coef f ic ients  of the relation- 
ship betueen the annual rates of sightings of individuals 
in each block of the ir  ranges. 

* Corre la t ion  c o e f f i c i e n t s  were not  c a l c u l a t e d  f o r  i nd iv idua l s  which 
were seen i n  two o r  fewer blocks dur ing  t h e  s tudy  pe r iod .  

i These i n d i v i d u a l s  were not  seen dur ing  some yea r s  and s o  t h e r e  a r e  
no c o r r e l a t i o n  c o e f f i c i e n t s  f o r  those  yea r s .  

Individual 

i 11013 
.\I004 
>I00 l 
blOO 2 
F0 75 
F090 
f098 

* F084 
F0 73 
F078 
P1005 
F099 
flOO 
F081 
i F161 

F163 
t f165 
* F122 

F0 86 
? F192 

F110 
m0 87 
m045 
F1 70 
F113 
F1 30 
f160 

t m054 
t m055 
* M056 

m032 
m0 76 

* f179 
* m057 
* m060 

F139 
F14 l 

i nd iv idua l s  showed zero o r  negat ive c o r r e l a t i o n s  between one o r  more p a i r  

1974 
w i t h 1 9 7 5  

+ .500 
- ,375 
+.Ol5 
+ .S07 
0,000 

+ l  .OOO 

+.718 
+ l  .003 

+ ,758 
+ ,500 
+ ,500 
+ ,500 
- .775 
- .400 
0.000 

+ .800 
+l .OOO 
+ l  .OOO 
- ,200 
+ .400 
+ .SO0 
- ,125 
+ .600 
+. 738 
+ .g75 
+.  875 

+l  .OOO 
+ .875 

+ ,775 
+.775 

1973 
w i t h 1 9 7 4  

+ .SO0 
+. 900 
- .258 
+.091 
+.671 

+ l  ,000 

+.g18 
+ .SO0 
+ .638 
+ .SO0 

+ l  .OOO 
+ .SO0 

+ .350 

+ . B O O  

+. 875 
+ .400 
- .775 
+. 875 
- .625 
+.SO0 
+ .632 

+.g75 
- .625 

+ l  ,000 
+1.000 

o f  years .  

I t  should be remenbered t h a t  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  were c a l  cu l -  

a t e d  f o r  a  small number o f  blocks - t h r e e  t o  s i x ,  depending on t h e  ind iv idua l .  

1973 
w i t h 1 9 7 5  

0 .OOO 
+ l  .OOO 
- . l75  
+.  726 
+.718 
+ .447 

+l  .OOO 

+ .783 
+ .SO0 
+.429 

+1.000 
+ .SO0 

+l  .OOO 

+. 750 

+l .OOO 

+.875 
+ .400 
- .258 
+. 875 
+ .875 
+ .800 
- .OS6 

+.g75 
+ .SO0 

+ .775 
+.775 

h 

Sumber o f  
Blocks 

3 
3 
5 
5 
6 
5 
3 
- 
6 -I 

4 
3 
6 
3 
3 
3 
4 
J 
4 
2 
4 
3 
3 
4 
4 
3 
3 
4 
4 - 
S 

3 
1 
3 

3 

2 
2 
2 
3 
3 
- 

Sumber o f  
Locat ions 

20 
56 

131 
38 

1 35 
115 
6 6 
5 8 

20 2 
70 

181 
8 4 
8 3 

109 
34 
80 
26 
40 

112 
37 
5 3 
4 1 

15 1 
1 5  
2 4 
59 
7 4 
5 8 
9: 
20 
2 1 
9 3 
46 
27 
2 1 
19 
2 3 



The p r o b a b i l i t y  of rS being 3+0.500 under t h e  n u l l  hypothesis  t h a t  t h e  two 

d i s t r i b u t i o n s  of s i g h t i n g s  a r e  un re l a t ed ,  v a r i e s  from 0.500 when n = 3, t o  

0.149 when n = 6 .  Thus, no s t a t i s t i c a l  s ign i f i cance  can be assigned t o  

t h e  c o r r e l a t i o n  c o e f f i c i e n t s  obtained. However, t h e  c o r r e l a t i o n  c o e f f i c i e n t s  

do provide a  measure of  t h e  degree o f  r e l a t edness  between two d i s t r i b u t i o n s  

o f  r a t e s  of s i g h t i n g s  and I have used them a s  such, r a t h e r  than  a s  t e s t  

s t a t i s t i c s .  

The annual r a t e s  o f  s igh t ings  i n  each block f o r  s i x  i nd iv idua l s  a r e  

p l o t t e d  i n  Fig.  4.36. The d i s t r i b u t i o n s  of t h e  loca t ions  o f  F078 and F098 

d i d  no t  change apprec iab ly  between years .  These two ind iv idua l s  and F073 

were among t h e  17 rh inos  which showed high p o s i t i v e  c o r r e l a t i o n s  between 

a l l  p a i r s  of years  and which, t oge the r  with t h e  s i x  rh inos  which were seen  

i n  only one o r  two blocks,  I regarded a s  demonstrating a  constant  p a t t e r n  

o f  range use over t h e  th ree  years .  The r a t e s  of s igh t ings  o f  t h e  two i n d i -  

v idua ls  (MOOS, F075) wi th  low p o s i t i v e  c o r r e l a t i o n s  between years  and o f  

two o f  t h e  i n d i v i d u a l s  (M045, F163) with negat ive  c o r r e l a t i o n s  between a t  

l e a s t  one p a i r  o f  years  show apprec iab le  changes between years  (Fig.  4.36). 

The changes i n  p a t t e r n s  of range use ind ica t ed  by t h i s  a n a l y s i s  a r e  

considered a t  t h e  ind iv idua l  l eve l  i n  Sec t ion  5.6.4.  I po in t  out here  

some d i f f e rences  between sex  and age c l a s s e s  i n  use of  ranges. Table 

4.16 shows t h e  numbers of rhinos of each s e x  and age c l a s s  which f e l l  i n t o  

t h e  t h r e e  c l a s s e s  of consis tency o f  range use  defined i n  Table 4.15. I t  

can be  seen t h a t  71% ( f ive)  of t h e  seven males a s  opposed t o  28% ( f ive )  

o f  t he  18 females showed co r re l a t ion  c o e f f i c i e n t s  o f  l e s s  than +0.500 

between a t  l e a s t  one p a i r  o f  years ,  i n  t h e  d i s t r i b u t i o n  o f  t h e i r  s i g h t -  

i n g ~  over  t h e  blocks (F isher  exact  p r o b a b i l i t y  t e s t  p  = 0.007). Thus, 

adu l t  males were more l i k e l y  t o  change t h e i r  ranges than adu l t  females 

(discussed i n  Sec t ion  5.6.4.2).  
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Fig .  4 . 3 6 .  The mnual rates of sightings i n  each block of s ix  
rhinos with varying degrees of consistency of range 
use. 



Table 4.1 6 .  The consistency of rmge use among 37 indiwiduaZs 
cZassified accord* t o  sex m d  we. 

4 . 6 . 3 . 6  Movement S o f  in f requent ly  s igh ted  ind iv idua l s  

I consider  here  t h e  loca t ions  o f  i nd iv idua l s  seen on l e s s  than 20 

occasions,  concent ra t ing  on evidence f o r  seasonal  o r  permanent changes i n  

range use. Table 4  . l 7  c l a s s i f i e s  t h e  r e g i s t e r e d  a d u l t s  and sub-adul ts  o f  

Sauraha according t o  frequency o f  s i g h t i n g s .  I f i r s t  consider  t h e  21 

ind iv idua l s  seen on between 10 and 19 occas ions ,  which were c l a s s i f i e d  

i n t o  e ight  d i s c r e t e  ca tegor ies  o f  range use  i n  Table 4.11. 

With low numbers o f  s igh t ings ,  i t  is  p a r t i c u l a r l y  important t o  

co r r ec t  f o r  t h e  d i s t r i b u t i o n  of  searching  e f f o r t  (Section 4.6.1) , because 

t h e  median loca t ion  o f  an ind iv idua l  could b e  i n  an a rea  in f r equen t ly  

v i s i t e d  by t h e  rh ino  b u t  f requent ly  v i s i t e d  by myself.  I t h e r e f o r e  

consider ,  i n  Table 4.18, t he  ove ra l l  r a t e s  of s i g h t i n g s  o f  each ind iv idua l  

i n  each block,  and t h e  mean r a t e s  o f  s i g h t i n g s  o f  the ind iv idua l s  seen i n  

each block.  In t h e  c e n t r a l  blocks,  D ,  E and F, which were v i s i t e d  most 

f r equen t ly ,  r a t e s  o f  s igh t ings  o f  most i nd iv idua l s  were very low, whereas 

Cons is ten t  p a t t e r n  o f  
range use 

A l l  rs a +0.500 

Seen i n  two blocks o r  
fewer 

Incons i s t en t  p a t t e r n  of  
range use 

A l l  rs p o s i t i v e  b u t  one 
o r  more rs +0.500 

One o r  more rs 6 0.000 

Tot a1 

A d  

1 

1 

1 

4  

7 

s d  

3 

2 

0  

2 

7 

A? 

11 

2 

1 

4  

18 

S? 

2 

1 

0  

2 

5 

Tota l  

17 

6 

2 

12 

37 



Table 4.1 7.  The nwnbers of sightings per individual among registered 
adults and sub-adults i n  the Saurahu study area. 

high r a t e s  of s i g h t i n g s  were recorded i n  t h e  o u t e r  blocks.  

Low r a t e s  of s i g h t i n g s  o f  an ind iv idua l  i n  a  p a r t i c u l a r  block can be 

t h e  r e s u l t  of t h e  rh ino  e i t h e r  making infrequent  and s h o r t  v i s i t s  t o  t h a t  

block, o r  remaining unseen wi th in  the  block f o r  most of  t h e  time. As most 

of  my searching  e f f o r t  w a s  concentrated i n  t h e  c e n t r a l  p a r t  of t h e  s tudy  

a r e a  where v i s i b i l i t y  was good, and where s e v e r a l  ind iv idua ls  were seen on 

more than  100 occasions (Table 4.12), it i s  u n l i k e l y  t h a t  a  rhino r e s i d e n t  

t h e r e  throughout t h e  s tudy  per iod  would have been seen on fewer than  20 

occasions o r  on l e s s  than 2% of my v i s i t s  t o  t h e  c e n t r a l  blocks.  On t h e  

o t h e r  hand, i n  t h e  in f r equen t ly  v i s i t e d  o u t e r  b locks ,  where v i s i b i l i t y  was 

o f t en  bad and where s i g h t i n g s  were more a ma t t e r  of chance, it i s  l i k e l y  

t h a t  i nd iv idua l s  which were seen on over 2% of  v i s i t s  t o  those blocks, were 

r e s i d e n t  there .  I regarded long per iods  without  s igh t ings  i n  t h e  c e n t r a l  

p a r t  of t h e  s tudy  a r e a  a s  i n d i c a t i n g  t h a t  t h e  ind iv idua l s  were absent from 

t h a t  p a r t .  However, long per iods  without s i g h t i n g s  i n  t h e  out ly ing  p a r t s  

of t he  s tudy a r e a  cannot be taken a s  evidence t h a t  t h e  ind iv idua l s  were not  

p re sen t  t he re .  

Number of 
s igh t ings  

Class 

A# 

A? 

S$ 

S? 

Tot a1 

Number o f  i n d i v i d u a l s  

1-9 

23 (67%) 

32 (54%) 

12 (50%) 

9  (53%) 

76 (57%) 

10-19 

4  (12%) 

9  (15%) 

S (21%) 

3 (18%) 

21 (15%) 

20 o r  more 

7  (21%) 

18 (31%) 

7 (29%) 

S (29%) 

37 (28%) 

Tota l  

34 

59 

24 

17 

134 
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Table 4.18 shows t h a t  f i v e  ind iv idua l s  were seen i n  blocks A and B 

only,  C only, o r  F and G only. A f u r t h e r  seven ind iv idua l s  were seen on 

over 2% o f  v i s i t s  t o  t h e  ou t ly ing  blocks,  A, B, C o r  G and were a l s o  seen 

i n  block D,  where a l l  s i g h t i n g s  were between February and May (apar t  from 

two s i g h t i n g s  of i nd iv idua l  M003 i n  J u l y ) .  These seven indiv idua ls  t hus  

showed evidence of seasonal  movements i n t o  t h e  c e n t r a l  blocks during sp r ing .  

The remaining n ine  ind iv idua l s  were seen i n  t h e  c e n t r a l  blocks only, o r  

i n  out ly ing  blocks on l e s s  than  2% of  v i s i t s .  I t  i s  un l ike ly  t h a t  they  rem- 

ained i n  t h e  c e n t r a l  blocks throughout t h e  s tudy period.  Two o f  t hese  i n -  

d iv idua l s ,  f149 and F188, were only  seen during t h e  sp r ing ,  and were pre-  

sumed t o  have v i s i t e d  t h e  c e n t r a l  blocks from ou t ly ing  blocks o r  from out -  

s i d e  t h e  s tudy a r e a .  S imi l a r ly ,  ind iv idua ls  F093 and F138 were seen mainly 

dur ing  t h e  spr ing  although both these  ind iv idua l s  were a l s o  seen i n  b lock  F 

during t h e  monsoon. The o t h e r  f i v e  ind iv idua l s  were seen i n  a l l  seasons i n  

blocks E and F. Their  low r a t e s  o f  s i g h t i n g s  were t h e  r e s u l t  of be ing  

recorded almost e n t i r e l y  during the  l a s t  year  of  t h e  s tudy period.  Three 

young sub-adul t s ,  m048, m064 and m253, were not  recorded during t h e  first  

two years ,  although they  may have been seen as ca lves  ( f u r t h e r  discussed i n  

Sect ion 5.6.3). 

Thus, many o f  t hese  2 1  i n f r equen t ly  s igh ted  ind iv idua ls  showed evidence 

of seasonal  movements from t h e  out ly ing  p a r t s  of  t h e  s tudy a rea  i n t o  t h e  

c e n t r a l  blocks during the  sp r ing .  These movements a r e  s i m i l a r  t o  those  

shown by the  37 most f r equen t ly  s ighted  ind iv idua l s  (Section 4.6.3).  ?he 

r a t e s  o f  s i g h t i n g s  shown i n  Table 4.18 a r e  compatible with t h e  d iv i s ion  i n t o  

ca t egor i e s  o f  ranges i n  Table 4  -11. The only  ind iv idua l  which d i d  not  f a l l  

i n t o  any o f  t hese  ca t egor i e s  i s  M062, an adu l t  male which was seen 10 t imes 

i n  block A over a  per iod  of  more than one year ,  and seven times i n  block D 

wi th in  10 days i n  Apr i l  1975. The frequent  s i g h t i n g s  over a  s h o r t  pe r iod  i n  

block D were the  r e s u l t  o f  my searching d a i l y  f o r  t h a t  p a r t i c u l a r  i nd iv idua l  

when he was severe ly  wounded (Section 5.6.4.2),  and were the re fo re  not  



e f f e c t i v e l y  independent of each o t h e r .  If t h e  r a t e s  of  s i g h t i n g s  of  M062 

i n  each block a r e  compared with those  o f  o t h e r  i nd iv idua l s ,  t hey  a r e  seen 

t o  be most s i m i l a r  t o  those  of i nd iv idua l s  i n  category (1) o f  Table 4.11. 

With such low numbers of  s i g h t i n g s ,  t h e r e  i s  no conclusive evidence 

of permanent changes i n  t he  p a t t e r n  o f  range use among the  21 i n d i v i d u a l s .  

However, i n  add i t i on  t o  M062, M003 a l s o  showed a poss ib l e  change i n  t h e  use 

o f  i t s  range. I t  was seen only i n  block D during t h e  f i r s t  yea r  o f  t h e  

s tudy,  and t h e r e a f t e r  it was seen only i n  blocks B, C o r  F. Thus, t h e  only  

two ind iv idua l s  t o  show any evidence o f  changes i n  the  use of  t h e i r  ranges 

between years ,  were both adu l t  males. These changes a re  d iscussed  f u r t h e r  

i n  Sec t ion  5.6.4.2. 

Seventy-six i nd iv idua l s  were seen on fewer than 10 occasions over  t h e  

whole s tudy per iod  (Table 4.17), and were obviously not r e s i d e n t  over  t h a t  

per iod  i n  t h e  c e n t r a l  blocks.  For ty-s ix  o f  t h e s e  ind iv idua l s  were seen i n  

block D during the  spr ing ,  and 26 of  t h e s e  were seen i n  ou t ly ing  b locks  

during o t h e r  t imes of t h e  year .  L i t t l e  can be deduced about t h e  ranges o f  

t hese  very in f r equen t ly  s ighted  ind iv idua l s ,  bu t  t he re  was some evidence 

f o r  seasonal  movements i n t o  t h e  c e n t r a l  blocks i n  spr ing .  More a d u l t  males 

than any o t h e r  s e x  and age c l a s s  were seen on fewer than  10 occasions 

(Table 4.17). This lends f u r t h e r  support t o  t h e  conclusion t h a t  a d u l t  

males change t h e i r  p a t t e r n  of range use more than o the r  s e x  and age c l a s s e s  

(see above i n  t h i s  sec t ion  and Sec t ion  4.6.3.2).  

4.7 Discussion on d i e t  

4.7.1 The expected d i e t  

Before d iscuss ing  t h e  observed d i e t  o f  rh inos ,  I consider  some n u t r i t -  

i o n a l  f a c t o r s  t h a t  may inf luence  it. Ungulates face  two general  problems 

when choosing and d iges t ing  t h e i r  food. F i r s t l y ,  p l a n t s  a r e  gene ra l ly  low 

i n  n u t r i t i v e  value,  and contain a  high proport ion of s t r u c t u r a l  elements t h a t  



a r e  l a r g e l y  i n d i g e s t i b l e .  Secondly, some p l a n t s  conta in  t o x i c  compounds. 

The main adapta t ion  by which ungulates  cope with t h e  first  problem is  

an enlargement of  t h e  a l imentary  canal conta in ing  b a c t e r i a  t h a t  a r e  capable 

o f  breaking down c e l l u l o s e  by fermentation (Hungate, 1960). 'TWO main s i t e s  

o f  fermentat ion have evolved: ruminants use t h e  rumen, and per i ssodac ty ls  

and e lephants  use t h e  caecum. The processes  of  fermentat ion a r e  s i m i l a r  i n  

both ruminants and pe r i s sodac ty l s ,  but  t h e r e  a r e  important d i f fe rences  

a r i s i n g  from t h e  d i f fe rence  i n  t h e  s i t e s  of  t h e  fermentat ion c h a d e r s .  

Ruminants a r e  unable t o  pass  food from t h e  rumen i n t o  t h e  lower s e c t i o n s  o f  

t h e  d iges t ive  t r a c t  u n t i l  i t  has been broken down i n t o  p a r t i c l e s  small  enough 

t o  pass  through the  ret iculo-omasal  o r i f i c e .  The h igher  t he  f i b r e  content  

of  t h e  food, t he  longer  it t akes  t o  be broken down; t he re fo re  t h e  r a t e  of 

passage through t h e  gut  decreases  on a  d i e t  with a  high f i b r e  content .  

Caeca1 fermenters,  on t h e  o t h e r  hand, can inc rease  t h e i r  r a t e  of  food i n -  

t a k e  and throughput, and maintain a  constant  r a t e  o f  n u t r i e n t  absorpt ion 

d e s p i t e  a  decrease i n  t h e  q u a l i t y  of  t h e  d i e t .  Thus ruminants r equ i r e  a  

c e r t a i n  q u a l i t y  of  food, i .e.  a  minimum p r o t e i n  t o  f i b r e  r a t i o  ; whereas 

caeca1 fermenters a r e  l e s s  dependent on high q u a l i t y  food, providing t h a t  

food i s  ava i l ab l e  i n  s u f f i c i e n t  quan t i t y  (Bel l ,  1971).  

A f u r t h e r  cons idera t ion  i s  t h e  l a rge  s i z e  of  a  rh ino .  Since metabolic 

r a t e s  i nc rease  only as a func t ion  of body weight t o  t h e  power o f  2 /3  

(Kleiber,  1961), l a r g e  animals r equ i r e  l e s s  energy and p r o t e i n  p e r  u n i t  

weight than  small  animals,  and can the re fo re  surv ive  b e t t e r  on low q u a l i t y  

food ( f o r  d i scuss ion  o f  t h i s  po in t  see Jarman, 1974; J a n i s ,  1976). I t  

fol lows t h a t  young rh inos ,  wi th  a  lower body weight and an incompletely 

developed fermentat ion system, a r e  l i k e l y  t o  r e q u i r e  h ighe r  q u a l i t y  food 

than  adu l t s .  I t  has been shown t h a t  young horses  and young c a t t l e  r e q u i r e  

high q u a l i t y  p r o t e i n  p r i o r  t o  t h e  time when fermentat ion begins (Hintz e t  

aZ., 1969; Ha t f i e ld ,  1970).  

While rh inos  can surv ive  on low q u a l i t y  foods, s eve ra l  f a c t o r s  may 



favour d ive r s i ty  i n  the  d i e t .  By increas ing d ie ta ry  d ive r s i ty ,  they w i l l  

t ake  i n  a  wider va r i e ty  of  amino-acids, which i s  p a r t i c u l a r l y  important f o r  

a  per issodactyl .  Ruminants can maintain t h e i r  amino-acid requirements on a  

r e l a t i v e l y  unvaried d i e t  (Loosli e t  al., 1949), because t h e i r  fermentative 

b a c t e r i a  break down many amino-acids and r e c o n s t i t u t e  the  recycled n i t rogen 

as b a c t e r i a l  prote in .  However, i n  caecal fermenters,  a l l  t he  b a c t e r i a l  f e r -  

mentation takes place below t h e  small  i n t e s t i n e  where most amino-acids a r e  

absorbed, and t h e  e s s e n t i a l  amino-acid v a r i e t y  has t o  come f r o m  e i t h e r  copro- 

phagy as  i n  r a b b i t s  (Eden, 1940), o r  from d ie ta ry  d ive r s i ty  (Janis ,  1976). 

There i s  evidence t h a t  non-ruminant herbivores a re  dependent t o  some ex ten t  

on microbial p ro te in  (Robinson and Slade, 1974), bu t  the  mechanism o f  

absorption i s  unknown, and intake of  d i e t a r y  p ro te in  is e s s e n t i a l .  

A second f a c t o r  favouring a more diverse d i e t  among per issodactyls  i s  

t h a t ,  unlike ruminants, caecal fermenters a r e  unable t o  benef i t  from bac te r -  

i a l  degradation of  p lant  toxins .  In caecal fermenters,  most toxins  are 

absorbed i n  the  small i n t e s t i n e  before fermentation takes place (Freeland 

and Janzen, 1974). While o the r  mechanisms of  de toxi f ica t ion  e x i s t  (e .g.  

microsomal degradation), one way o f  avoiding a  t o x i c  dose of  any one com- 

pound i s  t o  s e l e c t  from a  wide var ie ty  o f  p lan t s ,  because species vary 

g rea t ly  i n  the  toxins they contain (Bate-Smith, 1962, 1968;' Rhoa&s and 

Cates, 1976). Therefore, t h e  presence o f  toxins  i n  p lan t s '  re inforces  t h e  

need f o r  d ie t a ry  d i v e r s i t y  i n  caecal fermenters.  

Many plant  secondary substances have been implicated as defensive 

against  herbivores: a  na tu ra l  d iv i s ion  occurs between plant  toxins  which 

a c t  on metabolic processes within the  herbivore,  and d iges t ib i l i ty- reducing 

substances which a c t  within the  gut t o  reduce t h e  a v a i l a b i l i t y  o f  p lan t  

nu t r i en t s .  Secondary compounds can be expected t o  a f f e c t  d i e t  s e l e c t i o n  

because they a r e  not  equally d i s t r ibu ted  among d i f fe ren t  types o f  vegetat ion.  

They am r a r e  i n  grasses,  bamboos and aquat ic  p lan t s ,  but  much mre cornman 

i n  t r e e s  and shrubs (Janzen, 1975) . (The lack of secondary compounds i n  



gras ses  and bamboos i s  compensated f o r  by a h igh  s i l i c a  content and tough 

f i b r e  which p r o t e c t  t h e  p l a n t s  from animals without  s u i t a b l e  d e n t i t i o n . )  

Commonly involved c l a s s e s  of t o x i n  include a l k a l o i d s  and py re th r in s ;  while  

d i g e s t i b i l i t y - r e d u c i n g  substances include tannins  t h a t  form complexes wi th  

d i e t a r y  p r o t e i n  (Mangan e t  a l .  , 1976) . 
Tannins a r e  metabol ica l ly  more cos t ly  than  tox ins  f o r  p l a n t s  t o  produce 

and s t o r e :  they tend  t o  form complexes with t h e  p l a n t ' s  own p ro t e in .  A s  a 

r e s u l t ,  t annins  a r e  found t y p i c a l l y  i n  t he  o l d e r  t i s s u e s  o f  long-l ived 

p l a n t s  i n  mature ecosystems and aseasonal  h a b i t a t s .  Toxins, on the  o t h e r  

hand, a r e  t h e  most f requent  form o f  chemical defense i n  young t i s s u e s  of 

p l a n t s  which a r e  quick growers and t y p i c a l  o f  e a r l y  successional  s tages  i n  

seasonal  h a b i t a t s  (Janzen, 1975; Rhoades &d Cates ,  1976) . 
blicrosomal degradation processes  a r e  not  e f f e c t i v e  aga ins t  t annins  a l -  

though it  i s  poss ib l e  t h a t  some s p e c i a l i s t  herb ivores  have developed d iges t -  

i v e  enzymes t h a t  a r e  e f f e c t i v e  even i n  t h e  presence o f  tannins  (Rhoades and 

Cates ,  1976; Grant, 1976). Furthermore, some t ann ins  have been found t o  

be capable of  de toxi fy ing  a l k a l o i d s  by forming complexes with them (Freeland 

and Janzen, 1974) . However, rh inos  a r e  expected genera l ly  t o  include few 

mature p a r t s  of  l a t e - succes s iona l  spec ies  i n  t h e i r  d i e t ,  although t h e i r  

l a r g e  body s i z e  may enable them t o  take i n  q u a n t i t i e s  o f  secondary compounds 

which would b e  unacceptable t o  sma l l e r  animals.  

A t h i r d  f a c t o r  which r e in fo rces  t h e  need f o r  d i e t a r y  d i v e r s i t y  i s  t h e  

mineral and vitamin requirements of  the animal, whether a ruminant o r  a 

caeca1 fermenter.  D i f f e ren t  p l a n t s  accumulate minerals  and vi tamins t o  

vary ing  degrees,  and a h igh  d i e t a r y  d i v e r s i t y  h e l p s  an animal t o  s a t i s f y  

i t s  mineral requirements ( E l l i s  e t  al., 1976). 

In conclusion, t h e  Indian rh ino ,  l i k e  a l l  herb ivores ,  i s  expected 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  ava i l ab l e ,  b u t  

it i s  adapted t o  be  a b l e  t o  surv ive  on abundant f i b rous  non-toxic  food sup- 

plemented by a wide v a r i e t y  o f  o t h e r  p l a n t s ,  e s p e c i a l l y  var ied  if some of 



them contain tox ins  o r  i f  ' e s s e n t i a l  minerals  and amino-acids a r e  lacking.  

The hypsodont d e n t i t i o n  o f  t he  Indian rh inos  i s  an adapta t ion  t o  dea l  wi th  

the  abrasive s i l i c a t e s  found i n  grasses  (Simpson, 1950), and i n d i c a t e s  

t h a t  t h e  spec ies  i s  p r imar i ly  a g raze r .  

4.7.2 The observed d i e t  

In  t h i s  s ec t ion ,  t h e  t h e o r e t i c a l  p red ic t ions  of  t h e  d i e t  o f  rh inds  a r e  

compared wi th  t h e  observat ions.  Seasonal and s p a t i a l  v a r i a t i o n s  i n  food 

a v a i l a b i l i t y  and the  rh inos '  d i e t  a r e  d iscussed  i n  Sect ion 6.1. Fig.  4.2 

shows t h e  d i s t r i b u t i o n s  of first feeding  observat ions across  seven food 

i tems i n  f i v e  d i f f e r e n t  h a b i t a t  types according t o  t h e  season. I  weighted 

these  d a t a  t o  take  i n t o  account d i f f e r ences  i n  t he  r e l a t i v e  importance o f  

each h a b i t a t  f o r  feeding: t he  a r eas  o f  each h a b i t a t  and t h e  mean r a t e s  

o f  s igh t ings  o f  feeding rhinos i n  each h a b i t a t  (Fig. 4.4) were considered.  

Appendix N shows t h e  s t e p s  i n  the  c a l c u l a t i o n  o f  t h e  weighting f a c t o r s .  

Table 4.19 shows t h e  o v e r a l l  composition of t h e  rh inos '  d i e t  i n  each season 

ca l cu la t ed  from t h e  da t a  i n  Fig. 4.2 and Appendix N. Three c l a s s e s  o f  food 

a r e  considered: g ra s s ,  browse and a q u a t i c  p l an t s :  no te  t h a t  t h e  d a t a  do 

n o t  inc lude  observat ions made i n  s a l  f o r e s t  o r  c u l t i v a t e d  land. 

Table 4 . 1 9 .  Overall mmpositian of the rhinosf &et in each season.* 

* Calcula ted  from t h e  da t a  i n  Fig. 4.2 and Appendix N .  

Grass 

Browse 

Aquatic p l a n t s  

(a) Grass 

Grass made up between 70.4% and 88.7% o f  t h e  d i e t  according t o  t h e  

season (Table 4.19), and t h e  spec ies  o f  grass  eaten va r i ed  seasona l ly  

(Section 4.3). F i f t y  species  o f  grass  were ea ten ,  including some, such a s  t h e  

FM &l 

86.4% 

8.4% 

5.2% 

JJAS 

88.7% 

5.6% 

5.7% 

ONDJ 

70.4% 

21.6% 

8.0% 



aromatic  (ymbopqm spp.,  which a r e  genera l ly  considered a s  unpalatable  t o  

c a t t l e  and o t h e r  ruminants (F i e ld  e t  al. ,  1973) and were not  observed ea t en  

by o t h e r  ungulates  i n  Chitawan. 

Although t a l l  coarse g ra s ses  were ea t en  when young grass  was sca rce  

(Section 4 .3) ,  t h e  animals s e l e c t e d  mainly f o r  young growth s tages .  A f t e r  

t h e  burning o f  t h e  long g ra s s  a r eas  i n  t he  spr ing ,  t h e  young shoots  of 

Saccharurn spp. and Narenga spp. were t h e  most p re fe r r ed :  l a t e r  i n  t h e  year ,  

t h e  s h o r t  annual grasses  which appeared at t h e  s t a r t  o f  t h e  r a i n s  were t h e  

most p r e f e r r e d  (Sect ion 4.3.5). Grass has  a low p r o t e i n  t o  f i b r e  r a t i o :  f o r  

most of  t h e  time t h e  r a t i o  i s  lower than f o r  browse, b u t  i n  young g ra s s  i t  i s  

h igh ,  a s  t h e r e  i s  on ly  a small  amount of s t r u c t u r a l  mater ia l  (McKay, 1973; 

F i e ld ,  1971). Grass i s  a l s o  abundant and low i n  tox ins ,  and t h e r e f o r e  f i t s  

t h e  desc r ip t ion  o f  the  e x p e c t e d . s t a p l e  food of t h e  rh inos .  The rh inos '  t o l -  

erance o f  t he  aromatic compounds present  i n  such grasses  a s  Qmbopcgun spp. 

i s  probably a r e s u l t  o f  l a rge  body s i z e  d i l u t i n g  t h e  e f f e c t  on the  animal. 

This a b i l i t y  t o  t o l e r a t e  small  q u a n t i t i e s  of  a number o f  d i f f e r e n t  types of 

t o x i n  may a l s o  expla in  the  an imal ' s  a b i l i t y  t o  e a t  from a wide v a r i e t y  o f  

spec i e s  and thus  ob ta in  any r a r e  n u t r i e n t s  o r  minerals  present  i n  some. 

Agr i cu l tu ra l  crops such a s  r i c e ,  wheat and maize a r e  h ighly  n u t r i t i o u s  

g ra s ses  grown i n  abundant monocultures and hence it i s  not  s u r p r i s i n g  t h a t  

rh inos  e a t  t h e s e  spec i e s  whenever poss ib l e  (Sect ion 4.3.7). Maize is  ea ten  

i n  t h e  young s t ages  b u t  n o t  l a t e r  i n  t he  growing season when newly p l an ted  

r i c e  is  ava i l ab l e  i n  t he  same reg ions .  Rice and wheat a r e  eaten during a l l  

s t a g e s  of growth and even a f t e r  being harvested.  The e f f e c t s  of  c rop- ra id ing  

on t h e  d i s t r i b u t i o n  o f  rhinos,  t h e i r  movement p a t t e r n s  and t h e i r  time bud- 

ge t s  a r e  discussed i n  Sec t ion  7.1.2. 

@) Browse and aqua t i c  p l a n t s  

Although grasses  made up t h e  bulk o f  t he  rh inos '  d i e t  i n  Chitawan 

(Table 4.19), 133 spec i e s  of  fo rbs ,  f e rns ,  c reepers ,  shf-ubs, t r e e s  and 



aquat ic  p l a n t s  were a l s o  ea ten  (Sect ion 4.3.1), and accounted f o r  between 

13.6% and 29.6% o f  t h e  d i e t  according t o  t h e  season (Table 4.19).  The 

high d i v e r s i t y  of brawse and aquat ic  p l a n t s  i n  t h e  rh inos '  d i e t  is con- 

s i s t e n t  with t h e  expected d i e t :  it se rves  t o  decrease the  e f f e c t s  o f  

p l a n t  secondary compounds which a r e  f requent  i n  fo rbs ,  shrubs and t r e e s ,  

and t o  provide t h e  necessary v a r i e t y  o f  minerals .  

Aquatic p l a n t s  provide a p a r t i c u l a r l y  h igh  q u a l i t y  food wi th  l i t t l e  

s t r u c t u r a l  c e l l u l o s e  o r  l i gn in  (Boyd, 1974), and e s s e n t i a l  minerals  such 

a s  sodium and calcium a r e  genera l ly  a v a i l a b l e  i n  h ighe r  concentrat ions than  

i n  g ra s s  o r  browse. In the  I s l e  Royale, Michigan, submerged and f l o a t i n g  

aqua t i c  p l a n t s  were found t o  contain 500 t imes more sodium than t h e  s u r -  

rounding t e r r e s t r i a l  vegetat ion (Jordan e t  al . ,  1973). Oates (1974) rep- 

o r t e d  t h a t  black and whi te  colobus monkeys descend t o  swamps t o  e a t  a q u a t i c  

p l a n t s  t h a t  a r e  high i n  sodium. 

Trees,  shrubs  and forbs a l so  have high concentrat ions of  n u t r i e n t s ,  

e s p e c i a l l y  i n  t h e  young t i s s u e s .  In a l l u v i a l  p l a i n s  such a s  those o f  

nor thern  India  and Nepal where t h e  water  i s  washed down from young geo- 

l o g i c a l  formations, t h e  f e r t i l i t y  i s  high (Ooi, 1959), t h e r e  is  l e s s  p r e s s -  

u re  f o r  chemical defence and the  p l a n t s  a r e  h igh  i n  base ions (Janzen, 1975).  

The spec ies  o f  browse eaten by rhinos a r e  mainly shrubs t y p i c a l  o f  newly 

colonized sandbanks and r iver -beds  and i n  p a r t i c u l a r  o f  the  a reas  a f f e c t e d  

by domestic s tock  graz ing  (Section 4.3) . These a r e  spec ies  which probably  

conta in  few secondary compounds, and use  a lka lo ids  r a t h e r  than  t ann ins  a s  

defences aga ins t  herb ivores  (Section 4.7.1). The d ip te rocarp ,  Shorea 

robus ta ,  a  l a rge ,  slow maturing, f o r e s t  t r e e  i s  l i k e l y  t o  be h igh  i n  t an -  

n ins ,  e s p e c i a l l y  i n  the o l d e r  t i s s u e s .  Robb (1976) found t h a t  t ann ins  i n  

S. robus ta  f e d  t o  c a t t l e  complexed not  only with S. robus ta  p r o t e i n s  b u t  

with o t h e r  d i e t a r y  p r o t e i n ,  and r e s u l t e d  i n  negat ive d i g e s t i b i l i t y  CO- 

e f f i c i e n t s  f o r  p r o t e i n .  The only observat ions o f  rhinos feeding  on S. 

robus t a  were on young fo l i age  which is probably lower i n  tannins  than  t h e  



mature f o l i a g e .  S imi l a r ly ,  f e rns  such as Pteris  spp. t h a t  concentrate  

t ann ins  a s  they  mature (Lawton i n  Rhoades and Cates ,  19 76) were ea ten  by 

rh inos  only when they were young. 

Leguminosae comprised t h e  major i ty  of t he  browse spec ies  i n  t he  rh inos '  

d i e t  (Appendix D ) .  This  family i s  known t o  b e  a p a r t i c u l a r l y  good source 

of  p ro t e in  and a l s o  of phosphorous (Hemingway and Fishwick, 1976) . Rhinos 

a l s o  a t e  10 spec ies  o f  Euphorbiaceae which a r e  known t o  be high i n  tox ins  

and a r e  not ea ten  by smal le r  ruminants such as c a t t l e  and deer  (Laurie,  

unpubl. data)  . Perhaps a l a r g e r  body s i z e  and f a s t e r  throughput of d i g e s t a  

enable t h e  rhino t o  e a t  more tox in-conta in ing  food than  ruminants which, a l -  

though they  have t h e  capac i ty  t o  detoxify by fermentat ion,  have t o  r e t a i n  

t h e  d i g e s t a  f o r  about twice as long (Bel l ,  1971).  The f a c t  t h a t  baboons e a t  

Ezphorbia (Lock, 19 72) sugges ts  - t ha t  f a s t e r  throughput i s  more import ant 

than  l a r g e r  body s i z e .  

(c) Minerals 

Rhinos r egu la r ly  v i s i t e d  a t  l e a s t  one mineral l i c k ,  i n  t h e  west o f  t he  

park ,  during t h e  win te r  months. Sodium and magnesium ions  were the  apparent 

a t t r a c t i o n s  t o  t h e  rh inos  (Sect ion 4.3.9) .  Sodium i n  p a r t i c u l a r  is  known t o  

b e  scarce  i n  t e r r e s t r i a l  green p l a n t s  b u t  it i s  a major cons t i t uen t  o f  

mammals, comprising about 0.1% o f  t h e i r  l i v e  body weight (Botkin e t  a l . ,  

1973). Other p o t e n t i a l  sources of  sodium i n  Chitawan a r e  aqua t i c  p l a n t s  

(Boyd, 1974),  t h e  ash from t h e  charred s t a l k s  o f  grasses  and shrubs 

(Kozlowski and Ahlgren, 1974), and t h e  water  which t h e  rhinos dr ink .  Rhinos 

drank from r i v e r s ,  pools ,  l akes  and even t h e  concentrated u r ine  and dung 

s o l u t i o n  which f i l l e d  t h e i r  wallows during t h e  monsoon (Section 4.3.8) . 
Drinking t h e  wallow water ,  may be  a way o f  r ecyc l ing  t h e  sodium excre ted  

i n  u r i n e  and dung (Sect ion 4.3.8) .  Domestic e lephants  provided wi th  a 

da i ly  s a l t  r a t i o n  d id  not  dr ink from such water .  Weir (1969) poin ted  ou t  

t h a t  t he  s i t e s  o f  s a l t  l i c k  pans i n  Rhodesia were o r i g i n a l l y  a reas  wi th  a 



high concentrat ion o f  var ious  soluble  s o i l  chemicals which a t t r a c t e d  un- 

gu la t e s  t o  d ig  them out  and t o  wallow i n  them during wet per iods.  It i s  

poss ib l e  t h a t  t h e  temporary wallows a t  Chitawan developed i n  t he  same way 

although, un l ike  Weir (1969), I d id  not  f i n d  wallows assoc ia ted  wi th  t e r -  

mite moun ds . 

(d) Di f fe rences  between d i e t s  o f  calves and adu l t s  

When calves first  s t a r t e d  t o  e a t  s o l i d  food at the  age o f  about two 

months, they  appeared t o  s e l e c t  more browse than t h e i r  mothers, e s p e c i a l l y  

creepers  and f e rn  shoots ,  while t h e  mothers a t e  s h o r t  g rass  (Laurie,  unpubl. 

da t a ) .  Such food was l e s s  abundant and o f  h i g h e r  q u a l i t y  than g ra s s ,  and 

the re fo re  t he  ca lves '  d i e t  is cons i s t en t  wi th  t h e i r  expected d i e t  (Sect ion 

4.7.1).  

4.8 Summary 

1. Pa r t s  o f  183 spec i e s  o f  p l an t s  from 57 d i f f e r e n t  bo tan ica l  f a m i l i e s  

were found t o  have been eaten by rh inos  during t h e  s tudy per iod .  Grass 

(50 spp.) made up 70% - 89% of t h e  d i e t  according t o  t h e  season. Other  

foods included fruits, leaves and branches o f  shrubs and t r e e s ,  sub- 

merged and f l o a t i n g  aqua t i c  p l a n t s  and a g r i c u l t u r a l  crops. 

2 .  ?here w a s  considerable  seasonal v a r i a t i o n  i n  food a v a i l a b i l i t y  and hence 

i n  t h e  rh inos '  d i e t .  This ,  conbined wi th  v a r i a t i o n  i n  food a v a i l a b i l i t y  

between h a b i t a t  t ypes ,  r e s u l t e d  i n  seasonal  changes i n  t h e  use  o f  d i f -  

f e r e n t  h a b i t a t  types.  

3. A s  a r e s u l t  of seasonal  change i n  d i e t  and t h e  h a b i t a t  type frequented,  

t h e r e  were seasonal  changes in time budgets and i n  the 24 hour  cyc le  o f  

a c t i v i t y .  Rhinos spent  more time feeding  during win ter  than i n  t h e  smmr. 

4 .  Af te r  t ak ing  i n t o  account the  uneven d i s t r i b u t i o n  o f  searching  e f f o r t  



and seasonal  changes i n  v i s i b i l i t y  i n  t h e  s tudy  a rea ,  I showed t h a t  

t h e r e  were seasonal  v a r i a t i o n s  i n  t he  r h i n o s 1  use  o f  d i f f e r e n t  p a r t s  

of  t he  study area .  

5 .  During t h e  sp r ing  t h e  h ighes t  r a t e  o f  s i g h t i n g s  were i n  t he  t a l l  g r a s s  

a r eas ;  during t h e  monsoon t h e  h ighes t  r a t e s  were on t h e  borders  o f  t h e  

a g r i c u l t u r a l  land. 

6. By comparing t h e  d i s t r i b u t i o n  o f  the s i g h t i n g s  0.f i nd iv idua l s  with t h e  

d i s t r i b u t i o n  o f  t o t a l  rh ino  s igh t ings ,  it was shown t h a t  each ind iv idua l  

used c e r t a i n  p a r t s  of t h e  s tudy  a rea  more than  o t h e r  p a r t s .  

7 .  Each i n d i v i d u a l ' s  range was defined as t h e  a r e a  enclosed by a  rec tangle  

wi th  s i d e s  corresponding t o . t h e  90% ranges o f  i t s  s i g h t i n g s  on t h e  e a s t -  

west a x i s  and t h e  north-south a x i s .  These ranges a r e  smal le r  than t h e  

t o t a l  a r e a  covered by t h e  rh inos .  Most i n d i v i d u a l ' s  ranges d i f f e r e d  

from each o t h e r  only wi th  r e spec t  t o  t he  eas t -wes t  a x i s  which co r re s -  

ponds t o  t h e  bed of  t h e  Rapti  River.  S i z e s  v a r i e d  from 0.44 km2 t o  

8.86 km2 wi th  a  mean of 3.08 km2 f o r  a d u l t s  and 3.64 km2 f o r  sub-adul ts .  

8. The ranges of  57 of t h e  58 most f r equen t ly  s igh ted  ind iv idua l s  were 

d iv ided  i n t o  e igh t  f a i r l y  d i s c r e t e  ca t egor i e s  of  s i z e ,  loca t ion  and 

p a t t e r n  of use .  In  genera l ,  t h e  ranges were sma l l e r  i n  G e a s  o f  g r e a t e r  

h a b i t a t  d i v e r s i t y .  

9. Most i nd iv idua l s  maintained t h e  same annual p a t t e r n  of  use o f  t h e i r  

ranges but a d u l t  males were more l i k e l y  than  adu l t  females t o  change 

t h e i r  ranging behaviour between years .  

10. The rh inos '  d i e t  conformed t o  c e r t a i n  p r e d i c t i o n s  about t h e  d i e t  o f  a  

l a r g e  pe r i s sodac ty l .  The rh ino  i s  adapted t o  feed  on abundant f i b rous  

non-toxic  food supplemented by a  wide v a r i e t y  o f  o t h e r  p l a n t s .  




