
5. SOCIAL BEHAVIOUR 

Methods 

5.1.1 Types o f  information recorded 

General methods of  observing rh inos  and recording d a t a  a r e  descr ibed  

i n  Section 2.3. The vas t  amount of information co l l ec t ed  on s o c i a l  be-  

haviour can be d iv ided  conveniently i n t o  t h r e e  ca tegor ies : -  a s s o c i a t i o n s ,  

communication and i n t e r a c t i o n s .  

(a) Associat ions (see Sect ion 5.2).  

I was i n t e r e s t e d  i n  t h e  frequency wi th  which ind iv idua l s  o f  each sex  

and age c l a s s  a s soc i a t ed  with o t h e r  i nd iv idua l s .  I d i s t inguished  two 

types  of a s soc i a t ion  because some were considerably more permanent than  

o the r s .  Thus I considered ind iv idua ls  which moved toge the r  o r  l a y  i n  

physical  contac t  with one another a s  members o f  a  group (e .g.  Pla t e  26) ,  

and ind iv idua l s  which were within 20 metres  o f  each o t h e r  a t  any one time 

though not  n e c e s s a r i l y  moving toge the r  (e.g.  P l a t e  27), a s  members of  an 

aggregation. 

A s  most observat ion periods were very  s h o r t ,  some ind iv idua l s  remain 

ed wi th in  20 metres o f  each o ther  f o r  t h e  whole observat ion per iod  and 

displayed no evidence one way o r  t h e  o t h e r  o f  independent o r i e n t a t i o n .  

In  these  cases  previous knowledge o f  t h e  ind iv idua l s  concerned was used 

t o  c l a s s i f y  t h e  a s soc i a t ion  a s  a  group o r  an aggregation. For i n s t ance ,  

a  cow-calf p a i r  was always c l a s s i f i e d  a s  a  group. 

I recorded, i f  poss ib l e ,  t h e  age c l a s s ,  sex  and i d e n t i t y  o f  each 

ind iv idua l ,  and ind ica t ed  t h e  types of  a s s o c i a t i o n s  between ind iv idua l s  

a t  the  s t a r t  of each observat ion.  Subsequent temporary a s soc i a t ions  

were a l s o  descr ibed  f u l l y  i n  the  no te s .  



(b) Communication (see Sect i on  5.3) . 
I noted a l l  occurrences of audi tory ,  v i sua l  and o l f a c t o r y  communi- 

ca t ion  and any ac t ions  which I thought night  be connected with such 

communication. I descr ibed and, when poss ib l e ,  tape-recorded a l l  t h e  

types  o f  sounds which I heard rh inos  make and was ab le  t o  r e f e r  t o  10 

d i s t i n c t  types and t h e i r  v a r i a t i o n s  when desc r ib ing  t h e  contexts  i n  which 

they  were used. A l l  obvious v i sua l  and o l f a c t o r y  d i sp l ays  and r eac t ions  

t o  them were descr ibed i n  d e t a i l .  

P a r t i c u l a r  a t t e n t i o n  was pa id  t o  occurrences o f  u r i n a t i o n  and de- 

f e c a t i o n  as it seemed l i k e l y  t h a t  t he  s cen t s  of u r ine  and dung played a  

p a r t  i n  o l f a c t o r y  communication. 

(c) I n t e r a c t  ions (see Sec t ion  5.4) . 
A l l  i n t e r a c t i o n s  between rh inos  were descr ibed  i n  d e t a i l .  Such 

d e s c r i p t i o n s  were made e a s i e r  by the  c l a s s i f i c a t i o n  of vocal ,  o l f a c t o r y  

and v i s u a l  d i sp l ays  i n t o  a  number of  d i s c r e t e  ca t egor i e s .  I was a l s o  

ab le  t o  c l a s s i f y  i n t e r a c t i o n s  a s  peaceful  o r  p l a y f u l ,  a g o n i s t i c  and 

those  observed s o l e l y  during cour t sh ip  o r  mating. 

5.1.2 Computer a n a l y s i s  

The use  of the  IBM 370 computer at Cambridge Universi ty  i s  descr ibed 

i n  Sect ion 4.1. I t  was impossible t o  code a l l  t h e  d a t a  recorded i n  t h e  

notebooks fo r  inc lus ion  on t h e  computer cards  because of  t h e  l i m i t a t i o n s  

of space on t h e  punch cards ,  t h e  complexity of  many of  t he  i n t e r a c t i o n s  

observed and t h e  v a r i e t y  of circumstances i n  which they  occurred. How- 

ever ,  i n  addi t ion  t o  using t h e  computer i n  a n a l y s i s  o f  t h e  da ta ,  I a l s o  

used it a s  an easy re ference  f i l e  f o r  f i nd ing  da t a  on c e r t a i n  types of 

behaviour, which I  then analysed i n  more d e t a i l  with f u r t h e r  re ference  t o  

my notebooks. 



Listed below, with b r i e f  explanatory no te s ,  a r e  t h e  v a r i a b l e s  used 

t o  summarize s o c i a l  behaviour. Tnis  b r i e f  summary o f  t h e  coding system 

used f o r  computer a n a l y s i s  i s  intended f o r  quick re ference  only. D e t a i l s  

of  t h e  types  o f  behaviour l i s t e d  a r e  given i n  l a t e r  s ec t ions .  

(a) Associat ions 

( i )  Group s i z e  

( i i )  Aggregation s i z e  

( i i i )  Age c l a s s e s ,  sexes and i d e n t i f i c a t i o n  numbers, if known, o f  

a l l  a s soc i a t ed  ind iv idua ls .  

(b) Communication 

( i )  Vocal izat ions 

The occurrences of 10 types  o f  voca l iza t ions  were l i s t e d .  

The context  of  each voca l i za t ion  was not  defined, bu t  a  

d i s t i n c t i o n  was made between voca l i za t ions  made i n  response 

t o  t h e  observer  o r  h i s  e lephant  and those  made i n  o t h e r  

circumstances - mostly e l i c i t e d  by o t h e r  rhinos.  

( i i )  Defecation and u r ina t ion  

The numbers and types of  defeca t ions  and u r ina t ions  observed 

were coded. 'Tbo types of  defeca t ion  - on and away from dung- 

p i l e s  - and two types o f  u r i n a t i o n  - normal and s q u i r t  u r in -  

a t i o n  - were d is t inguished .  Associated behaviour such a s  

foot -  scraping,  foot-dragging and t ree-bashing was a1 so  coded. 

( i i i )  Reactions t o  scents  

The fol lowing r eac t ions  were coded: 

1. Prolonged s n i f f i n g  a t  t h e  ground o r  vege ta t ion  

2. Following another rh ino '  s t r a c k s  

5. Flehmen 

4 .  Coprophagy 

5 .  Licking u r ine .  

(c) I n t e r a c t  ions 

( i )  Peaceful i n t e r a c t  ions  

The fol lowing types  of peaceful  i n t e r a c t i o n s  o r  passive 



phys ica l  con tac t  between ind iv idua l s  were coded with d e t a i l s  

a l s o  o f  whether i nd iv idua l s  were l y i n g  o r  s tanding  and wi th  

which sex and age c l a s s  o f  rhino t h e  i n t e r a c t i o n  took p lace .  

Greet ing with head waving o r  bobbing 

Passive phys i ca l  contact  

Mounting f l anks  o r  rump 

Rubbing f l a n k s  aga ins t  f lanks  

Nuzzling t h e  f l anks  o r  rump 

Nuzzling t h e  head region 

Licking head o r  f l a n k s  

Suckling: dura t ion  and whether from behind o r  t h e  s i d e  

Horn t o  horn spa r r ing  

P lay fu l ly  running around 

Playing with twigs i n  the  mouth 

Other peaceful  i n t e r a c t i o n s .  

( i i )  Agonis t ic  i n t e r a c t i o n s  

I c l a s s i f i e d  a g o n i s t i c  i n t e r a c t i o n s  according t o  which i n d i -  

vidual  i n i t i a t e d  t h e  i n t e r a c t i o n  and which ind iv idua l  was t h e  

apparent v i c t o r .  A l l  d e t a i l s  o f  a g o n i s t i c  i n t e r a c t i o n s  were 

r e f e r r e d  t o ,  i f  needed, i n  t h e  notebooks. Three types o f  

r e s u l t s  o f  i n t e r a c t i o n s  were coded: 

1. bloved a s ide  o r  ran away 

2.  Chased f o r  more than  20 metres by t h e  o t h e r  ind iv idua l  

3 .  Neutral:  no obvious v i c t o r .  

Up t o  t h r e e  a g o n i s t i c  i n t e r a c t i o n s  p e r  observat ion could be 

coded, t oge the r  wi th  t h e  sex and age c l a s s e s  o f  t he  opponents 

i n  each i n t e r a c t i o n .  The numbers o f  add i t i ona l  a g o n i s t i c  i n -  

t e r a c t i o n s  were a l s o  l i s t e d  b u t  without d e t a i l .  However, t h e r e  

were r a r e l y  more than th ree  a g o n i s t i c  i n t e r a c t i o n s  per  obser-  

va t ion  o f  an ind iv idua l ,  and d e t a i l s  of  any e x t r a  ones were 

ava i l ab l e  i n  t h e  notebooks. Occasions when rh inos  f l e d  immed- 

i a t e l y  a t  t h e  s i g h t  o r  sound o f  o t h e r  rh inos  and i n  t he  absence 

o f  any a g o n i s t i c  in te rac t ions ,were  a l s o  coded. 



5.1.3 Sound record ing  and experiments with played back sounds 

I used a Sony 800 TC r e e l  t o  r e e l  t ape- recorder  t o  record n ine  types  

of sounds made by rhinos.  I played back sounds o f  var ious types made by 

rh inos  of  d i f f e r e n t  ages and sexes,  and observed severa l  i nd iv idua l s '  r e -  

ac t ions  t o  them (Section 5.3.1.1) . 

5.1.4 Scent marking inves t iga t ion  

5.1.4.1 Dung p i l e s  

The tendency of rh inos  t o  defecate  on previous ly  deposi ted dung i s  

descr ibed i n  Sect ion 5.3.2. In  add i t i on  t o  t h e  d i r e c t  observat ions o f  

defecat ion,  a number of o t h e r  methods were used t o  i nves t iga t e  t h e  pheno- 

menon of repeated defecat ion in  t h e  same p lace .  For t he  first yea r  o f  t h e  

study I kept a ca re fu l  look out f o r  a l l  kinds of  defecat ions and c l a s sed  

them a s  dung-pi les  o r  a s  s ing le  defeca t ions .  I def ined dung-piles a s  

groups of  defeca t ions  none of  which was more than  10 metres from another .  

In o rde r  t o  i n v e s t i g a t e  t h e  types of s i t e s  where dung-piles grew up, and 

t h e  frequency with which dung-piles were used f o r  defecat ion i n  comparison 

with o t h e r  s i t e s ,  I r egu la r ly  recorded t h e  number of  dung-piles and t h e  

frequency o f  t h e i r  use on s e t  c i r c u i t s  w i th in  the  study a rea .  This  was 

done a t  t h r e e  s t a g e s  during the  p ro j ec t  f o r  per iods  o f  10 t o  29 days i n  

December 1973, J u l y  1974 and March 1975. A map was made of t h e  chosen 

c i r c u i t s  and the  s i t e s  of a l l  dung-piles o r  s i n g l e  defeca t ions  were num- 

bered and marked on t h e  map. On subsequent d a i l y  v i s i t s , a l l  new de feca t -  

ion s i t e s  wi th in  10 metres of  the c i r c u i t  t r a i l  were assigned a number 

and marked on the  map,and a record was kept  o f  t h e  loca t ion  o f  a l l  new 

defeca t ions .  



5 .l. 4.2 Dung and u r i n e  r epos i t i on ing  experiments 

In addi t ion  t o  watching t h e  r eac t ions  of  rh inos  t o  n a t u r a l l y  dep- 

o s i t e d  u r i n e  and dung, I c o l l e c t e d  samples o f  u r i n e  and dung,and placed 

them where I could watch rh inos '  reac t ions  t o  them. I co l l ec t ed  dung 

from t h e  Tiger  Tops a r e a  and took i t  t o  t h e  Sauraha a r e a  t o  i n v e s t i g a t e  

any poss ib l e  reac t ion  t o  dung from s t range  ind iv idua l s .  The r e s u l t s  o f  

t h e s e  experiments a r e  given i n  Sec t ion  5.3.2. 

Resul t s  

5.2 Associat ions between rh inos  

I d i s t i ngu i shed  ( in  Sect ion 5.1.2) between temporary a s soc i a t ions  o r  

aggregat ions o f  rhinos, and more permanent a s soc i a t ions  o r  groups. I con- 

s i d e r  he re  t he  f requencies  o f  both types o f  a s soc i a t ions  between rh inos  

of  d i f f e r e n t  ages and sexes.  

5.2.1 Group s i z e s  and compositions 

(a )  Group s i z e  

Table 5.1 shows t h e  frequencies  of  group s i z e s  f o r  4,352 observat ions 

of rh ino  groups over t h e  s tudy period i n  b o t h  s tudy  areas .  Obviously 

these  observat ions of group s i z e s  include many repea ted  observat ions o f  

t h e  same groups. However, i t  was shown i n  Sect ion 3.6.4 t h a t  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 the  sex and age c l a s s i f i c a t i o n s  of  

r e g i s t e r e d  ind iv idua l s  and of  t o t a l  s i g h t i n g s  o f  rhinos.  I concluded,in 

Sect ion 3.9.2, t h a t  t h e  frequencies  of observa t ions  of  group s i z e s  and 

compositions can be considered as approximately equiva len t  t o  t he  a c t u a l  

f requencies  of each type o f  group i n  t h e  popula t ion .  

Note t h a t  I have c a l l e d  s o l i t a r y  ind iv idua l s  groups o f  one, f o r  e a s i e r  



Table 5.1. The sizes of rhino gmups. 

presen ta t ion  of  t he  da t a .  I t  can be seen i n  Table 5.1 t h a t  55.7% o f  t h e  

observat ions were o f  s o l i t a r y  ind iv idua l s .  Furthermore, 1,507 o r  82.5% 

o f  t h e  1,827 groups o f  two rh inos  cons i s t ed  o f  cows with t h e i r  calves.  

Thus, only 419 o r  9.6% o f  observat ions were o f  groups o t h e r  than s o l i t a r y  

ind iv idua l s  o r  cow-calf p a i r s .  

Fig. 5.1 shows t h e  frequencies  o f  group formation between i n d i v i d u a l s  

c l a s s i f i e d  according t o  t h e i r  sex and age c l a s s e s .  Adult females a r e  sub- 

divided i n t o  those  with and without ca lves ;  cow-calf p a i r s  a r e  considered 

a s  s i n g l e  u n i t s  because ca lves  were r a r e l y  seen away from t h e i r  mothers 

(see Sect ion 5 .S .4.2 f o r  exceptions) . I t  can be seen i n  Fig. 5 .1  t h a t  

t h e r e  were considerable  d i f fe rences  between t h e  sex and age c l a s s e s  i n  t h e  

proport ion o f  occasions t h a t  they were seen i n  groups with o t h e r  i n d i v i -  

dua ls  ( s i g n i f i c a n t  d i f f e r ences  a re  shown i n  Fig.  5.1) . Adult males and 

cow-calf p a i r s  a s soc i a t ed  l e a s t  with o thers ,and  the re  was an increase  i n  

s o c i a b i l i t y  i n  adu l t  females, sub-adult  females and sub-adult  males, i n  

t h a t  order .  

The use of  t he  X2 t e s t  on numbers o f  s igh t ings  o f  i nd iv idua l s  i s  

No. of  ind iv idua ls  
i n  t he  group 

1 

2 

3 

4 

5 

6 

Tot a1 

No. of observations 

2,426 (55.7%) 

1,827 (42.0%) 

92 ( 2.1%) 

6 ( 0.1%) 

0 ( 0.0%) 

1 ( 0.1%) . 

4,352 
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X2 t e s t s  on d i f f e r ences  between c l a s se s : -  p va lues  shown i n  matrix 

A 0  
0 A+ + c A'? S? 

F i g .  5.1. A mmparison of the groupillg behaviour of 
rhinos of different sex and w e  classes. 

d i f f i c u l t  because i t  could be argued t h a t  repea ted  s i g h t i n g s  o f  t he  same 

ind iv idua l s  i n f l a t e  t h e  N and so  increase  t h e  l i ke l ihood  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  between two d i s t r i b u t i o n s .  However, because they 

were separa ted  by over  12 hours  i n  most cases ,  I regarded successive 

s i g h t i n g s  a s  independent. Furthermore, I showed evidence i n  Sect ion 3 . 6 . 4  

t h a t  t h e  numbers o f  s i g h t i n g s  of i nd iv idua l s  o f  d i f f e r e n t  sexes and ages 

c l o s e l y  r e f l e c t e d  t h e  numbers o f  i nd iv idua l s  o f  those  sex and age c l a s s e s  

i n  t h e  populat ion.  

(b) Group composition 

Having demonstrated s i g n i f i c a n t  d i f fe rences  among t h e  sex and age 

c l a s s e s  i n  the  frequency of group formation, I now examine the  types  o f  

groups which were observed. Fig. 5.2 shows,in schematic form,the l i k e -  

l ihood of see ing  rh inos  o f  any two sex and age c l a s s e s  i n  the  same group. 

The diagram i s  based on 293 observat ions o f  a s s o c i a t i o n s  i n  groups between 

u n i t s  of  known sex and age c l a s s e s .  Cow-calf p a i r s  were' t r e a t e d  as s i n g l e  



The width of t h e  l i n e s  jo in ing  each p a i r  of c l a s s e s  i n d i c a t e s  t h e  
number o f  a s s o c i a t i o n s  between them i n  groups expressed a s  a pro- 
por t ion  of  a l l  recorded a s soc i a t ions  i n  groups between rhinos o f  
known sex and age c l a s s  (n = 293) .  Lines po in t ing  outwards from 
t h e  polygon i n d i c a t e  a s soc i a t ions  between rh inos  o f  the  same c l a s s .  

Fig. 5.2 .  Schematic representation of the ZikeZihood 
of seei-W rhinos o f  any tao sex and age classes 
i n  the m e  grow. 

u n i t s  f o r  t h e  reasons given above. 

Fig. 5 .2  shows t h a t  most (57.5%) of  t h e  observed a s soc i a t ions  were 



between sub- adul ts  and i n  p a r t i c u l a r  between sub -adul t  males. Also, 

12.6% o f  t h e  observed a s s o c i a t i o n s  were between s i n g l e  a d u l t  females and 

sub-adul t  males. However, many o f  these  observa t ions  were o f  a  cow with 

h e r  previous c a l f  which had r e jo ined  h e r  a f t e r  t h e  death o f  h e r  i n f a n t  

(d iscussed  i n  Sec t ion  5.6.3) .  Cow-calf p a i r s  never  formed groups wi th  

o t h e r  cow-calf p a i r s ,  and s i n g l e  adu l t  females and adu l t  males r a r e l y  

a s soc i a t ed  with o t h e r s  o f  t h e i r  own c l a s s .  

For more d e t a i l e d  a n a l y s i s  o f  t h e  types  o f  groups formed, I have 

considered only those  observa t ions  o f  rhino groups during which I d e t e r -  

mined t h e  sex  and age c l a s s e s  o f  a l l  members of t h e  group. There were 

3,383 such observa t ions  and a  summary of t h e  sex and age compositions of 

t h e  groups i s  shown i n  Table 5.2.  Groups o f  two o r  more sub-adul ts  a r e  

considered as s i n g l e  u n i t s  i n  t h i s  t a b l e ,  and t h e  compositions o f  t hese  

exc lus ive ly  sub-adul t  groups a r e  summarized i n  Table 5.3. When consider-  

i n g  preferences  of sex  and age c l a s s e s  f o r  grouping wi th  any o t h e r  s e x  

and age c l a s s ,  it i s  necessary  t o  t ake  i n t o  account t h e  n u h e r s  of each 

sex  and age c l a s s  i n  t h e  populat ion (shown i n  Table 3.10) . As 98% o f  

a l l  observa t ions  of groups i n  Table 5.2 were made i n  t h e  Sauraha s tudy  

a rea ,  I considered t h e  popula t ion  composition i n  t h e  Sauraha a rea  only.  

Adult males were seen on very few occasions wi th  any o t h e r  i n d i v i -  

d u a l s ,  and they  showed no s i g n i f i c a n t  preferences  f o r  any sex  and age 

c l a s s  (Kolmogomv-Smirnov one sample t e s t  p  > 0.20) .  Looking a t  s i g -  

n i f i c a n t  d i f f e r ences  only,  cow-calf p a i r s  were seen s i g n i f i c a n t l y  more 

f r equen t ly  than expected i n  groups with sub-adul t  females and s i g n i f i c a n t l y  

l e s s  f r equen t ly  than expected wi th  o t h e r  cow-calf p a i r s  (Kolmogorov- 

Smirnov one sample t e s t  p  < 0.01).  On t h e  o t h e r  hand, s i n g l e  a d u l t  

females were seen s i g n i f i c a n t l y  more f requent ly  than expected with sub- 

a d u l t  males and l e s s  f r equen t ly  than  expected wi th  a d u l t  males and cow- 

c a l f  p a i r s  (Kolmogomv-Smirnov one sample t e s t  p < 0.01). 



Table 5 .2 .  The sex m d  q e  mmpositiuns o f  rhino groups. 

Based on 3,383 observat ions o f  rh ino  groups i n  
which t h e  ages and sexes o f  a l l  members were 
determined. 

Companions 

C l a s s  o r  u n i t  

A b  

A 9  

A 9  + c 

~d 
~9 
Sub - adu lt group 

Table 5.3. The sex mmpositions o f  subadu l t  rhino groups. 

Number o f  observa t ions  

Based on 86 observat ions o f  sub-adul t  groups i n  
whid.1 the  sexes o f  a l l  members were determined. 

None 

80 9 

25 2 

1507 

320 

321 

86 

Companions 

19 

2 9 9  

lb 
282' 

Sub-adult males formed sub-adult  groups and assoc ia ted  with s i n g l e  

a d u l t  females i n  groups more f requent ly  than  sub-adul t  females d id  (Tables 

5.2 and 5 .3) .  The l a t t e r  fonned groups l e s s  f requent ly  o v e r a l l  b u t  assoc-  

i a t e d  with cow-calf p a i r s  t o  a g r e a t e r  ex t en t  than  sub-adult  males d id .  

I t  was mentioned i n  Sec t ion  3.2.1 t h a t  i t  was e a s i e r  t o  determine t h e  sex 

Number o f  observa t ions  

19 2 0 0  l$ 2& 

15 

- - 

20 2 33 

8 - 7 1 

A b  

2 

6 

7 

3 

4 

1 

A? 

3 

6 

28 

5 

5 

A?+ c 

0 

5 

13 

1 



of sub-adul t  males than of females. A s  t h i s  may have introduced a  b i a s  

i n t o  t h e  r e s u l t s  f o r  t h e  frequency o f  sub-adul ts  o f  bo th  sexes seen i n  

groups, I compared ( in  Table 5.4) t h e  numbers o f  s i g h t i n g s  and the  numbers 

of  r e g i s t e r e d  ind iv idua l s  for  sub-adul ts  o f  bo th  sexes .  ?here i s  no s i g -  

n i f i c a n t  d i f f e r ence  between these  two sex r a t i o s  (Table 5 .4) .  I-iowever, 

t h e r e  a r e  c l e a r  s i g n i f i c a n t  d i f f e r ences  between t h e  sexes i n  t h e  numbers 

o f  s i g h t i n g s  o f  sub-adul t s  i n  groups with adu l t  females,  with cow-calf 

p a i r s  and o t h e r  sub-adul t s  (Table 5.4) . Sub-adul t  males a s soc i a t ed  s i g -  

n i f i c a n t l y  more f r equen t ly  with o t h e r  sub-adul t  males and s i n g l e  a d u l t  

females,  whereas sub-adul t  females a s soc i a t ed  more f r equen t ly  with cow- 

c a l f  p a i r s .  Furthermore, it can be seen from Table 5 .3  t h a t  t h e r e  was a  

h i g h e r  tendency f o r  sub-adul t  males t o  form a l l - sub-adul t  male groups 

than t h e r e  was f o r  sub-adul t  females to  form a l l - sub -adu l t  female groups 

( X 2 = 8 . 3 1  p < O . O l ) .  

5 .2.2 Aggregat ions  

Having considered t h e  s i z e s  and compositions o f  rh ino  groups, I now 

look at temporary a s s o c i a t i o n s  between rh inos .  One thousand and one 

(23.0%) o f  the  4,352 groups recorded were i n  aggregat ions with o the r  groups 

of  rh inos .  They made up a  t o t a l  o f  434 aggregat ions ranging in  s i z e  from 

two t o  n ine  ind iv idua l s  as  shown i n  Table 5  .5. Looking f i r s t  a t  t h e  tend-  

enc i e s  o f  s o c i a l  u n i t s  t o  a s s o c i a t e  with o t h e r s ,  I show i n  Table 5.6 t h e  

numbers of observa t ions  o f  each u n i t  wi th in  20 metres o f  another  rhino o r  

group o f  rh inos  at t h e  s t a r t  of observat ion pe r iods .  Expressed a s  a  pe r -  

centage o f  t h e  numbers o f  observa t ions  o f  each u n i t  a lone,  these  f i g u r e s  

i n d i c a t e  tendencies  t o  form aggregat ions.  There were no s i g n i f i c a n t  d i f -  

ferences between t h e  sexes among adu l t s  o r  sub-adul t s  i n  t he  propor t ions  

of occasions on which they  were seen i n  aggrega t ions .  S o l i t a r y  sub-adul t s ,  

however, were s i g n i f i c a n t l y  more l i k e l y  t o  be  a s soc i a t ed  with o t h e r  



Table 5.4. A comparison of the frequency and types of  groups 
fomed b y  sub-adult males and females. 

Table 5 .5 .  The sizes of rhino aggregatwns. 

Lumbers of  
r e g i s t e r e d  
s u b - a d u l t s  

T o t a l  s i g h t i n g s  
o f  s u b - a d u l t s  

S i g h t i n g s  o f  sub- 
a d u l t s  wi th  cow- 
c a l f  p a i r s  

S i g h t i n g s  o f  sub- 
a d u l t s  w i th  s i n g l e  
a d u l t  females 

S i g h t i n g s  o f  sub- 
a d u l t s  wi th  o t h e r  
s u b - a d u l t s  

S i g h t i n g s  o f  sub- 
a d u l t s  wi th  sub- 
a d u l t  females 

S i g h t i n g s  o f  sub- 
a d u l t s  wi th  sub- 
a d u l t  males 

Clalcs Fenales  T o t a l  

2 1 17 3 8  

40 1  3 70 771 

5 13  l 8  

2 8  5  33 

129 6 2  191 

3  8  30 6 8  

9  1  3 2  123 

Number o f  i n d i v i d u a l s  
i n  a g g r e g a t i o n  

2  

3 

4 

5  

6 

7  

8  

9  

T o t a l  

S i g n i f i c a n c e  o f  d i f f e r -  
ences  from t h e  s e x  r a t i o  
o f  r e g i s t e r e d  i n d i v i d u a l s  
(X2  one sample t e s t )  

n S x 2 = 3 . 2 8  p > O . 0 5  

O>cf  x ' = 5 . 6 3  p < 0 . 0 1  

d>? x 2 = 1 2 . 2  p < 0 . 0 0 1  

8.9 X 2 = 1 1 . 6 0  p<O.OOl 

ns  = 0 . 1 0  p > 0 . 0 5  

g>? x2 = 17.40 p < 0 . 0 0 1  

Number o f  o b s e r v a t i o n s  

119 (27.4%) 

192 (44.2%) 

70 (16.1%) 

25 ( 5.8%) 

14 ( 3.2%) 

8  ( 1 . 8 % )  

4  ( 0.9%) 

2  ( 0.5%) 

4  34 
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TabZe 5.6. The tendencies of  different social waits to  form aggregatims.  

i nd iv idua l s  i n  aggregat ions than  were s o l i t a r y  a d u l t s  o r  cow-calf p a i r s  

( adu l t s  vs  sub-adul ts  X2 = 62.5 p < 0.001) . 
Table 5.7 shows t h e  types o f  aggregat ions formed, considering the  

315 aggregat ions i n  which t h e  sex  and age c l a s s e s  o f  al l  rh inos  were 

determined. Adult males a s soc i a t ed  mainly wi th  adu l t  females; cow-calf 

p a i r s  a l s o  formed f requent  aggregat ions with sub-adul t s  (mainly females) ,  

and aggregat ions s o l e l y  o f  sub-adul ts  (mainly males) accounted f o r  14% o f  

a l l  t he  observat ions.  Thus, t h e  compositions o f  aggregat ions a r e  s i m i l a r  

t o  those  of  groups (descr ibed  i n  Sect ion 5.2 . l ) .  

Unit type 

A$ 

A? 

A?+  c 

SS 
S? 

Sub - adul t  group 

5.2.3 Time i n  a s soc i a t ion  wi th  o t h e r  rh inos  

The a n a l y s i s  s o  far has been r e s t r i c t e d  t o  i n i t i a l  observat ions of  

rh inos  i n  groups o r  aggregat ions.  However, i n  o r d e r  t o  look a t  t h e  

r e l a t i v e  frequencies  o f  var ious  types of  i n t e r a c t i o n s  between rh inos ,  I 

ca l cu la t ed  t h e  propor t ions  o f  t h e  t o t a l  observa t ion  time f o r  each sex  

and age c l a s s  spent  i n  aggregat ions wi th  each o ther .  The r e s u l t s  (shown 

i n  Table 5.8) form t h e  b a s i s  f o r  the  ca l cu la t ion  o f  r a t e s  of v o c a l i z a t i o n s  

(Section 5.3.1) and i n t e r a c t i o n s  (Section 5.4) .  

Number of  observations 
o f  the u n i t  

809 

252 

1,507 

320 

32 1 

86 

Number of times another 
u n i t  was within 20 metres 

147 (18.2%) 

56 (22.2%) 
I 

325 (21.62) 
l 

117 (36.6%) 
l 

110 (34.3%) 

- 31 (36.0%) 



Table 5.7. The sex cmd age ampositions o f  rhino aggregations 
(n = 315 observations). 

a) Aggregadms of a d u l t s  and of a d u l t s  w i t h  sub-adul ts  (n = 271).  

Also: one aggregat ion  o f  t h r e e  adu l t  males and s i x  
mixed aggregat ions  of  between s i x  and n i n e  
rh inos  o f  a l l  age and s e x  c l a s s e s .  

b) Aggregations s o l e l y  of sub-adul ts  (n = 44) .  

. Companions 

Unit 

A# 

A? 
A9+c 

2AB+cc 

S$ 

s9 
Sub-adult group 
o r  groups 

Number o f  observat ions  

Ab A? A?+C 2AB+cc 

18 

16 1 

39 16 42 

1 5 6 1 

9 1 2 0 2 

9 2 5 1 4 

5 5 2 

Companions 

19 
l& 

2 8 8  

sbd 
s b b  

Nurber o f  observat ions  

1 9  ld 2 6 6  

6 

6 14 

2 6 2 

4 1 0 

3 0 0 



Table 5.8. The t-ime spent by rhinos of each sex and w e  cZass in 
association with others. 

* Associations include groups and aggregations. 

5 .3  Communication 

Time ( rh ino  hours) spent  in  
assoc ia t ions*  with 

A$ A?+c Si:ble sd sP S? 

13 - - - - 

32 9 1 - - - 

2 6 64 - .  - - - 

32 9 1 994 11 42 18 

18 11 2 7 192 - - 

18 42 9 54 14 

4 18 2 23 9 82 

Class 
o r  un i t  

A?+ c 

Sinble 
A 

C 

sd 

.S9 

S? 

5.3.1 Auditory communication 

Time (hours) spent 
in  assoc ia t ions*  

(% of t o t a l  
observation time) 

86 
(20.6%) 

220 
(24.5%) 

5 7 
(36.8%) 

900 
(99.7%) 

152 
(64.1%) 

93 
(50.3%) 

72 
(55.0%) 

5.3.1.1 Types o f  voca l iza t ion  

Rhinos make a  wide v a r i e t y  o f  sounds: I d i s t i ngu i shed  10 d i f f e r e n t  

types  which seemed t o  func t ion  i n  communication. None o f  these  sounds 

were recorded on tape .  'Ihere was considerable  v a r i a t i o n  wi th in  each type,  

and some sounds were in te rmedia te  between two types .  However, most sounds 

heard were c l e a r l y  one o f  t h e  following types .  

(a) Snort  

The sno r t  i s  a non-vocal sound produced by the  expulsion o f  a i r  i n  

a  succession o f  quick b u r s t s  through t h e  l i p s  and n o s t r i l s .  I t  va r i ed  



i n  i n t e n s i t y  and sounded almost explosive when the  a i r  was expel led  a t  

very high pressure .  I t  a l s o  var ied  i n  length  and in  t he  number o f  

b u r s t s .  The number o f  s n o r t s  pe r  s e r i e s  va r i ed  from one t o  20 (mean 

2.0 ? 2 . 1 )  on 442 occasions,  and was g r e a t e r  than 20 on 146 occasions.  

(b) tionk 

The honk is  a loud low-pitched g u t t u r a l  voca l iza t ion  o f  m e t a l l i c  

echoing na tu re .  I t  was emit ted a s  a s i n g l e  b u r s t  o r  a s  a succession o f  

sho r t  b u r s t s  and t h e  mouth was normally he ld  p a r t l y  open. Al te rna te  

b u r s t s  were o f t e n  o f  d i f f e r e n t  tones.  

(c) Hmph 

The hurnph i s  a mixture o f  t ho rac i c -o ra l  a s p i r a t o r y  sound and a 

wheezing type of voca l iza t ion .  Reminiscent o f  t he  puf fs  of  a steam 

engine, i t  i s  made by a i r  expel led from t h e  t h r o a t  and was u t t e r e d  i n  

t ime with the pace o f  the  rhino - usua l ly  when it was running. 

(d) Bleat 

The b l e a t  i s  a loud b l a r i n g  s i n g l e  tone voca l i za t ion  s i m i l a r  t o  

t h e  prolonged lowing o f  domestic c a t t l e .  I t  was made with head low, 

mouth open, tusks  bared and e a r  pinnae h e l d  back. 

(e) Roar 

The r o a r  is  s i m i l a r  t o  t h e  b l e a t  bu t  louder  and more f o r c i b l e ,  

made with t h e  head r a i s e d  and mouth open. I t  va r i ed  more i n  i n t e n s i t y  

and volume than t h e  b l e a t  did: s i m i l a r  t o  t h e  bellowing o f  c a t t l e .  

( f )  Shriek 

The shr iek  is a very loud and high p i t ched  voca l iza t ion  va r i ab l e  

i n  tone and reminiscent o f  t h e  trumpeting o f  e lephants  o r  t he  squea l ing  

o f  a pained dog. 



(g) Squeak-pant 

'Ihe squeak-pant i s  a very va r i ab l e  sound, ha l f  a s p i r a t o r y  and h a l f  

vocal  i n  na ture .  I t  c o n s i s t s  i n  i t s  f u l l  form of a sharp squeaking n o i s e  

s i m i l a r  t o  a squeaking wheel o r  machinery, followed by a pant ing  no i se  

which i s  a sharp exhala t ion  of b r e a t h  somewhere between a honk and a s n o r t .  

The l i p s  a r e  sometimes v i b r a t e d  during t h e  pant .  The i n t e n s i t y  o f  t h e  

squeak-pant va r i ed  considerably.  Sometimes the  squeak was the  only audib le  

component: t h e  l i p  v i b r a t i o n  showed t h a t  t h e  pant  component was no t  omit- 
- 

t e d  b u t  became too  f a i n t  t o  be heard.  

(h) Moo-grunt 

The moo-grunt o r  'gronk ' is  a s h o r t  g runt  made deep i n s i d e  t h e  t h r o a t  

wi th  t h e  mouth e i t h e r  open o r  shut .  I t  has a cur ious  v e n t r i i o q u i s t i c  pro- 

p e r t y  which makes i t s  o r i g i n  d i f f i c u l t  t o  l o c a t e .  Moo-grunts va r i ed  from 

s h o r t  g ru f f  grunts  t o  long drawn out squeaky g run t s  which sounded l i k e  a 

r u s t y  hinge opening. Although there  were occasions when only one o r  two 

moo- grunts  were recorded, moo-grunts were normally repeated r egu la r ly  a t  

r a t e s  o f  f i v e  t o  40 p e r  minute f o r  30 minutes o r  more. 

( i )  Groan 

'The groan, although s i m i l a r  t o  t h e  moo-grunt, i s .  a louder and longer  

g r a t i n g  voca l i za t ion  usua l ly  made with t h e  mouth open. I t  was no t  

common. 

( j )  Rumble 

The rumble is  an outflow of  b rea th  which v i b r a t e s  t h e  t h r o a t  i n  a 

way reminiscent  o f  t h e  rumbling o f  a h o r s e ' s  l i p s .  

(k) Other sounds 

Various o t h e r  sounds were emi t ted  by rh inos  b u t  seemed t o  have no 



funct ion as  s i g n a l s ,  be ing  merely t h e  consequence o f  abdominal air pres-  

sure.  Loud burping and f a r t i n g  n o i s e s  were very  common and occurred most 

f requent ly  when the  rh inos  were r o l l i n g  i n  wallows o r  l y ing  and s h i f t i n g  

pos i t i on  on the  ground. A long loud exhala t ion  almost i nva r i ab ly  fol low- 

ed when a rh ino  l a y  down e i t h e r  i n  a wallow o r  on dry land. One p a r t i c -  

u l a r  sub-adult  female wheezed and r a t t l e d  n o i s i l y  on many occasions and 

sounded l i k e  an asthmatic .  These r e s p i r a t o r y  no i se s  were emphasized when 

she ran o r  was a l e r t  o r  suspicious.  
- 

Although n o t  an o r a l  sound, a p e c u l i a r  s lapping  sound caused, by 

k ick ing  the  b e l l y  sharp ly  with t h e  hind f e e t  may a l s o  have had some 

s i g n a l  func t ion .  

5.3.1.2 Contexts of  audi tory  d i sp l ays  

Reactions t o  t h e  observer  

Table 5.9 shows t h a t  t h e r e  w a s  a s i g n i f i c a n t  d i f fe rence  i n  the  

frequencies  o f  t h e  d i f f e r e n t  types of  rh ino  sounds heard (a) during 

r eac t ions  t o  t h e  observer  (Section 2.3.2) and @) i n  o the r  contexts  

(X2 = 37.2 p < 0.001). The sno r t  and the  humph were heard s i g n i f i -  

can t ly  more f r equen t ly  i n  reac t ion  t o  t h e  observer  than i n  o t h e r  con- 

t e x t s ,  and t h e  s n o r t ,  honk and humph t o g e t h e r  accounted f o r  94.5% o f  

a l l  sounds heard during r eac t ions  t o  t h e  observer .  

Table 5.9 a l s o  shows t h e  frequencies o f  sounds made by rh inos  dur ing  

each o f  t h e  e i g h t  types  o f  reac t ion  t o  t h e  observer  (Section 2.3.2).  

The s n o r t  was used f r equen t ly  i n  a l l  r eac t ion  types a s  an i n i t i a l  warn- 

i ng  o r  keep away s i g n a l .  The honk was a more aggressive s i g n a l ,  o f t e n  

heard during charges,  b u t  a l s o  when a rh ino  was f l ee ing ;  t h e  humph was 

almost e n t i r e l y  r e s t r i c t e d  t o  f l i g h t  from t h e  observer .  
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Other contexts  

Table 5.10 summarizes the  contexts  i n  which each o f  t he  main types  

o f  sounds were heard among rhinos not  d i s tu rbed  by the  observer .  Here, 

considering each o f  +he main types o f  sound i n  t u r n ,  I  descr ibe  con tex t s ,  

responses and d i s t r i b u t i o n s  among t h e  sex  and age c l a s se s .  Ind iv idua ls  

which u t t e r e d  sounds a r e  ca l l ed  ' a c t o r s ' ,  and ind iv idua l s  a t  which sounds 

were d i r ec t ed  a r e  c a l l e d  ' r e c i p i e n t s  ' . 

(a) Snort (n = 588) 

( i )  Contexts (see Table 5.10). 

The approach of another  rhino t o  a  graz ing  o r  wallowing ind iv idua l  

commonly e l i c i t e d  a  s i n g l e  o r  double s n o r t ,  and wallowing ind iv idua l s  

o f t en  s tood up j u s t  before  o r  a f t e r  they  snor ted .  Although I recorded 

fewer s n o r t s  from rh inos  approaching o t h e r  rh inos  - 58 as aga ins t  273 - 
it was more comrnon,especially a t  wallows, f o r  one o r  two ind iv idua l s  t o  

approach a  l a r g e r  aggregation of rhinos than vice-versa.  Snor t s  were 

d i r ec t ed  a t  rh inos  which were grazing o r  l y ing  nearby on 73 occasions.  

The d i s t ances  between t h e  rhinos was mostly l e s s  than  20 metres,  b u t  on 

one occasion a  male rhino snorted a s  another  male came i n t o  view 200 

metres away. 

The s n o r t  was used a s  a  contact  c a l l  between cow and c a l f ,  n ine  

t imes by t h e  cow i n i t i a l l y  and th ree  t imes by t h e  c a l f  i n i t i a l l y ,  al- 

though there  were sometimes lengthy exchanges o f  s n o r t s .  In response 

t o  s n o r t s  made i n  contexts  of i n i t i a l  proximity,  t h e  r ec ip i en t  sno r t ed  

back on 55 o f  t h e  404 occasions.  Af t e r  a g o n i s t i c  i n t e r a c t i o n s  which 

ended with one rhino running away, t he  vanquished indiv idua l  o f t en  

turned t o  look back at i t s  opponent and snor ted .  The rhino then turned  

t o  f l e e  again o r  r e t r aced  i t s  s t e p s  back towards i t s  opponent. 
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t h e  encounter was n e u t r a l .  Thus the  outcomes of encounters which s t a r t e d  

with a  sno r t  were not r e l a t e d  t o  which ind iv idua l  snor ted  f i r s t  (Wins: 

a c t o r  vs r ec ip i en t  X2 = 2 . l 4  p  > 0.10) ; t h e  sno r t  t he re fo re  seems t o  

be a  sound d i r ec t ed  a t  nearby rhinos as a  contac t  o r  warning s igna l  i n -  

forming them of t he  a c t o r ' s  presence. 

( i i i )  D i s t r i bu t ion  among t h e  sex and age c l a s s e s  (see Table 5.11). 

'Ihe matrix i n  Table 5.11 shows t h e  frequency with which s n o r t s  were 

d i r e c t e d  by each of  fou r  sex and age c l a s s e s  a t  each o t h e r  f o r  t he  452 

occasions when the  c l a s s e s  o f  both a c t o r  and r e c i p i e n t  were known. Rates 

o f  s n o r t i n g  a r e  expressed as t h e  numbers o f  s n o r t s  pe r  100 hours o f  obser- 

va t ion  o f  each p a i r  o f  sex and age c l a s se s  i n  a s soc i a t ions  toge the r  (Table 

5.8) .  Although s n o r t s  were o f t e n  d i r ec t ed  a t  rh inos  no t  i n  t h e  same group 

o r  aggregat ion,  t h e  numbers o f  hours i n  a s soc i a t ions  toge the r  a r e  t h e  b e s t  

measure I have of t h e  p o s s i b i l i t y  of i n t e r a c t i o n s  between rhinos of  two 

c  l a s s e s .  

Adult females snor ted  at t h e  h ighes t  r a t e ;  followed by adu l t  males 

and sub-adul t s .  A l l  c l a s s e s  snor ted  most f r equen t ly  a t  a d u l t  males and, 

i n  o rde r  of  decreasing frequency, a t  a d u l t  females,  sub-adul ts  and calves.  

Calves o f t en  snor ted  at t h e  same indiv idua l  as t h e i r  mothers d id  (n = 20) 

b u t  a l s o  snor ted  independently - of t en  during curious approaches t o  o t h e r  

rh inos  while  t h e i r  mothers grazed. 

(b) Honk (n = 5 10) 

( i )  Contexts (see Table 5.10). 

There was considerable  va r i a t i on  i n  t h e  lengths  o f  bouts  o f  honking. 

S ingle  honks were sometimes employed i n  a  manner s i m i l a r  t o  s n o r t s ,  a s  a  

keep away s i g n a l ,  bu t  were usua l ly  preceded by one o r  more s n o r t s .  On 

t h e  approach of  another  rhino,  a s i n g l e  honk was heard on only 16 occasions 
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Rhinos snor ted  apparent ly  at no o the r  p a r t i c u l a r  ind iv idua l  on 35 

occasions.  On 10 o f  t hese  occasions they  responded t o  t he  no i se s  made 

by o t h e r  rhinos f i g h t i n g ;  genera l ly  honks, b l e a t s  o r  squeak-pants which 

were sometimes heard and responded t o  from a d i s t ance  o f  up t o  two k m .  

Rhinos snor ted  on t h r e e  occasions a f t e r  i n t ense ly  s n i f f i n g  t h e  ground 

o r  t h e  water  i n  a wallow and on two of  t hese  occasions they  a l s o  per-  

formed ' flehmen' (Sect ion 5.3.2.3) . On s i x  occasions rhinos sno r t ed  on 

walking across  a pa th ,  d i t c h ,  r i v e r  o r  f o r e s t  boundary, and one sno r t  

immediately followed t h e  noisy  f a l l  o f  f r u i t  from a nearby t r e e .  

( i i )  Respcnses (see F ig .  5.3). 

Snor t s  were o f t en  t h e  starts of encounters  between rhinos (Sect ion 

5.4) and a r e  t he re fo re  analysed i n  d e t a i l .  Fig.  5.3 shows t h e  frequency 

of  var ious types  o f  responses t o  s n o r t s  made i n  contexts  o f  i n i t i a l  prox- 

imity ( i  t o  iii i n  Table 5.10).  I t  can be  seen t h a t  on 162 occasions 

(40.1%), t h e  r ec ip i en t  rh ino  made no response (o the r  than pr ick ing  i ts 

e a r s  and quickly glancing i n  t he  d i r e c t i o n  o f  t h e  sno r t s )  . On these  oc- 

casions t h e  a c t o r  e i t h e r  continued i t s  normal a c t i v i t i e s  (n = 85),  f l e d  

a t  speed (n = 21) o r ,  i f  i n  a wallow o r  a r e s t r i c t e d  p lace ,  moved a s ide  

t o  make room f o r  t h e  o t h e r  rhino (n = 56) . On 35 occasions (8.7%) t h e  

r e c i p i e n t  f l e d  almost immediately. On 55 occasions (13.6%), t h e  r ec ip -  

i e n t  rh ino  responded with a sno r t .  More complicated a g o n i s t i c  i n t e r -  

ac t ions  developed on 67 occasions (16.6%). Other r eac t ions  t o  s n o r t s  i n -  

cluded prolonged s t a r i n g  (n = 79), sometimes preceded by an i n q u i s i t i v e  

advance towards the  a c t o r  (n = 15). On a f u r t h e r  21 occasions a t e n t a t i v e  

advance r e s u l t e d  i n  t h e  rh ino  following the  a c t o r  - sometimes over  long 

d i s t ances .  

Overal l ,  t h e  a c t o r  f l e d  o r  moved a s i d e  on 95 occasions and the  rec-  

i p i e n t  on 74 occasions,  and the re  were 235 occasions when t h e  r e s u l t  o f  



Tab Ze 5.11. The actor-recipient matrix for snorts. 

The upper f i gu re  i n  each c e l l  i s  the  number of occasions 
the  voca l iza t ion  was recorded. The lower f i gu re  i s  t h e  
r a t e  o f  voca l iza t ion  pe r  100 hours t h a t  t h e  two age and 
sex c lasses  were observed i n  assoc ia t ions  toge ther ,  o r ,  
i n  the margins, t h e  r a t e  of voca l iza t ion  pe r  100 hours 
of  observation o f  each age and sex c l a s s  i n  associat ions 
with o the r  rhinos. 

ACTOR A' 

A 9  

S 

C 

Rates f o r  adul t  females and calves r e f e r  t o  associat ions 
o ther  than between mothers and t h e i r  own calves.  

without  a  pre l iminary  s n o r t .  Honks d i r e c t e d  a t  o t h e r  rhinos nearby usua l ly  

followed some kind o f  d i s turbance  which alarmed t h e  rhino. For example, 

a s l eep ing  rh ino ,  on be ing  suddenly woken, honked and lunged wi th  i t s  horn 

o r  t u sks  a t  a  nearby rh ino .  Cows even a t t acked  t h e i r  own calves i n  t h i s  

way (n = 2 ) .  On one occasion an exchange o f  honks took place between two 

sub-adul t s  grazing 40 metres apa r t  b u t ,  i n  genera l ,  rhinos r a r e l y  responded 

wi th  a  honk t o  an i n i t i a l  s n o r t  o r  honk from another  ind iv idua l .  

Honks were heard most f requent ly  during pro longed agon i s t i  c  i n t e r -  

ac t ions  - e i t h e r  f ace  t o  face  o r  during f l i g h t  and prolonged chases 

(Section 5.4.2). During such i n t e r a c t i o n s  seve ra l  honks were u t t e r e d  i n  

quick succession,  and during chases they  were usua l ly  i n  groups o f  t h r e e ,  

each group separa ted  by a  few seconds. Although i t  was sometimes d i f f i -  

RECIPIENT 

Ad A? S C 

8  2 1 7 2 
61.5 36.2 17.5 6.3 

43 111 43 2 9 
74.1 71.6 39.4 18.7 

2 5 40 45 2 
62.5 36.7 12.0 2 .8  

13 39 11 13 
40.6 25.2 15 .S 14.3 

89 2 11 10 6 46 
103 .S 76.2 33.4 20.9 

Tot a1 

3 8 
44.2 

226 
81.6 

1 10 
34.7 

7 6 
34 .5 

452 



c u l t  t o  be c e r t a i n  which ind iv idua ls  were honking during prolonged i n t e r -  

ac t ions  and chases,  t h e r e  was a p o s i t i v e  c o r r e l a t i o n  between honking and 

f l i g h t .  Af t e r  a  b r i e f  encounter (context  v i i )  i t  was always the  f l e e i n g  

rhino which honked (n = 51).  I n  39 of 47 c lose ly  observed chases,  on ly  

the f l e e i n g  ind iv idua l  honked, and i n  e i g h t  cases  both ind iv idua l s  honked. 

There was no co r re l a t ion  between honking and f l i g h t  during face  t o  f ace  

agonis ti c i n t e r a c t i o n s  . During p l ay fu l  s p a r r i n g  between two i n d i v i d u a l s ,  

i f  one rh ino  honked t h e  o t h e r  normally responded with a  honk. Lone i n d i -  

v idua ls  honked r a re ly :  when they d id ,  it was i n  response t o  t h e  sounds 

o f  d i s t a n t  f i g h t i n g  (n = 2) ,  o r  f o r  no apparent  reason. 

( i i )  D i s t r i bu t ion  among t h e  sex and age c l a s s e s  (see Table 5.12).  

The d i s t r i b u t i o n  of honks among t h e  sex  and age c l a s se s  i s  very 

similar t o  t h e  d i s t r i b u t i o n  o f  s n o r t s  ( s ee  Table 5.12). ?he r a t e  o f  

honking p e r  100 hours i n  aggregation was h ighes t  i n  adul t  females,  f o l -  

lowed by a d u l t  males, sub-adul ts  and ca lves  in t h a t  o r d e r  (Table 5 -12) .  

Table 5.12.  f ie actorrecipient  matrix for honks. 

The matrix i s  explained i n  Table 5 - 1 1 .  

A' 

A? 

S 

C 

RECIPIENT 

A b  A? S C 

17 8  8  1  
1 9 . 8  13 .8  20.0  3 . 1  

36 50 3  1  7  
6 2 . 0  32 .3  28 .4  4 .5  

23 2  9  4  7  4  
57.5  26 .6  1 2 . 6  5 . 6  

9 13 3  2 
2 8 . 1  8 . 4  4 .2  2 .2  

85 100 89 14 
98 .8  36 .1  2 8 . 1  6 . 4  

Tot a1 

34 
39.5 

124 
4 4 . 8  

103 
32.5 

2  7  
12.3  

2  88 



Rhinos o f  a l l  sex and age c l a s s e s  honked most f r equen t ly  at a d u l t  males 

when they  were with them,and l e a s t  f r equen t ly  a t  ca lves .  Despite be ing  

one o f  the  loudest  voca l i za t ions  and audib le  from a g rea t  d i s tance ,  t h e  

honk was heard l e s s  f r equen t ly  than t h e  s n o r t .  

(c)  Bleat (n = 131) (see Tables  5.10 and 5.13) 

Seventy-five (57.3%) of t h e  bouts  of b l e a t i n g  heard were during f a c e  

t o  face a g o n i s t i c  i n t e r a c t i o n s .  Bleat ing was l inked  with submission; 

bo th  con te s t an t s  were heard b l e a t i n g  on only fou r  occasions out of 71. 

The submissive ind iv idua l  t y p i c a l l y  backed away, b l ea t ing ,  with the  head 

h e l d  low down nea r  t h e  ground (Section 5.4.2) .  Bleats  were a l s o  heard 

during prolonged chases (n = 52 o r  39.7%): they  were normally a s soc i a t ed  

with honks, and on 21 ou t  o f  22 c l e a r l y  observed chases,  only the  f l e e i n g  

ind iv idua l  b lea ted .  

The b l e a t  was used predominantly by a d u l t  females and sub-adul ts  

(mainly females) during i n t e r a c t i o n s  with a d u l t  males, bu t  a l s o  by  adu l t  

females and a d u l t  males among themselves (Table 5.13) . Only weak a d u l t  

males (Sect ion 5.6.4.2) were recorded b l e a t i n g .  

Table 5.1 3. The actor-recipient matrix for bleats. 

The matrix i s  explained i n  Table 5.11.  

~9 

S 

C 

RECIPIENT 
- 

Ad' A 9  S C 

9 
69 .2  

0  0 0  
0 .o 0.0 0  .o 

2 1  27 3  1  
36 .2  17.4 2 .8  0  .S 

9  4  2  0 
22 .5 3.7 0  .5  0  . o  

1  1  0 0  
3 .1  0 .S 0 .O 0 .O 

4 0  32 5  1  
46 .5  11.6 1 .6  0 . 5  

Total 

9  
10 .5 

5  2  
18.8 

15 
4 . 7  

2  
1 . 3  

78 



(d) Roar (n = 101) (see Tables 5.10 and 5.14) 

Roars were confined almost e n t i r e l y  t o  f ace  t o  f ace  a g o n i s t i c  i n t e r -  

ac t ions  (n = 47) o r  prolonged chases (n = 34).  The pursued indiv idua l  

was roa r ing  during e i g h t  of  11 chases which I observed c lose ly ,  and the  

pursuer  roared on only  two occasions. I t  was more d i f f i c u l t  t o  be s u r e  

which ind iv idua l  was roar ing  during f ace  t o  f ace  a g o n i s t i c  i n t e r a c t i o n s ,  

b u t ,  among adu l t  females,  it appeared t o  be  used more o f t en  by those  

which l a t e r  'won' t h e  con te s t .  

Table 5.14 shows a s i m i l a r  d i s t r i b u t i o n  o f  r o a r s  among the  sex  and 

age c l a s s e s  a s  shown f o r  b l e a t s  i n  Table 5.13. The r o a r  was used p re -  

dominantly by adu l t  females aga ins t  a d u l t  males and o t h e r  adu l t  females,  

and by sub-adul ts  aga ins t  adu l t  males. 

Table 5.1 4. The actoz-recipient matrix ji3r roars. 

The matrix is explained i n  Table 5 . 1 1 .  

ACTOR A d  

A? 

S 

C 

(e) Squeak-Pant (n = 139) (see Tables 5.10 and 5.15) 

Squeak-pants were heard most f requent ly  from males during prolonged 

chases.  They were a s soc i a t ed  with honks and b l e a t s  i n  83 o f  t h e  100 pro-  

longed chases which were seen o r  heard. In 30 of the  35 chases which were 

RECIPIENT 

~b A? S C 

2  
. 4  

2  0  1  
3.4 0 . 0  3 .1  

10 23 5  4  
1 7 . 2  14 .8  4 . 6  2 . 6  

6  1  2  0  
15 .0  0 . 9  0 . 5  0 .0  

0  0 0  1  
0 . 0  0 . 0  0 . 0  1 . 0  

18 26 7  6  
20.9 9 . 4  2 . 2  2 . 7  

Tot a1 

5  
5 . 8  

42 
15 .2  

9  
2 . 8  

1 
0 . 5  

5  7  



seen c l e a r l y ,  only t h e  pu r sue r  was squeak-panting. Adult males chased 

a d u l t  females o r  o t h e r  a d u l t  males over long d i s t ances ,  and squeak- 

panted r egu la r ly  throughout.  Squeak-panting a f t e r  a f i v e  o r  10 minute 

chase o f t e n  continued f o r  up t o  another  10 minutes a s  t h e  rhino wandered 

back along the  pa th  of t he  chase s n i f f i n g  t h e  ground. On two occasions 

a d u l t  males followed a female ' s  t r a c k s ,  squeak-panting as they  went. 

There were t h r e e  cases  o f  a d u l t  females u s ing  the  squeak-pant as  a 

contac t  c a l l  while searching  f o r  t h e i r  ca lves .  Adult and sub-adul t  

females squeak-panted during o e s t r u s  when fo l lowing  an adu l t  male (Sect ion 

5.5.2) and i n  response t o  s c e n t s  on t h e  ground. Sub-adul t s  squeak-panted 

occas iona l ly  while spa r r ing ,  and a sub-adult  female once f l e d ,  s t a r t  l e d  

by a sambhar's alarm c a l l ,  and squeak-panted from 50 metres away f o r  about 

10 minutes. 

Table 5 .l 5. The actorrecipient  matrix for squeak-pants. 

The matrix is expla ined  i n  Table 5 .11 .  

A' 

A? 

S 

C 

(f)  Moo-grunt (n = 212) (see Tables 5.10 and 5.16) 

The moo-grunt, although recorded l e s s  f r equen t ly  than s n o r t s  o r  

honks, i s  probably one o f  t h e  most f requent  voca l i za t ions  a s  it i s  o f  low 

i n t e n s i t y  and does no t  c a r r y  over long d is tances .  I t  was d i r e c t e d  pre-  

RECIPIENT 

A b  A? S C 

10 2 1  11 1  
76.9  36.2 27.5  3 . 1  

4  0  2  3  
11.1  0 .0  1 . 8  1 . 9  

1  0  2  0  
2 .5  0 . 0  0 . 5  0 . 0  

0  0  0  0  
0 . 0  0 . 0  0 . 0  0 . 0  

15 2 1  15 4  
1 7 . 4  7 . 6  4 . 7  1 . 8  

1 

Total 

43 
50. 0  

9  
3 . 2  

3  
0 .9  

0  
0 . 0  

55 



dominantly (78%) by ca lves  a t  t h e i r  mothers as a contact  c a l l .  

A c a l f  moo-grunted while  grazing o r  walking n e a r  i t s  mother (n = 101),  

a t  t h e  approach o f  another  ind iv idua l  (n = 28) and while l y ing  o r  wallow- 

ing  nea r  o r  i n  phys ica l  contact  with i t s  mother (n = 24). A c a l f  s topped 

moo-grunting when i t  re turned  close t o  i t s  mother a f t e r  wandering away 

(n = 23) and, a f t e r  lying s i l e n t l y  bes ide  i t s  mother, s t a r t e d  moo-grunting 

on walking away from h e r  (n = 17) .  A c a l f ' s  r a t e  o f  moo-grunting decreased 

a f t e r  r e tu rn ing  t o  i t s  mother from a d i s t ance  (n = 7) .  A mother r a r e l y  

moo-grunted i n  r ep ly  t o  i t s  calf  (n = 8):  and when she d id  s o  it w a s  

normally d e s u l t o r i l y .  On two occasions, a mother moo-grunted once i n  

response t o  a long s e r i e s  of  moo-grunts from i t s  separa ted  c a l f .  On 

another  occasion, however, it was t h e  mother which moo-grunted f r equen t ly  

and t h e  c a l f  which remained s i l e n t ,  ly ing  i n  phys i ca l  contact  with an 

a d u l t  male (Section 5.6 . l )  . Calves moo-grunted f requent ly  during p l a y  

and before  suckl ing  (Sect ion 5 .6 .1) .  One c a l f  moo-grunted while be ing  

a t tacked  by an adu l t  male, and two o t h e r s  moo-grunted while fol lowing 

sub-adul ts .  A l o s t  11 month old c a l f  moo-grunted f requent ly  during the  

two days t h a t  i t  was separa ted  from i t s  mother. 

Sub-adults moo-grunted while grazing o r  walking toge the r  (n = 10),  

although answering moo-grunts were r a r e  (n = 2 ) .  Sub-adults a l s o  moo- 

grunted while spa r r ing  wi th  each o t h e r  (n = 5) and one d id  s o  during an 

a g o n i s t i c  i n t e r a c t i o n  with an adu l t  male. On two occasions a sub-adul t  

followed an adu l t  male moo-grunting r e g u l a r l y  on h i s  t r a i l ,  and on t h r e e  

occasions a sub-adul t  moo-grunted while fol lowing a cow-calf p a i r .  An 

a d u l t  female once moo-grunted on be ing  chased by an a d u l t  male and an 

adu l t  male once moo-grunted while walking alone.  



Table 5.16. The actorrecipient  matrix for moo-gmts  . 

The matrix is  explained i n  Table 5.11, but note tha t  
associations between mothers and t h e i r  own calves were 
included when calcula t ing r a t e s  of moo-grunting. 

ACTOR A$ 

A? 

S 

C 

(g) S h r i e k  (n = 12) ( see  Table  5.10) 

The s h r i e k  was h e a r d  o n l y  d u r i n g  i n t e n s e  a g o n i s t i c  i n t e r a c t i o n s  

between r h i n o s  (Table 5 .10) ,  b u t  t h e  r h i n o s  were seen  on on ly  t h r e e  

occas ions .  Two o f  t h e s e  t h r e e  o c c a s i o n s  were d u r i n g  mating o r  c o u r t -  

s h i p  chases  when t h e  a d u l t  female  s h r i e k e d  as s h e  t u r n e d  t o  f a c e  and 

f i g h t  t h e  pursu ing  male (Sec t ion  5 .S. 2) . On t h e  t h i r d  occasion t h e  

s h r i e k  was used by one o f  two a d u l t  males f i g h t i n g  each o t h e r  i n  t h i c k  

v e g e t a t i o n .  

(h) Groan (n = 15) ( s e e  Table  5.10) 

The groan was t y p i c a l l y  h e a r d  dur ing  a l u l l  i n  f a c e  t o  f a c e  agon- 

i s t i c  i n t e r a c t i o n s  when b o t h  p a r t i c i p a n t s  s t o o d  f a c i n g  each o t h e r ,  

heads  h e l d  r a t h e r  low and mouths open p r e l i m i n a r y  t o  j o i n i n g  i n  combat 

a g a i n  (Sect ion 5.3.3) . There was no c o r r e l a t i o n  between t h e  e v e n t u a l  

winner  o f  such an i n t e r a c t i o n  and whether  t h a t  i n d i v i d u a l  groaned o r  n o t .  

The groan seemed t o  b e  a warning s i g n a l  r a t h e r  t h a n  a submiss ive  s i g n a l ,  

RECIPIENT 

A& A 9  S C 

0 0 0 0 
0.0 0.0 0.0 0.0 

1 0 0 8 
1.7 0.0 0.0 0.8 

3 3 15 0 
7.5 2.8 4.0 0.0 

2 165 2 0 
6 .3  16.6 0.4 0.0 

6 168 17 8 
7.0 60.6 5.4 0.9 

and was used whi le  advancing s lowly  as well as w h i l e  s t a t i o n a r y .  I t  w a s  

Total 

0 
0.0 

9 
3.2 

2 1 
6.6 

169 
18.8 

199 



only once heard by both p a r t i c i p a n t s  during t h e  same i n t e r a c t i o n .  On 

most occasions it was an a d u l t  female (n = 10) o r  sub-adul t  female (n = 

4) which was groaning,and i n  most cases  t he  groans were d i r ec t ed  a t  a d u l t  

females (n = 12) .  

( i )  Rumble (n = 22) (see Table 5.10) 

As in  r e a c t i o n s  t o  human dis turbance (Table 5 .9) ,  the  rumble was used 

most f requent ly  by adu l t  males (n = 15) . They rumbled while  walking o r  

graz ing  alone (n = 3 ) ,  on crossing t h e  bo rde r  of two vegeta t ion  types  o r  a 

r i v e r  bank (n = 2 ) ,  while  walking o f f ,  s q u i r t - u r i n a t i n g ,  a f t e r  smel l ing  

t h e  ground i n t e n t l y  (n = 4 ) ,  i n  response t o  t h e  approach of sub-adul t  

males (n = 4) o r  a f t e r  a  b r i e f  i n t e r a c t i o n  wi th  another  rhino (n = 2) .  

Adult females and sub-adul ts  rumbled a f t e r  b r i e f  i n t e r a c t i o n s  wi th  o t h e r  

rh inos  (n = 5) o r  while grazing n e a r  o t h e r  rh inos  (n = 2) .  

( j )  Humph (n = 17) 

The humph was only used by rh inos  f l e e i n g  a f t e r  b r i e f  encounters  

with o t h e r  rh inos ;  i t  was sometimes preceded by exchanges of s n o r t s  and 

honks. I t  had l i t t l e  s o c i a l  s ign i f i cance  beyond being a  s igna l  t h a t  t h e  

ind iv idua l  was f l e e i n g .  

5.3.1.3 Reactions t o  sounds played back on a  tape- recorder  

Rhinos showed i n t e r e s t  i n  a l l  rh ino  sounds played back near  them. 

Most i nd iv idua l s '  r eac t ions  were e i t h e r  t o  glance b r i e f l y  i n  t h e  d i r e c t i o n  

o f  o r i g i n  o f  t h e  sounds o r  e l s e  t o  move o f f  qu ick ly .  However, some a d u l t  

males showed p a r t i c u l a r  i n t e r e s t  i n  sounds o f  f i g h t i n g  such as honks, 

squeak-pants, b l e a t s  and roars ,  and approached t h e  tape-recorder ,  o f t e n  

s q u i r t - u r i n a t i n g  and dragging t h e i r  f e e t  (Sect ions 5.7 and 6.2.2.2). 

Some a d u l t  males moved o f f  i n  the d i r e c t i o n  o f  r e a l  sounds o f  f i g h t i n g ,  

and sub-adul t  and adu l t  females a l s o  showed i n t e r e s t  i n  such sounds on a  



few occasions,  p a r t i c u l a r l y  during oes t rus  (Sect ion 5.5.2) .  

5 . 3 . 2  Olfac tory  communication 

Rhinos o f t en  paused,while walking, t o  s n i f f  t h e  ground,and showed 

p a r t i c u l a r  i n t e r e s t  i n  t h e  s i t e s  of u r i n a t i o n  and defeca t ion  o f  o t h e r  

rh inos .  They followed each o t h e r  by scent :  on seve ra l  occasions I 

watched one o f  a temporar i ly  separa ted  p a i r  of rh inos  r e j o i n  i t s  companion 

by s n i f f i n g  along i t s  t r a c k s .  Pedal scent  glands occur  i n  Rhinocems 

(Cave, 1962), and it i s  l i k e l y  t h a t  o l f a c t o r y  s i g n a l s  inc lude  odours l e f t  

on the t r a i l  from t h e s e  glands,  i n  addi t ion  t o  those  o f  t h e  ur ine  and dung. 

There a r e  some s p e c i a l  ac t ions  a s soc i a t ed  with u r i n a t i o n  and defeca t ion ,  

p a r t i c u l a r l y  i n  a d u l t  b u l l s ,  apparent ly r e l a t e d  t o  t h e  leaving of  p e r s i s t -  

e n t  scent-marks i n  t he  environment. Urinat ion,  defeca t ion  and o t h e r  

a s soc i a t ed  ac t ions  o f  relevance t o  scent  marking a r e  descr ibed below. 

5.3.2.1 Urinat ion 

I descr ibe  he re  two methods o f  u r i n a t i o n  used by rh inos ,  t h e  contexts  

i n  which they  were used and t h e  frequencies  with which each sex  and age 

c l a s s  u r ina t ed .  I saw rh inos  u r i n a t i n g  during 390 o f  my encounters with 

them and I counted 622 occurrences o f  u r ina t ion .  I l a t e r  divided these  

occurrences i n t o  433 s e r i e s  o f  from one t o  ove r  20 u r i n a t i o n s  t h a t  were 

of t h e  same type  (see below) and appeared t o  be t r i g g e r e d  by t h e  same 

s t i m u l i .  Most o f  t h e s e  s e r i e s  l a s t e d  only  a  few minutes, b u t  some l a s t e d  

much longer .  For example, i f  a  rhino was graz ing  s t e a d i l y  and u r i n a t i n g  

once every few minutes over  a  per iod  o f  an hour  o r  more, a l l  t he  u r in -  

a t i o n s  were counted a s  a  s i n g l e  s e r i e s .  

(a)  Methods o f  u r i n a t i o n  

( i )  Normal u r ina t ion .  

The normal method o f  u r ina t ion  was i n  a  r e g u l a r  continuous s t ream 



which f e l l  t o  t h e  ground l e s s  than h a l f  a metre behind t h e  rhino.  Both 

males and females i nva r i ab ly  l i f t e d  t h e i r  t a i l s  and curled them over  

t h e i r  backs o r  h e l d  them s t r a i g h t  ou t  behind them, during u r ina t ion .  

Rhinos stopped a l l  a c t i v i t y  while  u r i n a t i n g  normally: t h i s  i s  i n  marked 

con t r a s t  t o  s q u i r t - u r i n a t i o n  (see below) . 

( i i )  Squ i r t  -u r ina t ion .  

Both males and females are  capable o f  squ i r ing  t h e i r  u r ine  behind 

them i n  one o r  more j e t s .  Males can u r i n a t e  wi th  t h e  g r e a t e s t  f o r c e ,  

s q u i r t i n g  j e t s  o f  u r i n e  up t o  t h r e e  o r  f o u r  metres backwards (see P l a t e  

28). The number o f  s q u i r t s  per  u r i n a t i o n  i n  males va r i ed  from one t o  17 

wi th  a mean o f  2.7 (n = 143).  The u r ine  was o f t e n  sprayed onto vege- 

t a t i o n  behind t h e  rhino up t o  a he igh t  o f  more than  a  metre. Although 

females can s q u i r t  t h e i r  u r ine  up t o  about 1.5 metres behind them, they  

normally did so  only  during o e s t r u s  (Sect ions 5.5.1 and 5.5.2) .  Both 

sexes s q u i r t - u r i n a t e d  while  s t a t i ona ry ,  walking o r  running. 

@) Contexts and frequency o f  u r i n a t i o n  by rh inos  o f  d i f f e r e n t  

sex and age c l a s s e s  

Fig. 5.4 shows t h e  contexts  i n  which 433 s e r i e s  of u r ina t ions  were 

recorded. Urinat ion was p a r t i c u l a r l y  f requent  i n  c e r t a i n  contexts :  

f o r  example, 120 (27.7%) of the  s e r i e s  o f  u r i n a t i o n s  occurred during 

r eac t ions  t o  t h e  observer ,  and 113 (26.1%) appeared t o  be i n  response 

t o  o t h e r  rhinos o r  t o  s cen t s  on t h e  ground. In  Table 5.17 t h e  contexts  

o f  u r ina t ion  a r e  shown f o r  each sex and age c l a s s  of rhinos.  Adult 

males were seen u r i n a t i n g  more f r equen t ly  than any o t h e r  sex  and age 

c l a s s  (see below) and a h igher  proport ion o f  t h e i r  u r ina t ions  were i n  

response t o  t he  observer ,  t o  the s i g h t  o r  s c e n t  o f  o t h e r  rhinos,  o r  on 

c ross ing  a l i n e  f e a t u r e .  

Table 5.18 shows t h a t  adul t  males u r i n a t e d  f o u r  times more f r equen t ly  



and mat~ng 

Tracks of A? D 
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Fig. 5 . 4 .  The contexts i n  w h i c h  rhinos w e r e  obsertred u r i n a t i n g  
(n = 4 3 3 ) .  
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T a b l e  5 . 1 7 .  The contats  of u r i n a t i o n  by rhinos of each  s e x  and 
a g e  class. 

Dtect interactions 
wlth other rh~nos 

66 

. 

Approach o f  
another rhmno 

7 

Rhino dung 

Scents in 
absence of 
rhinos 

30 

Subad. reet- 
ing ano?her 

5 

Sight of other or sound h ~ n o s  

17 

Rhino urine 

2 

Rhinos seen 

Total  

120 (27.7%) 
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Number o f  observat ions  

A# AP S C 

75 (34.7%) 27 (22.7%) 16 (24.2%) 2 ( 6 . 5 % )  

41 (19.0%) 21 (17.6%) 13 (19.7%) 8 (25.8%) 

17 ( 7.0%) 4 ( 3.4%) 4 ( 6.1%) 5 (16.1%) 

32 (14.8%) 32 (26.9%) 24 (36.4%) 8 (25.8%) 

4 ( 1.9%) 14 (11.8%) 4 ( 6.0%) 2 ( 6.5%) 

l 2  ( 5.6%) 16 (13.5%) 2 ( 3.0%) 6 (19.3%) 

36 (16.1%) 5 ( 4.1%) 3 ( 4.55) 0 ( 0.0%) 

217 119 66 31 

4 

At water's 
edge 

36 - 
Reaction to 
observer 

Wallowing: 
on rising to fighting 120 

4 feet 24 



Table 5.18. The relative frequencies of nonnal and s q u i r t 4 a t i m  
by  rhinos of eash sex and we class. 

Total r a t e s  o f  u r ina t ion : -  

~ d l >  A? = S > C p < 0.001 

Overall X2 = 489.0 p < 0.001 

Other p values:- 

Ab A? S  

A? <0.001 

Squi r t  u r ina t ion  vs Normal:- 

Normal u r ina t ion  > Squi r t  : A9 X 2  = 145.9 p < 0.001 
S  x i =  28.7 p < 0.001 
C x = 2 7 . 5  p < 0.001 

during observat ion per iods  than  adul t  females o r  sub-adul ts  did.  Fur ther -  

more, 48% of adu l t  males' s e r i e s  of  u r i n a t i o n s  were of  more than a  s i n g l e  

u r i n a t i o n ,  compared with only 12% of adu l t  females1,  10% o f  sub-adul t s1  

and 6% of  ca lves '  . Table 5 .l8 a l so  shows t h a t  a d u l t  males not  only u r i n -  

a t e d  more f r equen t ly  b u t  were t h e  only c l a s s  t o  s q u i r t - u r i n a t e  s i g n i f i -  

can t ly  more f r equen t ly  than  they  u r i n a t e d  normally.  

The h ighe r  r a t e  o f  u r ina t ion  by a d u l t  males was not  a  r e s u l t  o f  a 

g r e a t e r  number of r eac t ions  t o  the  observer  o r  longer  spent  wi th  o t h e r  

rhinos.  Table 5.19 shows t h e  numbers of occasions on which each sex  and 

age c l a s s  u r ina t ed  during reac t ions  t o  t h e  observer  compared with t h e i r  



Table 5.19. The fiequeltcg of urination by rhinos of each sex 
cmcl age class G2 reaction t o  the observer. 

Overall X2 = 186.7 p < 0,001 

Class 

Ad 
A? 

S 

C 

t o t a l  number of r e a c t i o n s  t o  the  observer.  Adult males ur ina ted  on 23% 

o f  323 occasions whereas t h e  o t h e r  sex and age c l a s s e s  ur ina ted  on only 

3% o f  1,431 occasions (Table 5.19) .  S imi l a r ly ,  adu l t  males were l e s s  

f r equen t ly  near  o ther  rh inos  (Section 5 .2 ,  Table 5.8)  ye t  ur ina ted  more 

f r equen t ly  i n  r eac t ion  t o  them (X2 = 153.1 p  0.001 on r a t e s  o f  u r in -  

a t i o n  pe r  hour i n  aggrega t ions) .  One of t h e  most marked d i f f e rences  b e t -  

ween adu l t  males and o the r  c l a s s e s  was t h e  frequency of u r ina t ion  i n  

c ross ing  l i n e  f e a t u r e s  such a s  t h e  boundary of  two vegeta t ion  types (see 

Table 5.17).  This i s  discussed below i n  Sec t ions  5.6.4.2 and 5.7. 

(c) Behaviour a s soc i a t ed  with s q u i r t - u r i n a t i o n  

Squ i r t -u r ina t ion  i n  adul t  males was o f t e n  accompanied by o the r  

behaviour p a t t e r n s  p e c u l i a r  t o  adul t  males. These included vigorously 

rubbing t h e  head and horn in  low vegeta t ion ,  and walking s t i f f - l e g g e d ,  

dragging t h e  hind t o e s  i n  t h e  e a r t h ,  thus  c r e a t i n g  a  p a i r  of p a r a l l e l  

furrows i n  t h e  ground. 

A rh ino  performing t h i s  type o f  d i sp l ay  of ten  wandered on and o f f  

any pa ths ,  breaking down vegetat ion on e i t h e r  s i d e  i n  a  wide t r a i l  which 

Number o f  occasions 
dis turbed by observer 

323 

705 

40 3  

60 1  

Number of occasions 
when rhinos ur inated 

75 (23.2%) 

27 ( 3.8%) 

16 ( 4.0%) 

2 ( 0 . 3 % )  



crossed and recrossed  t h e  main path.  The r e s u l t  was a  t r a i l  o f  broken 

vegetat ion with furrows i n  t h e  ground, and u r ine  covering t h e  vegeta t ion  

and upturned e a r t h .  Drag-marks were o f t e n  more than 100 metres long, 

and one extended f o r  600 metres.  They were a s soc i a t ed  with dung-piles on 

e i g h t  occasions,  e i t h e r  s t a r t i n g  a t  them o r  pass ing  through them (e.g. 

P l a t e  29). 

Both foot-dragging and head-rubbing were s t r o n g l y  assoc ia ted  wi th  

squ i r t -u r ina t ion :  I saw foot-dragging on 38 occas ions ,  on 37 o f  which it  

was accompanied by s q u i r t  u r ina t ion  and on s i x  by head and horn-rubbing. 

Table 5.20 shows t h e  contexts  i n  which foot-dragging occurred: they  a r e  

s i m i l a r  t o  those i n  which squ i r t -u r ina t ion  was observed by adu l t  males 

(Tables 5.17 and 5.18).  On s i x  occasions foot-dragging accompanied u r in -  

a t i o n  a f t e r  a  male had chased a  female. The male pushed down t r e e s  wi th  

h i s  horn on two such occasions,  and once he charged a  small t r e e  a t  high 

speed and h i t  it with h i s  horn. On 1 2  occasions the re  was no immediately 

preceding i n t e r a c t i o n  with another  rhino.  Five o f  these observa t ions  were 

a t  t h e  border  o f  grass land  and r i v e r i n e  f o r e s t  a s  t h e  rhino en tered  t h e  f o r e s t .  

Table 5.20. The con tex t s  of foot-dwrgging by a d u l t  males. 

Apart from d i r e c t  observat ions o f  foot-dragging,  I a l s o  found 59 

p l aces  where t h e r e  were s igns  of  foot-dragging. The numbers of drag 

marks found i n  each ca lendar  month over  t h e  study period a r e  shown i n  

( i )  Disturbance by observer 

( i i )  Reaction t o  other rhinos 

( i i i )  Reaction t o  scent on the ground 

( iv)  While walking/grazing 

(v) While crossing boundaries o f  
vegetation types 

Total 

11 

10 

5 

7 

5 

38 



Table 5.21, t oge the r  w i th  t h e  r a t e s  of  f i nd ing  drag marks pe r  100 hours  

i n  t h e  f i e l d .  t he  d i f f e r ences  a r e  not s i g n i f i c a n t ,  although t h e  r a t e s  

a r e  h ighes t  between Apr i l  and J u l y .  Foot-dragging i s  discussed i n  

Sec t ions  5.6.4.2 and 5.7 .  

Table 5.21. The flequency of o b s e r v a t h s  of dragtnarks i n  each 
calendar month. 

Overall X2  on pa i r s  of months: X2 = 9 . 4 2  p > 0.05 

5.3.2.2 Defecation 

(a) Contexts 

I observed defeca t ion  124 times and a l s o  c o l l e c t e d  da ta  on the  

accumulation of dung-piles.  Only 13% o f  1,080 f r e s h l y  deposi ted faeces  

examined were more than  10 metres from o t h e r  v i s i b l e  dung. 'his i n d i -  

c a t e s  t h a t  rhinos a r e  s t imu la t ed  t o  defeca te  when they  encounter rh ino  

dung. I confirmed t h i s  by d i r e c t  observa t ions ,  although t h e r e  was a 

complication i n  t h a t  rh inos  o f t e n  defecated i n  r eac t ion  t o  d is turbance  



by t h e  observer .  Table 5 .22  shows t h e  numbers o f  defecat ions observed 

during normal a c t i v i t i e s  and a f t e r  d i s turbance ,  on and away from dung- 

p i l e s .  During normal a c t i v i t i e s  rh inos  defecated on dung-piles on 88% 

of occasions (n = 9 4 ) .  

The menhers of cow-calf p a i r s  and sub-adul t  groups o f t en  defeca ted  

wi th in  a  few minutes of each o the r  even if they  were not  a t  a  dung-pile.  

Rhinos tended t o  choose p a r t i c u l a r  spo t s  t o  defeca te  even i n  t h e  absence 

of a  dung-pile. Bushes, t he  bases of  t r e e s  and clumps o f  grass  were 

favoured, and t h e r e  was a  very s t rong  a t t r a c t i o n  t o  any kind o f  hollow 

i n  t h e  ground. Dung-piles normally grew up as a r e s u l t  o f  o t h e r  rh inos  

r e a c t i n g  both t o  t h e  smell  o f  t he  dung and t o  i t s  pos i t i on .  This was 

p a r t i c u l a r l y  no t i ceab le  when men had been digging d i t ches  around t h e i r  

f i e l d s  o r  around the  park boundary. Rhinos defecated when they  crossed 

t h e  d i t ches ,  b u t  a  s i z e a b l e  dung-pile accumulated only when t h e  rfiinos 

were confined by fences o r  deeper d i t ches  t o  a  s i n g l e  c ross ing  p l ace .  

The sunken s tone  markers f o r  t h e  a i r s t r i p  i n  t h e  park were con t inua l ly  

be ing  used as defecat ion s i t e s .  

Table 5 . 2 2 .  The frequencies o f  defecation by rhinos o f  each sex and 
w e  cZass on and away fm dung-piles and i-k relation 
to disturbance by the observer. 

Rates o f  defecation: - 
Overall: X2 = 14.9 p 0.01 d f  = 3 

~ b r ~ 9 . i S . C  ~ ~ 0 . 0 2  

Class - 
A d  

~9 
S  

C 

? 

Total 

On dung-pile vs away fmm dung-pile:- 

Overall: X 2  = 6.53  p c 0.05 

Rate o f  defecation 
per 100 hours o f  

observation 

6 . 5  

4 .5  

4 . 3  

2.1 

.Xusber o f  observations 

During normal a c t i v i t i e s  

On dung-pile Auay fmm h g - p i l e  

16 4 

24 11 

16 1 

12 5 

S 0 

73 2 1 

In reaction t o  observer 

01 bung-pile Away froa  dung-pile 

5 2 

l 12 

l 6 

0 2 

0 1 

7 2 3 

Total 

2 7 

48 

24 

19 

6 

124 



(b) Frequency o f  defeca t ion  i n  each sex  and age c l a s s  

Table 5 . 2 2  shows t h e  numbers o f  defeca t ions  p e r  100 hours of obser-  

va t ion  f o r  each sex  and age of rh inos .  I t  can be  seen t h a t  a d u l t  males 

defeca ted  s i g n i f i c a n t l y  more f requent ly  than  t h e  o the r  sex  and age 

c l a s s e s .  Furthermore, t h e  propor t ion  o f  defeca t ions  on dung-piles was 

h ighes t  f o r  adul t  males. There a r e  smal le r  d i f f e r ences  between t h e  sex  

and age c l a s se s  i f  defeca t ions  i n  response t o  d i s t u A a n c e  by t h e  observer  

a r e  excluded from t h e  comparison. 

(c )  Behaviour a s soc i a t ed  wi th  defeca t ion  

Rhinos normally walked s t r a i g h t  up t o  a dung-pile o r  defeca t ion  s i t e  

and evacuated t h e i r  bowels e i t h e r  over it o r  bes ide  i t .  On severa l  oc- 

casions a rhino swive l led  i t s  h indquar te rs  round t o  b r i n g  them over  t h e  

dung-pile,  b u t  a rh ino  s tepped backwards onto a dung-pile on only t h r e e  

occas ions .  

I saw undisturbed rh inos  s n i f f i n g  the  defeca t ion  s i t e  be fo re  defe- 

ca t ion  on 17 (18.1%) o f  observa t ions ,  and 15 of t hese  s i t e s  were dung- 

p i l e s .  A rhino mouthed previous ly  deposi ted dung before  defeca t ing  on 

f o u r  occasions,  and a t e  i t s  own dung immediately a f t e r  defecat ion on two 

occasions.  Mouthing of dung and coprophagy were recorded f o r  calves and 

sub - a d u l t  S only. 

Rhinos normally walked o f f  immediately a f t e r  defeca t ion ,  b u t  on seven 

occasions I saw a rhino scrape backwards wi th  one o r  both h ind fee t  , t hus  

spreading e a r t h  over t h e  f r e s h l y  deposi ted dung. I saw signs o f  dung- 

scrap ing  on seven o t h e r  occas ions ,  and t r a c k s  i n d i c a t e d  t h a t  the  rhino had 

backed up t o  defeca te  on two o f  t hese  occasions.  Ten o f  t h e  14 scrapes 

observed were on dung-pi les ,  and i n  one case no f r e s h  dung had been added 

t o  t h e  p i l e .  Three observa t ions  were made o f  rh inos  walking up t o  a dung- 

p i l e  and l i f t i n g  t h e i r  tails i n  readiness  t o  defeca te ,  then lowering them 

again and walking away without  defeca t ing .  A l l  sex and age c l a s se s  were 



implicated i n  scrap ing;  some from d i r e c t  observa t ion  and some from e v i -  

dence o f  t r acks .  Dung-scraping i s  compared i n  Sect ions 5. 7 and 6 . 3  with  

s i m i l a r  behaviour i n  o t h e r  species  o f  rh inos .  

(d) The o r i g i n s  and frequency o f  u se  of  dung-pi l e s  

Table 5 . 2 3  shows the  types o f  l oca t ions  o f  180 dung-piles on 

s t r a i g h t - l i n e  t r a n s e c t s  i n  t he  Sauraha s tudy  area .  Dung-piles were o f t e n  

found a t  t h e  borders  of r i v e r i n e  f o r e s t  and grass land  o r  on t h e  banks o f  

r i v e r s  and wallows, and a l s o  occurred on pa ths ,  e s p e c i a l i y  a t  pa th  junc t ions  

and bes ide  man-made roads and d i tches .  Such loca t ions  a r e  s i m i l a r  t o  those  

where a d u l t  males tended t o  u r i n a t e  (Sect ion 5.3.2.1).  

Table 5.23. The types of Zocatims of 180 dung-piles on straight- 
l ine transects a t  Sauraha. 

Fig. 5 .5 shows plans of dung-piles along a path i n  open grass land .  

Dung-piles va r i ed  i n  t h e  degree o f  p i l i n g  up, and some were s c a t t e r e d  

over  a wide a rea .  (I defined dung-piles (Section 5.1.4) a s  inc luding  

a l l  defeca t ions  wi th in  10 metres from any o the r . )  The maximum height  o f  

Type of location 
* 

1. On rhino paths: 

(a) Near a wallow 

(b) Near a boundary between 
vegetation types o r  on 
a road 

(c) Other locations 

2 .  Away from rhino paths: 

(a) In burnt grassland 

(b) In woodland 

A 

Number of 
dung-pi les  

2 6 

2 3 

79 

128 

48 

4 

5 2 



Measurements t o  t h e  l e f t  r e f e r  t o  t h e  d i s t ance  from 
the  or ig in :  no dung was recorded on t h e  in t e rven ing  
s e c t i o n s  o f  t h e  pa th .  

F i g .  5.5. A plan shooing the distribution of rhino d m g  a2ong a 
path in t a l l  grassland. 

p i l e s  recorded was 80 cms, b u t  most p i l e s  were only about 20-30 a s  a t  

t h e i r  h ighes t  po in t s .  

The frequency of  use  o f  dung-piles v a r i e d  d i r e c t l y  according t o  t he  

number o f  rhinos us ing  t h e  a rea .  P i l e s  which had been disused f o r  many 

weeks were suddenly re-used by seve ra l  rh inos  i n  succession when rh inos  



moved i n t o  an a r e a  which provided a temporary food supply- Wenty- f ive  

dung-piles were checked i n  block F on 10 consecut ive days i n  ~ e c e m b e r  

1973 and J u l y  1974. In December 14 dung-pi les  were used a t o t a l  of 36 

t imes and i n  J u l y  24 dung-pi les  were used a t o t a l  of 123 t imes.   he dung- 

p i l e s  a t  t h e  base of a c l i f f  where rh inos  come t o  a mineral l i c k  dur ing  

t h e  win ter  months (Section 4.3.9),  were used f r equen t ly  during t h e  w i n t e r  

b u t  ha rd ly  eve r  during t h e  monsoon. The dung-piles i n  unburnt a r eas  o f  

grass land  very r a r e l y  had f r e sh  dung on them i n  December and January,  b u t  

a f t e r  burning, and during t h e  per iod  o f  g ra s s  regrowth, most o f  t h e  o l d  

dung-piles were used again and some new ones were c rea ted .  

I recorded a l l  dung and defeca t ions  on s e t  c i r c u i t s  i n  the  Sauraha 

s tudy a r e a  (descr ibed i n  Section 5.1.4) .  On a s i x  ki lometres  c i r c u i t  i n  

t h e  Sauraha s tudy a rea ,  t h e r e  were 25 defeca t ion  s i t e s  on 19 March 1975 

and 54 on 24 May 1975. Between these  da t e s ,  my b r o t h e r  and I walked t h e  

c i r c u i t  on 38 days. During these  days rh inos  defecated on t h e  o r i g i n a l  

25 s i t e s  237 t imes;  on t h e  o the r  hand, t h e  29 add i t i ona l  s i t e s  were used 

only 38 t imes, only f o u r  o f  them being used more than once. 

Thus, e s t a b l i s h e d  p i l e s  a r e  more l i k e l y  t o  be  added t o  than s i n g l e  

defeca t ions .  S i t e s  of s i n g l e  defecat ions a r e  only l i k e l y  t o  develop i n t o  

dung-piles i f  on a we l l  frequented rh ino  rou te .  A s  rhinos t end  t o  defe- 

c a t e  when they f i n d  some dung, those rh inos  on well-frequented rou te s  

a r e  f a r  more l i k e l y  t o  defecate  on p i l e s  than  away fmm p i l e s  simply be-  

cause o f  t he  numbers of rh inos  which have preceded them and defecated on 

t h e  route .  

5.3.2.3 Reactions t o  scents  

Perfunctory s n i f f i n g  of t he  a i r ,  ground o r  vegetat ion was so  f r e -  

quent t h a t  I d id  no t  record  each occurrence. However, I d id  record t h e  

d e t a i l s  o f  103 prolonged reac t ions  by rh inos  t o  s cen t s  on t h e  ground o r  



t h e  vege ta t ion .  During long observat ion per iods  from machans, I was a b l e  

t o  watch t h e  r e a c t i o n s  o f  rh inos  t o  t he  t r a c k s  o r  u r i n e  o f  rh inos  which 

I had seen e a r l i e r .  There were 20 r eac t ions  t o  rh ino  dung, 35 t o  rh ino  

u r i n e  o r  t r a c k s  and e igh t  t o  human u r i n e  o r  t r a c k s .  On 40 occasions I 

could n o t  determine what t h e  rhinos were s n i f f i n g .  Adult males accounted 

f o r  35 o f  the  103 observa t ions .  

On 62 (60.7%) o f  t h e  occasions,  a rhino s n i f f e d  i n t e n t l y  with i ts  

nose c lose  t o  t h e  ground and then e i t h e r  r a i s e d  i t s  nose with t h e  head 

he ld  low, o r  r a i s e d  i t s  whole head high i n  t h e  a i r ,  cur l ing  back the l i p s  

and holding t h e  p o s i t i o n  f o r  a few seconds ( P l a t e  30) .  This ac t ion  has  

been descr ibed as t h e  ftehmen response i n  a wide v a r i e t y  of mammals 

(Estes ,  1972). On 26 occasions the  rh ino  repea ted ly  s n i f f e d  the  ground 

and performed ftehmm - sometimes up t o  e i g h t  t imes within a few minutes. 

Table 5.24 shows the  frequency of ftehmen by rh inos  o f  d i f f e r e n t  

sex  and age c l a s se s ,  and t h e  scents  t o  which they  reac ted .  I t  can be  

seen t h a t  a d u l t  males and sub-adul ts  performed f t e h e n  s i g n i f i c a n t l y  more 

f requent ly  than a d u l t  females and ca lves .  There w a s  a l s o  a s i g n i f i c a n t  

d i f f e r ence  between t h e  a d u l t  males and t h e  o t h e r  sex and age c l a s s e s  i n  

t h e  r e l a t i v e  numbers of male and female rh inos '  t r a c k s  o r  ur ine  t o  which 

t h e y  responded (F isher  exac t  p r o b a b i l i t y  t e s t  p < 0.002).  Adult males 

r eac t ed  predominantly t o  female t r acks  o r  u r ine ;  on f i v e  occasions a f t e r  

o r  during cour t sh ip  o r  mating, and on f o u r  occasions on f ind ing  and some- 

t imes following a female ' s  scent  t r a i l .  Other sex and age c l a s se s  r e -  

ac t ed  more o f t e n  t o  adu l t  male t r a c k s  o r  u r i n e ,  normally no t  after d i r e c t  

i n t e r a c t i o n s  o f  any kind. 

Urinat ion took p l ace  on 11 occasions wi th in  a few minutes o f  fletlmen. 

Snor ts  (n = 3) and moo-grunts (n = 2) a l s o  accompanied fldzmen, although 

t h e r e  were no o t h e r  rh inos  nearby. Licking u r ine  from vegetat ion (n = 4) 

and e a t i n g  t h e  vegeta t ion  (n = 4) preceded o r  followed flehmen on seve ra l  



Table 5.24.  The frequency o f  flehmen as a reaction to  various s c e n ~  
by rhinos of each sex and age class. 

Differences i n  r a t e s  of  f1ehmen:- 

Class 

A b  

A? 

S 

C 

To ta l  

Overall X 2  = 58.2 p < 0.001 

between each p a i r  o f  age and sex c lasses : -  

Niunber o f  observat ions  o f  flehmen 
i n  response to :  

Tracks o r  u r i n e  of 
Unknown 

blale rhino Female rhino I-luman s c e n t  

2 9 1 9 

3 1 2 6 

9 2 1 7 

2 1 1 6 

16 13 5 2 8 

p values 
AS A? S 

A? <0.001 

S >O .OS <O .01 

C <0.001 >0.05 <0.01 

occasions.  FZehmen was accompanied on two of t hese  occasions by defe-  

ca t ion  and u r ina t ion .  

For 28  o f  t h e  observat ions of flehmen, t h e  s cen t  t o  which t h e  rh inos  

r eac t ed  was not  known. Two a d u l t  males performed flehmen on e n t e r i n g  t h e  

same wallow wi th in  an hour  of each o the r ,  and an adul t  female and h e r  c a l f  

d i d  s o  wi th in  a few minutes of each o t h e r  a t  t h e  same p lace  on a r i v e r  

bank. Eight o f  t h e s e  2 8  occurrences o f  ftatrrnen were a t  small  s tagnant  

wallows o r  pools j u s t  a f t e r  a rhino had en te red  and e i t h e r  drunk a l i t t l e  

water  o r  s n i f f e d  t h e  su r f ace .  Another e igh t  occurrences d i r e c t l y  followed 

i n t e r a c t i o n s  with o t h e r  rh inos  and were probably i n  response t o  t he  scen t  

o f  those rhinos.  One sub-adul t  male was chased off by an adu l t  female; 

Total  

2 1 

12 

19 

10 

6 2 

he re turned  15 minutes l a t e r  and performed f l h e n  where she had u r ina t ed .  

Rate (number 
p e r  100 hours 

of observat ion)  

5 .o 
1 .l 

3.4 

1.1 



Male rhino u r i n e  and t i g e r  u r ine  p laced  a t  two p o i n t s  on a  r i v e r  c ross -  

i n g  po in t  received varying a t t e n t i o n  from rh inos .  No rh inos  performed %h- 

men a t  t h e  t i g e r  u r i n e  b u t  two females performed f l e h m e n  a t  t he  rhino u r i n e  

having deviated from t h e i r  pa th  t o  reach it. Dung placed a t  var ious  p o i n t s  

along rhino pa ths  was defecated on, b u t  t h e r e  was no d i f fe rence  between t h e  

rh inos '  r eac t ions  t o  l o c a l  dung and t o  dung brought from Tiger  Tops t o  Sauraha. 

5.3.3 Visual and t a c t i l e  communication 

Rhinos used v i s u a l  and t a c t i l e  s i g n a l s  l e s s  s t r i k i n g l y  than they  used 

sounds. I d i s t i ngu i shed  20 types of  movements o r  ges tures  which seemed o f  

p o t e n t i a l  communicatory s ign i f i cance ,  although some a r e  b e t t e r  i n t e r p r e t e d  

a s  d i r e c t l y  func t iona l  a c t i o n s  r a t h e r  than  a s  r i t u a l i z e d  d isp lays .  I have 

d iv ided  them i n t o  t h r e e  main groups according t o  t h e  contexts  i n  which they  

occurred: - 

(a) prolonged (more than  two minutes) phys i ca l  contact  between 
indiv idua ls  

(b) peaceful  i n t e r a c t i o n s  and p l a y  behaviour  

(c )  a g o n i s t i c  i n t e r a c t i o n s .  

Vocal iza t ions  were f r equen t ly  assoc ia ted  wi th  t h e  s p e c i a l  ac t ion  p a t t e r n s  

descr ibed  below. 

( a )  Physical  contac t  

Rhinos o f t en  maintained phys ica l  contac t  w i t h  each o t h e r  f o r  long 

per iods ,  normally while r e s t i n g  e i t h e r  i n  wallows o r  on dry land. The 

ind iv idua l s  involved normally knew each o t h e r  wel l .  Five types o f  

phys ica l  contact  were d i s t i ngu i shed .  

( i )  Flanks touching f l a n k s  (n = 698). 

Rhinos s tood o r ,  more normally, l a y  t o g e t h e r  wi th  t h e i r  f lanks  

touching (e .g .  P l a t e  25) . Sometimes one o r  bo th  ind iv idua l s  rubbed i t s  

f lank  aga ins t  i t s  companion. 



( i i )  Head on f lank o r  head (n = 219) . 
One rhino pu t  i t s  head up on i t s  companion's f l ank ,  rump o r  head, 

and e i t h e r  kept  it t h e r e  motionless o r  rubbed o r  nuzzled i t s  companion 

(e.g. P l a t e  31) . This occurred most f r equen t ly  while  r e s t i n g  i n  phys i ca l  

contac t ,  b u t  a l s o  during o t h e r  a c t i v i t i e s .  One ind iv idua l  was normally 

t h e  more a c t i v e  i n  any p a i r , i n  keeping i t s  head i n  contac t  with i t s  com- 

panion, b u t  on some occasions t h e  behaviour  w a s  rec iproca ted  and both 

ind iv idua ls  l ay  wi th  heads r e s t i n g  on each o t h e r , o r  engaged i n  mutual 

nuzz l ing  and rubbing. The head region a t t r a c t e d  most a t t e n t i o n  during 

nuzz l ing ,  e s p e c i a l l y  t h e  horn and immediately behind t h e  horn. The e a r s ,  

t h e  chin and t h e  f o l d s  o f  t h e  skin around t h e  neck were a l so  f r equen t ly  

nuzzled, p a r t i c u l a r l y  by calves.  

( i i i )  Licking (n = 40).  

Prolonged l i c k i n g  of  a companion's s k i n  was seen on 40 occasions.  

Typica l ly  one ind iv idua l  was ly ing  down and i t s  companion s tood over  it 

and l i c k e d  f o r  per iods  o f  up t o  10 minutes at e x a c t l y  t h e  same poin t  on 

t h e  sk in  (e.g. P l a t e  32).  A f o l d  of sk in  was o f t e n  t h e  s i t e  chosen f o r  

l i ck ing .  Normally t h e  lower l i p  only, b u t  sometimes both l i p s ,  were 

r e s t e d  on t h e  sk in ,and  t h e  tongue was moved r ap id ly  i n  and out about 100 

times pe r  minute. Licking W as sometimes accompanied by chewing motions 

which were continued a f t e r  leaving the  companion. 

( i v )  Mounting (n = 18).  

Mounting cons i s t ed  o f  r a i s i n g  t h e  fo re l egs  onto a companion's head, 

f lank o r  rump while  it w a s  e i t h e r  l y i n g  o r  s tanding .  A c a l f  sometimes 

cl inbed r i g h t  up onto i t s  mother's back while  she was wallowing (e.g. 

P l a t e  33) .  Most observa t ions  were o f  mounting t h e  f l anks  nea r  t h e  head 

and t h e  head i t s e l f .  



(v) Nose t o  nose nuzz l ing  (n = 58).  

Both rh inos  o f  a  p a i r  s tood  fac ing  each o t h e r  and touched noses.  

They sometimes opened t h e i r  mouths and l i g h t l y  mouthed each o t h e r ' s  horns.  

(b) Play and peacefu l  i n t e r a c t i o n s  

The f i v e  types o f  behaviour  descr ibed under prolonged phys ica l  con- 

t a c t  a l s o  occurred i n  shortened forms during p l a y  and peaceful  i n t e r -  

ac t ions .  Rubbing, nuzz l ing  and mounting were a l l  conbined i n  p l a y f u l  

i n t e r a c t i o n s  between two companions. Nuzzling developed i n t o  open-mouthed 

caress ing  o f  t h e  horn and b i t i n g  o f  t h e  e a r s  and was f r equen t ly  mutual. 

Apart from these  more a c t i v e  forms of phys i ca l  contac t ,  f i v e  o t h e r  com- 

ponents of  play and peaceful  i n t e r a c t i o n s  were d is t inguished .  

( i )  Slow approach (n = 114) . 
The rhino advanced s lowly towards another ,  o f t en  pausing with head 

s t r e t c h e d  folward, low, n e a r  t he  ground. The slow re laxed  movements were 

i n  con t r a s t  t o  t h e  d i r e c t  approach descr ibed below under a g o n i s t i c  i n t e r -  

ac t ions ,  and almost always preceded peacefu l  i n t e r a c t i o n s .  

( i i )  Head bobbing (n = 23) . 
The rhino bobbed i t s  head r ap id ly  up and down f r o m  t h e  ground t o  

above shoulder  l eve l .  ?here was sometimes a c i r c u l a r  o r  waving component 

t o  t h e  movement. This  ac t ion  was performed e i t h e r  while approaching o r  

s tanding  nea r  another  rhino.  

( i i i )  Spar r ing  (n = 182).  

Spar r ing  developed from nose t o  nose nuzz l ing  and was a  form o f  

p l ay fu l  f i g h t i n g .  Ind iv idua l s  faced each o t h e r  with t h e i r  horns touching 

and de l ivered  mild blows with t h e  horn and s i d e  o f  t h e  head t o  t h e i r  

opponent' S head while  par ry ing  t h e i r  opponent ' S  blows (e.g. Pla t e  34) . 



Ci rcu la r  and bobbing movements o f t h e  head f r equen t ly  developed a s  each 

rhino t r i e d  t o  get  beyond t h e  o t h e r ' s  guard. Horns clashed audibly and, 

during nuzzling, t h e  mouth was o f t en  open and at tempts  a t  b i t i n g  occurred.  

( i v )  Running around (n = 17).  

Rhinos f r equen t ly  i n t e r spe r sed  per iods  of a c t i v e  nuzzl ing,  ca re s s -  

i ng  and spa r r ing  wi th  s p e l l s  o f  running and gambolling around t h e i r  com- 

panions. The two companions normally s tayed  wi th in  a few metres o f  each 

o t h e r  b u t  some ind iv idua l s  (mainly calves)  ran over  100 metres from t h e i r  

companion and back again.  

(v) Playing with s t i c k s  (n = 6 ) .  

Calves picked up s t i c k s  i n  t h e i r  mouths on f o u r  occasions and played 

with them by running around t h e i r  mothers, shaking and f l i n g i n g  t h e i r  

heads l i k e  young puppies. The s t i c k s  were small  i n  diameter and l e s s  than  

1 5  metres i n  length.  On two occasions a d u l t s  a l s o  played with branches 

and s t i c k s ,  pushing and p u l l i n g  them while  l y i n g  i n  wallows. 

(c) Agonist ic  i n t e r a c t i o n s  

Encounters between rh inos  var ied  g r e a t l y  i n  dura t ion  and i n  t h e  e x t e n t  

o f  i n t e r a c t i o n  between indiv idua ls .  Some rh inos  f l e d  immediately on t h e  

approach o f  another  individua1,even i n  t h e  absence o f  any th rea t en ing  

ges tu re s  from t h e  l a t t e r .  Some rh inos  took t o  immediate and panicky f l i g h t  

on hear ing  noises  which could have been made by approaching rh inos .  How- 

ever ,  prolonged and complicated sequences o f  a g o n i s t i c  behaviour took p l ace  

on many occasions and sometimes r e su l t ed  i n  i n j u r i e s .  The more complicated 

sequences of behaviour observed are  descr ibed  i n  Sect ion 5.4 - 2 .  Ten simple 

components o f  a g o n i s t i c  behaviour a r e  descr ibed here .  The I n ' s  r e f e r  t o  

numbers o f  observa t ions  during 384 f u l l y  observed i n t e r a c t i o n s  between i n -  

d iv idua l s  o f  known sex and age c l a s s  (see Sect ion 5.4.2).  



( i )  Sudden t u r n  (n = 62).  

On de t ec t ing  t h e  presence of another  i nd iv idua l ,  t h e  rhino turned  

suddenly t o  f ace  t h e  o t h e r .  I d i s t inguished  between sudden panicky t u r n s  

and the  more normal slow and unhurried t u r n s .  

( i i )  Prolonged s t a r e  ( n = 359). 

Having turned t o  f ace  an i n t r u d e r ,  t h e  rh ino  s tood s t i l1 ,watching  

i t s  movements. The head was h e l d  e i t h e r  low down nea r  t h e  ground o r  h igh  

up with ea r s  e r e c t  and f ac ing  forwards. 

( i i i )  Lip c u r l  (n = 304). 

While f ac ing  another  ind iv idua l  wi th  head h e l d  h igh ,  the  rhino 

snor ted  o r  honked a s  descr ibed  i n  Sect ion 5.3.1.2; during t h e  voca l i za t ion  

t h e  l i p s  were cur led  back and t h e  mouth opened s l i g h t l y ,  displaying t h e  

lower tusks .  The head was s t r e t c h e d  forwards high up l e v e l  with t h e  sp ine ,  

and t h e  l i p s  cur led  up and forwards so  t h a t  t h e  p rehens i l e  t i p  of t h e  

upper l i p  pro jec ted  towards t h e  opponent and v i b r a t e d  with t h e  sno r t .  The 

e a r s  were h e l d  e r e c t  and d i r e c t e d  forwards. This  d i sp l ay  a l s o  occurred 

without t h e  accompanying s n o r t s .  

( iv )  Advancing s t e p s  (n = 241). 

The rh inos  took seve ra l  s t e p s  i n  t h e  d i r e c t i o n  of  i t s  an tagonis t .  

The head was normally lowered,and honks and s n o r t s  o f t e n  accompanied t h e  

approach, which was normally quick and l e d  r i g h t  up t o  t h e  an tagonis t .  

(v) Charge (n = 92).  

The charge d i f fe red  from advancing s t e p s  i n  t h a t  t h e  rh ino  t r o t t e d  

forward s i l e n t l y  and lowered i t s  head a s  it approached t h e  o the r  rh ino  

(as  i n  P l a t e  9 ) .  

(v i )  Horn t o  horn s t a r e  (n = 141).  

The rhino s tood with i t s  head low down nea r  t h e  ground and i t s  horn 



pressed up nea r  t o  o r  aga ins t  t h e  o t h e r ' s  horn. The pos ture  was h e l d  f o r  

sho r t  per iods be fo re  and during more s e r i o u s  a t t a c k s  a s  t h e  two animals 

t r i e d  t o  push each o t h e r  backwards. 

( v i i )  Tusk d i sp l ay  (n = 145).  

The mouth was opened wide and t h e  tu sks  bared (P la t e  35). This d i s -  

p lay  was accompanied by honks and b l e a t s  and was performed e i t h e r  with t h e  

head he ld  high,or,more commonly, with the  head he ld  low down near  t h e  ground. 

I t  was o f t en  coupled with b l e a t i n g  and slow backing away from an approach- 

i ng  rhino. The e a r s  were o f t en  held back during t h i s  d i sp lay .  

( v i i i )  Horn clash and lunge (n = 99) .  

Blows were de l ive red  with the  horn and t h e  tu sks  t o  t h e  head of  t h e  

an tagonis t .  Horns sometimes clashed bu t  more o f t en  no contact  was made, 

and t h e  lunges, which were accompanied by s h o r t  rushes forward and loud 

roa r s ,  genera l ly  stopped sho r t  o f  t h e i r  t a r g e t .  Lunges were o f t en  made 

from s i d e  t o  s i d e  a s  wel l  a s  forwards and t h e  head was always he ld  low 

down. Lunges were mainly aimed a t  t h e  head region b u t ,  i f  the  opponent 

t r i e d  t o  t u r n  round, blows were de l ivered  t o  t h e  neck, f l anks  and rump 

and a chase sometimes developed during which s e r i o u s  i n j u r i e s  were in -  

f l i c t e d  (e.g. P l a t e s  36 and 37).  Prolonged chases took place over 

s eve ra l  ki lometres  with accompanying loud voca l i za t ions .  

( i x )  Submissive ly ing  (n = 8).  

On a few occasions a rhino reac ted  t o  t h e  approach o f  another  by 

ly ing  down and making no e f f o r t  t o  defend i t s e l f .  When wallowing, i n d i -  

v idua l s  submerged t h e i r  bodies  so t h a t  only t h e i r  horns,  eyes and e a r s  

were above water.  They e i t h e r  faced t h e  approaching rhino o r ,  i n  the  

case of some ca lves ,  tu rned  t h e i r  backs and h i d  t h e i r  faces  i n  t h e  bushes 

a t  t h e  s i d e  o f  t h e  wallow. 



(X) Ta i l  cur l ing .  

Although t h i s  behaviour almost c e r t a i n l y  has  no s i g n a l  va lue  it d i d  

seem t o  be an i n d i c a t o r  o f  t ens ion  i n  rh inos .  The t a i l  was cu r l ed  up i n  

a  s p i r a l  on t h e  back o r  he ld  s t r a i g h t  ou t  behind. The t a i l  was always 

cu r l ed  during defeca t ion  and u r ina t ion  b u t  a l s o  f r equen t ly  during chases 

and face  t o  face  a g o n i s t i c  encounters.  

5.4 I n t e r a c t i o n s  between indiv idua l  S 

Peaceful and a g o n i s t i c  i n t e r a c t i o n s  between rh inos  were observed 

most f r equen t ly  i n  o r  nea r  wallows and on open graz ing  areas .  Fig. 5.6 

shows t h e  loca t ions  o f  a l l  observat ions during which such i n t e r a c t i o n s  

occurred. More than 60% of t h e  i n t e r a c t i o n s  took p l ace  a t  wallows, where 

I knew by experience t h a t  t h e  rh inos  congregated, and where I spent most 

time watching. Although peacefu l  i n t e r a c t i o n s  f requent ly  occurred away 

from wallows, a g o n i s t i c  i n t e r a c t i o n s  probably took p lace  predominantly a t  

t h e  p l aces  where I watched. Many of t h e  i n t e r a c t i o n s  were accompanied by 

loud voca l i za t ions ,  and such sounds were f r equen t ly  heard coming from t h e  

d i r e c t i o n s  of  t he  wallows. 

5 .4.1 Peaceful i n t e r a c t i o n s  

5.4.1.1 Physical contac t  

(a) Contexts 

More than h a l f  of t h e  observat ions of  prolonged phys ica l  contac t  

between rh inos  (n = 366) were made while rh inos  were wallowing toge the r  

and touching f l anks .  The remaining observa t ions  were made e i t h e r  while  

rh inos  were r e s t i n g  toge the r  on dry  land o r  dur ing  feeding periods.  

On 20 occasions,  s l i g h t  d i s turbances  such a s  my approach o r  t h e  

approach of  o the r  rh inos  caused ca lves  t o  move i n t o  contact  with t h e i r  
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mothers and remain i n  contac t  f o r  some t ime af terwards (e.g. P l a t e  38) .  

This  behaviour was seen i n  young and o l d  ca lves  a l i k e  and was a l s o  ob- 

served while cows and ca lves  were grazing toge the r .  In t h e  l a t t e r  

ca ses  t h e  c a l f  sometimes ran over  20 metres t o  i t s  mother - on one 

occasion over  100 metres - and stood with i t s  head up on h e r  f lank  o r  

neck. The mother sometimes rec iproca ted  t h e  ges tu re  by p u t t i n g  h e r  head 

on t h e  c a l f ' s  back. When wallowing, a c a l f  sometimes l i f t e d  i t s  head 

onto i t s  mother 's  back without s h i f t i n g  p o s i t i o n  and l e t  it s l i d e  o f f  

again s h o r t l y  a f t e r  t h e  p o t e n t i a l  danger was p a s t .  No such reassurance 

contact  was observed between sub-adul ts  o r  o t h e r  s ex  and age c l a s se s .  

On t h e  r a r e  occasions when calves o r  sub-adul t s  were i n  physical  

contac t  with adu l t  males,they were wallowing,and t h e  c a l f  o r  sub-adult  

put  i t s  head up on the  f lank  o r  rump o f  t he  adu l t  male. Adult males 

o f t en  a t tacked  sub-adul t s  t h a t  made such approaches, and only c e r t a i n  

well  known ind iv idua l s  were allowed t o  remain i n  phys ica l  contac t  f o r  

long per iods  (see Sec t ions  5.6.3, 5.6.4.2 and 6.2.2.2). Sub-adults on 

two occasions approached a d u l t  males which were wallowing, and l i cked  

t h e i r  f lanks .  Apart from one case o f  a sub-adul t  l i c k i n g  an adu l t  f e -  

male, a l l  o t h e r  observa t ions  of  l i ck ing  were between sub-adul ts  o r  

between cows and ca lves ,  although not  n e c e s s a r i l y  t h e i r  own c a l f .  In  

a l l  t h e s e  cases  t he  animal being l i cked  r o l l e d  over  i n  a re laxed  way a s  

i f  i n v i t i n g  i t s  companion t o  l i c k  o t h e r  p a r t s  o f  i t s  body. 

(b) Frequency and s o c i a l  d i s t r i b u t i o n  

Prolonged per iods  of phys ica l  contac t  between rh inos  were observed 

on 366 occasions.  Simple f lank  t o  f lank contac t  was maintained f o r  some 

time on almost a l l  t he se  occasions.  Rest ing o f t h e  head on a companion's 

f l anks  o r  head, mounting, l i c k i n g  and nose t o  nose nuzzl ing were more 

r a r e l y  observed, and t h e r e  were d i f fe rences  between t h e  sex  and age c l a s s e s  

i n  t h e  frequency with which they  displayed t h e s e  behaviour p a t t e r n s .  Table 



5.25 shows t h e  t o t a l  numbers o f  observat ions o f  phys ica l  contac t  with 

o t h e r  rhinos f o r  va r ious  sex and age c l a s s e s  and t h e  percentage o f  t hese  

t o t a l s  during which t h e  f i v e  forms o f  physical  contact  were seen. During 

normal f lank t o  f l ank  contac t  t h e  ind iv idua l  which i n i t i a t e d  contac t  was 

normally t h e  c a l f  i n  cow-calf p a i r s  and t h e  sub-adul t  i n  a l l  combinations 

which included sub-adul ts .  Calves and sub-adul ts  a l s o  displayed t h e  r a r e r  

forms o f  physical  contact  t o  a g rea t e r  ex t en t  than a d u l t s  (Table 5.25) .  

Table 5.25. The frequencies for each sex and age class o'f &ous 
foms o fpmlorged  physical contact between Ainos .  

The t o t a l  l engths  of  time spent by each sex  and age c l a s s  o f  rh inos  

i n  phys ica l  contact  wi th  o t h e r s  is shown i n  Table 5.26, expressed both i n  

hours  and a s  a percentage o f  the t ime spent  by those  sex and age c l a s s e s  

i n  a s soc i a t ions  t o g e t h e r  (see Table 5 .8) .  I watched rh inos  f o r  long pe r iods  

while  t hey  were wallowing, and as they  were more l i k e l y  t o  be i n  phys ica l  

contact  while wallowing than during o t h e r  a c t i v i t i e s ,  t h e  propor t ions  o f  

t ime spent  i n  phys ica l  contac t  should be  regarded only a s  comparisons b e t -  

ween d i f f e r e n t  sex and age c l a s se s  and not  a s  i n d i c a t o r s  o f  t h e  o v e r a l l  

proport ion of  time spent  i n  physical con tac t .  

Cows with ca lves  spent  10.6% of  t h e i r  time i n  physical  contact  with 

t h e i r  ca lves .  They occas iona l ly  l a y  i n  phys ica l  contact  with o t h e r  rhinos,  

but  only f o r  1.7% o f  t he  time t h a t  they  were i n  a s soc i a t ions .  Calves were 

Number o f  observations and percentages of  the tota l  for the 
f i v e  form o f  physical contact: 

F l a n k s  
on flanks He:: b u n t i n g  Licking Sore t o  nose 

23 6 1 
(85%) (22%) (4%) 

249 20 6 5 
(96%) (8%) (2%) (2%) 

165 47 18 3 8 
(92%) (26%) ( 10%) (21%) 

260 146 18 16 14 
(98%) (55%) (7%) (6%) (5%) 

Class 

~b 

A? 

S 

C 

Total number o f  
observations of 

prolonged physical 
contact 

2 7 

259 

179 

265 



Table 5.26. The tzine spent in physical contact by rhinos fiun each 
pair o f  sea: md age ctasses. 

- 

The upper f igure  i n  each c e l l  i s  t h e  number of  hours spent  i n  physical contact 

7 

Ab 

AQwith C 

Single 

S 

C 

Total f o r  
each sex 
and age 
c l a s s  

- 

The lower f igure  i n  each c e l l  is the  number o f  hours i n  physical  contact expressed as a 
percentage o f  the  time spent  by those sex and age c lasses  i n  associat ions with each o ther .  

In ' s  are  the nunbers of  observat ions of prolonged physical  contact .  

Hours i n  physical  contact  

i n  physical  contact  wi th  o t h e r s  on a few more occasions, mostly wi th  

accompanying sub-adul t  females.  The frequency of phys ica l  contact  among 

o t h e r  sex and age c l a s s e s  was h ighes t  i n  sub-adul ts  and lowest i n  adu l t  

males; t h i s  p a r a l l e l s  t h e  time spent i n  a s s o c i a t i o n s  by these  c l a s s e s  

(shown i n  Table 5.8) . The proport ion of time spent  by calves i n  phys ica l  

contac t  with t h e i r  mothers decreased s l i g h t l y  with age (see Sect ion 5.6.2).  

Ad 

0 

0 

1.3 (n = 8) 
(5.0%) 

3.3 (n = 15) 
(8.3%) 

0.7 (n = 4) 
(2.2%) 

5.3 
(6.2%) 

5.4.1.2 Play and peaceful  behaviour 

(a)  Contexts 

Play and peaceful  behaviour between sub-adul t s  and between cows and 

ca lves  normally took p l ace  a f t e r  t h e  ind iv idua l s  had been r e s t i n g  toge the r  

f o r  some time a t  a wallow. Such behaviour between sub-adul ts  and cows o r  

A'? with C 

0 

0.6 (n = 1) 
(0 .g%) 

1.9 (n = 3) 
(0 .g%) 

95.5 (n = 240) 
(10.6%) 

99.3 
(11.1%) 

(1.7% i f  time 
i n  associat ion 
with own c a l f  
is  excluded) 

sub-adul t s  and ca lves  normally followed immediately a f t e r  meeting. A slow 

Single  A? 

0 

2.1 (n = 4) 
(5.5%) 

0.5 (n = 2) 
(0.8%) 

4.5 
(7.9%) 

S 

17.5 (n = 71) 
(9.4%) 

4.3 ' (n = 15) 
(6 .O%) 

46.6 
(12 .S%) 

C 

0.1 (n = 2) 
(0.1%) 

101.2 
(1 1.2%) 

(2.5% i f  time 
in associat ion 
with mother i s  
excluded) 



approach was usual  and one ind iv idua l  o f t en  bobbed i t s  head o r  waved it 

r a p i d l y  from s i d e  t o  s i d e  while  walking o r  graz ing  towards the  o t h e r  

rhino.  Head bobbing seemed t o  ac t  a s  a  ges tu re  o f  peaceful  i n t en t ions :  

i t  was a l s o  seen occas iona l ly  i n  agon i s t i c  i n t e r a c t i o n s  a s  an appeasement 

gesture.  The approached rhino r a r e l y  d isp layed  t h e  same behaviour p a t t e r n  

but  u sua l ly  s t r e t c h e d  i t s  nose forward and nuzzled the  newcomer. Cows 

and sub-adul t s  normally grazed peacefu l ly  bes ide  each o t h e r  a f t e r  such a  

g ree t ing ,  while ca lves  and sub-adul ts  normally extended the  p l ay fu l  be-  

haviour  i n t o  spa r r ing  contes t s .  

(b) Frequency and s o c i a l  d i s t r i b u t i o n  

Play and peaceful  behaviour was observed on 105 occasions.  Spar r ing  

(n = 91) was t h e  most commonly observed form o f  such behaviour and it was 

normally preceded by a  slow approach and nuzzling,with occasional  head 

bobbing. Table 5 . 2 7  shows t h e  numbers of observa t ions  o f  spa r r ing  and 

assoc ia ted  behaviour p a t t e r n s  between d i f f e r e n t  sex and age c l a s s e s  and 

t h e  corresponding frequencies  per  100 hours o f  a s soc i a t ion .  I t  can be 

seen t h a t  spa r r ing  took p lace  predominantly among sub-adul ts  and between 

sub-adul ts  and calves.  Although t h e r e  were 31 spa r r ing  con te s t s  between 

two sub-adul t  males and only four between two sub-adul t  females, t h e r e  was 

no s i g n i f i c a n t  d i f fe rence  between t h e  sexes i n  t h e  numbers of  spa r r ing  

con te s t s  pe r  100 hours  of observat ion toge the r ,  because sub-adult  male 

a s soc i a t ions  were so much more common (Section 5 .2) .  

The remaining observa t ions  of p lay  and peaceful  behaviour involved 

mainly cows and ca lves .  Prolonged per iods  o f  phys ica l  contact  o f t e n  

developed i n t o  p lay  a s  t h e  c a l f  ran around t h e  mother and played wi th  

s t i c k s .  Such behaviour  was more common i n  t h e  younger calves (Section 

5.6.2).  



Table 5.27. The frequency of sparring between rhinos of each sex 
and age class. 

The upper f i gu re  i n  each c e l l  i s  t h e  number o f  
observat ions of spar r ing ,  and t h e  lower f i gu re  i s  
the  r a t e  of spa r r ing  expressed as the  number o f  
observat ions p e r  100 hours o f  assoc ia t ion .  Rates 
f o r  adu l t  females and calves r e f e r  t o  assoc ia t ions  
o t h e r  than between mothers and t h e i r  own calves.  

A$ 

A 9  

S 

C 

Total  f o r  each 
s e x a n d a g e c l a s s  

5.4.2 Agonis t ic  i n t e r a c t i o n s  

A& A? 
- 

S C 

0  - - - 

2 0  3 .4  
- - 

1 2 6  1  
2.5 1.8 32.6 

- 

1 6 15 3 
2.5 0.6 21.1 . 6.6 

4  10 140 2 8  
4.7 3.6 44.2 12.7 

(a) Contexts 

Whenever two o r  more rh inos  approached each o the r ,  e i t h e r  a t  wallows 

o r  on grazing grounds, t h e r e  was usua l ly  a  r e a c t i o n  by a t  l e a s t  one o f  

them. Most i n t e r a c t i o n s  were short ,  and one ind iv idua l  normally f l e d  o r  

moved as ide .  The most prolonged i n t e r a c t i o n s  were between adu l t  males 

and between adu l t  males and a d u l t  females. These o f t e n  developed i n t o  

chases over  long d i s t ances .  The v a r i a t i o n s  i n  t h e  types and outcomes o f  

i n t e r a c t i o n s  between d i f f e r e n t  sex and age c l a s s e s  a r e  descr ibed below. 

@) Frequency and s o c i a l  d i s t r i b u t i o n  

I watched t h e  f u l l  sequence of agon i s t i c  behaviour  following an 

encounter between two o r  more rh inos  o f  known sex  and age c l a s s  on 384 

occasions; p a r t s  o f  such sequences were seen o r  heard on more than 100 

f u r t h e r  occasions,  on many o f  which I could n o t  determine the  c l a s s e s . o f  



the i nd iv idua l s  involved.  The frequencies  of t h e  major components of  

agon i s t i c  behaviour descr ibed i n  Sect ion 5.3.3,  and t h e  sequences i n  which 

they occurred, a r e  shown i n  Fig. 5.7 f o r  t h e  384 f u l l y  observed i n t e r -  

ac t ions ,  I t  can be seen t h a t  64.5% of  t h e  i n t e r a c t i o n s  Were s h o r t ,  and 

lunges and severe a t t a c k s  took place only  r a r e l y -  

The frequencies  with which each component of  a g o n i s t i c  behaviour was 

displayed by d i f f e r e n t  sex and age c l a s s e s  a r e  shown i n  Table 5.28. I t  

can be  seen t h a t  young animals (sub-adults and calves)  f l e d  a t  once more 

o f t en  than  a d u l t s  (X2 = 76.33 p c 0.001).  Adult males chased more o f t en  

than  o t h e r s  did.  I o f t en  saw only t h e  l a t e r  s t ages  o f  t h e  prolonged 

chases,  and these  observa t ions  a re  not  included i n  Table 5.28. I could 

see  c l e a r l y  both the  f l e e i n g  and pursuing rh inos  on 70 occasions, and on 

56 of t hese  occasions t h e  pursuing ind iv idua l  was an adu l t  male. Adult 

females performed more o f  most agon i s t i c  d i sp l ays  than o t h e r  sex  and age 

c l a s s e s  did: t h e i r  i n t e r a c t i o n s  f requent ly  continued f o r  some time as 

horn t o  horn confronta t ions ,  whereas t hose  involv ing  adul t  males and 

younger animals came t o  quicker  conclusions when one o f  t h e  ind iv idua l s  

f l e d  o r  moved a s ide .  

The frequencies  wi th  which a g o n i s t i c  i n t e r a c t i o n s  were observed 

between rhinos of each sex and age c l a s s  a r e  shown i n  Table 5.29. There 

a r e  s t r i k i n g  d i f fe rences  between t h e  d i s t r i b u t i o n s  o f  a g o n i s t i c  and peace- 

f u l  i n t e r a c t i o n s  (see Table 5.27). The high r a t e  o f  a g o n i s t i c  behaviour  

among adu l t  males corresponds t o  t h e i r  s o l i t a r y  h a b i t  (Section 5.2) and 

t h e  absence o f  mutual peaceful  i n t e r a c t i o n s  (Table 5.27).  Only among sub- 

a d u l t s  was t h e  frequency of peaceful i n t e r a c t i o n s  h igher  than t h a t  o f  

a g o n i s t i c  i n t e r a c t i o n s .  Calves and sub-adul ts  were not  aggressive among 

themselves, b u t  sub-adul t s  were involved i n  a g o n i s t i c  i n t e r a c t i o n s  wi th  

a d u l t s  of both sexes.  Adult females showed a  high r a t e  of a g o n i s t i c  i n -  

t e r a c t i o n s  among themselves and with adu l t  males: many of  t h e  l a t t e r  took  





Table 5.28.  The frequencies of iqonist ic  behaviour mmponents 
displayed b y  rhinos of each sex and age class. 

The upper f i g u r e  i n  each c e l l  i s  the  number o f  obse rva t ions .  

Component 

( i )  Sudden tu rn  

( i i )  stare 

( i i i )  Lip c u r l  

(iv) Advancing steps 

(v) Charge 

(v i )  llorn t o  horn s t a r e  

( v i i )  Tusk d i sp lay  

( v i i i )  Horn c lash  + lunge 

( ix )  Submissive l y i n g  

(X) T a i l  c u r l i n g  

(xi )  Immediate f l i g h t  

(xii) chase 

The lower f igure  i s  t h e  frequency o f  each component expressed as a 
percentage o f  t h e  t o t a l  number o f  i n t e r a c t i o n s  recorded f o r  t h a t  c l a s s .  

Ad A 9  S C Tota l  
(n=151) (n=358) (n=185) (n-74) (n-768) 

7 4 3 9 3 6 2 
(4.6%) (12.0%) (4.9%) (4.1%) (8.1%) 

24 2 36 6 7 3 2 359 
(15 .g%) (65 .g%) (36.2%) (43.2%) (46.7%) 

15 212 5 6 2 1 30 4 
(9 .g%) (59.2%) (30.3%) (28.4%) (39.6%) 

6 1 112 49 19 241 
(40.4%) (31.3%) (26.5%) (25.7%) (31.4%) 

11 7 1 2 8 9 2 
(7.3%) (19.8%) ( l .  1 %  (10.8%) ( l  2 -0%) 

2 6 66 4 4 5 141 
(17.2%) (18.4%) (23.8%) (6.8%) (18.4%) 

9 114 21 1 145 
(6.0%) (31.8%) (11.4%) (1.4%) (18.9%) 

17 77 5 0 9 9 
(11 -3%) (21 -5%) (2 -7%) (12 .g%) 

0 2 3 3 8 
(0.6%) (1.6%) (4.1%) (1.0%) 

Not recorded accura te ly  

7 13 44 2 1 85 
(4.6%) (3.6%) (23.8%) (28.4%) (11.1%) 

19 8 2 2 3 1 
(12.6%) (2.2%) ( 1  . l%)  (2.7%) (4.0%) 

p l ace  during cour t  s h i p  (Sect ion 5.5.2) . 

(c) Responses t o  a g o n i s t i c  behaviour 

The sequences of  a g o n i s t i c  behaviour shown i n  Fig. 5.7 give some. 

i d e a  o f  t h e  responses during i n t e r a c t i o n s .  E i the r  one individual  f l e d  

immediately on t h e  approach o f  another,  o r  t h e r e  was some type o f  horn 

t o  horn confronta t ion  which var ied  i n  i n t e n s i t y  bu t  sometimes l e d  t o  both 

ind iv idua l s  lunging a t  each o t h e r  wi th  t u s k s  and horns,  and occas iona l ly  



Table 5.29. The fkequency of agonistic interactions between rhinos 
of each sex and age c b s .  

The upper f i g u r e  i n  each c e l l  i s  t h e  number o f  agon i s t i c  
i n t e r a c t i o n s  observed, and t h e  lower f i gu re  is  the  r a t e  
of a g o n i s t i c  i n t e r a c t i o n s  expressed as  t he  n u b e r  o f  
observa t ions  p e r  100 hours o f  a s soc i a t ion .  Rates f o r  
adu l t  females and calves r e f e r  t o  a s soc i a t ions  o t h e r  than 
between mothers and t h e i r  own ca lves .  

A$ 

A? 

S  

C 

Tota l  f o r  each 
sex  and age c l a s s  

t o  severe i n j u r i e s .  Fig. 5 .8  summarizes t h e  r e s u l t s  o f  i n t e r a c t i o n s  b e t -  

ween rhinos o f  each sex  and age c l a s s  i n  a  s i m p l i f i e d  manner a s  

( i )  n e u t r a l  

( i i )  f l e d  o r  moved as ide  ( l o s t )  

( i i i )  opponent f l e d  o r  moved a s ide  (won). 

The propor t ions  o f  i n t e r a c t i o n s  i n i t i a t e d  by rhinos o f  each c l a s s  a r e  a l s o  

shown. 

Fig. 5.8 shows t h a t  a d u l t  males won t h e  h ighes t  proport ion o f  t h e i r  

i n t e r a c t i o n s ,  followed by adu l t  females, ca lves  and sub-adul ts  i n  t h a t  

> 

A# A? S C 

2 0  - - - 
307.7 

67 97 - - 
115.5 125.2 

- 4 1 8  8 33 
102 .5 80.7 17.6 

12 36 15 . 8  
37.5 23.2 2 1 . 1  8.8 

160 3  85 2  10 79 
186.0 139.0 66.2 35.9 

o rde r .  Every c l a s s  won i n t e r a c t i o n s  with sub-adul t s  more than with any 

o t h e r  c l a s s .  F ig .  5.9 shows t h e  r e s u l t s  o f  i n t e r a c t i o n s  f o r  rhinos o f  

each c l a s s ,  according t o  whether they  i n i t i a t e d  t h e  i n t e r a c t i o n s .  The 

i n i t i a t o r  won on s i g n i f i c a n t l y  more occasions than  t h e  opponent d id .  Sub- 

a d u l t s  i n i t i a t e d  s i g n i f i c a n t l y  fewer i n t e r a c t i o n s  than  adu l t s  o r  ca lves  



A d  A9 S C 

Opponent 

Wins: Losses + Neutral Overall  X2 = 80.03 p < 0.001 
Percentage o f  wins h ighes t  i n  Ao > A? > C S p c 0 .OS 

Fig. 5.8. A s m a r y  of the results and in i t ia tors  o f  won i s t i c  
interactions between rhinos of each sex and age class. 



(a) fi) 
n=97 63 

Ad' 

KEY 

Initiator: 

(a) dass in 
question 

(b) opponent 

neutral 

lost 

won 

Proport ions o f  i n t e r a c t i o n s  i n i t i a t e d :  Overa l l  X2 = 50 .OO p < 0.001 
Percentage of  i n t e r a c t i o n s  i n i t i a t e d  by Ao = A? = C > S p < 0.001 

I n i t i a t o r  won on 56.4% o f  occasions ) 
x2 = 182.4 

Opponent won on 13.6% o f  occasions ) 
p < 0.001. 

F i g .  5.9. The reZationships betueen i n i t i a t i o n  and the resul ts  of 
agonistic i n t e ~ a c t i o n s  iawlv inq  each sex and q e  ctass. 

d i d  (Fig.  5 .  g ) ,  b u t  even sub-adul t s  won 19% o f  t h e  i n t e r a c t i o n s  which they  

i n i t i a t e d .  On t h e  o t h e r  hand, sub-adul ts  won only  3% o f  147 i n t e r a c t i o n s  

which t h e i r  opponents i n i t i a t e d  whereas adu l t  males won 21% of t he  6 3  

i n t e r a c t i o n s  which t h e i r  opponents i n i t i a t e d  and almost a l l  t h e  i n t e r a c t i o n s  

which they  i n i t i a t e d  themselves. These r e s u l t s  a r e  discussed i n  Sect ion 5.6.  

5.5 Reproductive behaviour  

5.5.1 Oestrus 

External  s i g n s  o f  o e s t r u s  were d i f f i c u l t  t o  s ee ,  so information on 



reproduction is l imi t ed  t o  t h a t  obtained from recording b i r t h s  (Sect ion 

3 . 7 )  and from behavioural  observat ions.  It was shown i n  Sect ion 5.2.1 

t h a t  adu l t  males were usua l ly  s o l i t a r y  and, when found i n  aggregat ions,  

were most f requent ly  with adu l t  females. Most o f  t hese  aggregations and 

most of t h e  b r i e f  a g o n i s t i c  i n t e r a c t i o n s  observed (described i n  Sec t ion  

5.4.2) were the  r e s u l t  o f  rh inos  converging independently on wallows and 

favoured grazing grounds. During s h o r t  observa t ions  it was d i f f i c u l t  t o  

determine whether a s soc i a t ions  between a d u l t  males and females were be ing  

a c t i v e l y  maintained o r  no t .  However, a  s e r i e s  o f  sho r t  observa t ions  o f  

t h e  same p a i r  o f  rhinos i n  d i f f e r e n t  p laces  on a  s i n g l e  day ind ica t ed  

t h a t  t h e  rh inos  were moving around toge ther .  During longer observa t ions  

it w a s  o f t e n  c l e a r  t h a t  one ind iv idua l  was fol lowing another .  

Oestrus was confirmed by observed copulat ion o r  t h e  female 's  accept-  

ance of t he  male's advances (Section 5.5.2.1) on only  s i x  occasions; a l l  

during a c t i v e l y  maintained a s soc i a t ions  between a d u l t  males and females, 

which were known t o  have l a s t e d  i n t e r m i t t e n t l y  f o r  t h r e e  days o r  more. 

The behaviour p a t t e r n s  observed before copulat ion (Section 5 .S .2.2) were 

a l s o  seen on o t h e r  occasions; a l l  during a c t i v e l y  maintained a s soc i a t ions .  

Therefore,  an a c t i v e l y  maintained a s soc i a t ion  between an adu l t  male and 

a  female w a s  taken as an ind ica t ion  t h a t  t h e  female was e i t h e r  en t e r ing ,  

i n ,  o r  leaving o e s t r u s .  

I had d i f f i c u l t y  i n  determining t h e  dura t ion  of oestrous per iods  and 

t h e  frequency with which they  occurred. There were considerable problems 

(descr ibed i n  Sec t ion  2 . 3 )  i n  loca t ing  ind iv idua l  rh inos  a t  w i l1 ,o r  i n  

following them f o r  long per iods .  Thus, on most occasions when I saw a 

p a i r  o f  rhinos a c t i v e l y  a s soc i a t ing  on a  c e r t a i n  day,nei ther  of them were 

loca t ed  on the following day, so I d id  not  know whether they  were s t i l l  

toge the r  o r  no t .  Furthermore, even i f  I r e loca t ed  one o r  both o f  a  p a i r  

o f  rh inos ,  I could no t  be su re  t h a t  t h e i r  assoc ia t io l l  had terminated.  I t  



was q u i t e  poss ib l e  f o r  two ind iv idua l s  t o  be separa ted  temporari ly  and f o r  

one t o  r e j o i n  t h e  o t h e r  very quickly by following i t s  t r a c k s  (as descr ibed  

i n  Sect ion 5.3.2).  

The i n t e r v a l s  between successive s i g h t i n g s  of i nd iv idua l  'females i n  

a c t i v e l y  maintained a s s o c i a t i o n s  with a d u l t  males a r e  p l o t t e d  i n  Fig.  5.10. 

The i n t e r v a l s  show a bimodal d i s t r i b u t i o n  with peaks a t  1-2 days and 28-32 

days. Th i s  i s  not  caused by an uneven d i s t r i b u t i o n  of  s igh t ings ,  as a l l  

n ine  females which cont r ibu ted  t o  t h e  d a t a  were seen f requent ly  during t h e  

i n t e r v a l s  between t h e i r  a s soc i a t ions  wi th  a d u l t  males. The mid-point b e t -  

ween t h e  two peaks i n  Fig. 5.10 is ,  at 15-16 days; t he re fo re ,  f o r  t h e  pur-  

poses of t h i s  ana lys i s ,  i f  the  i n t e r v a l  between two observat ions o f  a  

female i n  a c t i v e l y  maintained a s soc i a t ion  wi th  an a d u l t  male w a s  l e s s  than  

15 days, both observa t ions  were regarded a s  w i th in  t h e  same oes t rous  per iod .  

If t h e  i n t e r v a l  was 15 days o r  more, I regarded t h e  two observat ions a s  i n  

d i f f e r e n t  oes t rous  per iods .  
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Length of interval between observations of oestrous behaviour in individual females (days) 

F i g .  5.10. The lengths of intervals betueen successive observatims 
of oestrus in individual females. 



(a) Lengths o f  oes t rous  per iods  

I was not  a b l e  t o  fol low indiv idua ls  f o r  long periods o r  t o  f i n d  them 

a t  w i l l ,  s o  I was unable t o  determine t h e  lengths  of  oes t rous  pe r iods .  

Fig. 5.11 shows the  spans o f  my observat ions of known females a c t i v e l y  

a s soc i a t ing  with males wi th in  one oes t rous  per iod .  Twenty o f  the  29 occur-  

rences o f  oes t rus  were observed on only  one day, and on some occasions t h e  

females were seen away from males on t h e  next  day. I-lowever, o t h e r  females 

were l a t e r  seen with males again, and during t h e  longer  spans t h e  females 

were seen away from a d u l t  males on almost as many occasions as they  were 

seen with them. For i n s t ance ,  during one 10 day per iod  I saw a c e r t a i n  

a d u l t  male and female toge the r  on f o u r  days and apa r t  on t h r e e  days, and 

on t h e  remaining t h r e e  days I saw n e i t h e r  o f  them. Thus, although most 

of t he  occurrences o f  o e s t r u s  which I observed were no t  shown t o  l a s t  more 

than one day, I suspect  t h a t  t he re  were more i n t e r m i t t e n t  a s soc i a t ions  

with a d u l t  males which spanned two days o r  more. 

(b) Frequency o f  o e s t r u s  

Most a s s o c i a t i o n s  between adul t  males and females and hence most 

oes t rous  per iods  were probably not de tec ted ,  because of  the  d i f f i c u l t i e s  

o f  l o c a t i n g  and following indiv idua ls .  Only 43 occurrences o f  o e s t r u s  

were recorded during t h e  s tudy period.  

Recurrences of  o e s t r u s  were most f r equen t ly  a t  i n t e r v a l s  o f  27-32 

days (Fig. 5.10) . These a r e  t he  i n t e r v a l s  between the  beginnings o r  

f i r s t  de t ec t ions  o f  a c t i v e l y  maintained a s soc i a t ions .  Further  evidence 

on t h e  frequency o f  o e s t r u s  comes from one female which was seen copul- 

a t i n g  and then ,  42 days l a t e r ,  was seen accept ing a  male's advances, and 

seemed about t o  copulate  again.  

Fig. 5.12 shows t h e  frequencies o f  o e s t r u s  observed i n  each month 

o f  t h e  s tudy period.  Fig. 5.13 compensates f o r  d i f fe rences  i n  searching  
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F i g .  5.11. E'requency d i s t r ibu t im  of the duration of oestmus periods. 
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F i g .  5.12. The nunbers o f  observations of oestrus in each month. 
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Fig. 5.1 3. SeasonaZity of oes t rus .  

e f f o r t  by expressing t h e  frequencies  o f  o e s t r u s  a s  a percentage of  t h e  

numbers of s i g h t i n g s  o f  rh inos  i n  each calendar  month. The d i s t r i b u t i o n  

of recorded oes t rus  i s  not  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  

o f  a l l  s i gh t ings  o f  rh inos  over  t h e  1 2  months (Kolmogorov-Smirnov t e s t  

p > 0.20).  No s i g n i f i c a n t  peaks i n  b i r t h  r a t e  were found e i t h e r  (Sect ion 

3.7.2) .  Oestrus was s l i g h t l y  more frequent between January and June than  

between J u l y  and December, and b i r t h s  (Sect ion 3.7.2) were s l i g h t l y  more 

frequent  i n  J u l y  and August and between November and February. The 

ges t a t ion  period o f  t h e  Indian rhino i s  about 16 months (Lang e t  al . ,  

1977; s ee  Table 6 .1) .  Thus the re  is no convincing c o r r e l a t i o n  between 

t h e  s l i g h t  seasonal  peaks i n  o e s t r u s  and b i r t h s ,  although t h e  monsoon 

peak i n  b i r t h s  corresponds t o  t h e  spr ing  peak i n  oes t rus .  However, t h i s  

is not  su rp r i s ing  a s  (a) a high proport ion o f  observed oes t rous  per iods  

d id  not  r e s u l t  i n  conception (see below) and (b) we a r e  looking a t  a s e t  

o f  o e s t r u s  records and a s e t  o f  b i r t h  records t h a t  a r e  a year  out  o f  s t e p .  



In conclusion, t h e  evidence sugges ts  t h a t  o e s t r u s  recurs  a t  i n t e r v a l s  

o f  27-42 days throughout t h e  yea r  bu t  wi th  a s l i g h t l y  h ighe r  frequency 

between January and June. 

(c) Timing of o e s t r u s  i n  r e l a t i o n  t o  t h e  age of t he  accompanying c a l f  

The e a r l i e s t  recorded post-partum o e s t r u s  w a s  deduced from a subse- 

quent b i r t h  t o  have been j u s t  over  one month a f t e r  t h e  b i r t h  and almost 

immediate death o f  t h e  previous  c a l f  (Sect ion 3.7.1) . Apart from t h a t  

case,  no o e s t r u s  was recorded i n  females wi th  ca lves  o f  l e s s  than 10 

months o l d .  Fig. 5.14 shows t h e  frequency of recorded oes t rus  i n  females,  

according t o  t h e  ages of t h e i r  calves.  I t  can b e  seen t h a t  t he  median age 

o f  t he  calves of  oes t rous  females was 22 months. 

1-6 7-12 13-18 19-24 25-30 31-36 37-42 
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F i g .  5 . 1 4 .  The Pequency of oe s tm-  in  fmales ,  according ta the 
q e s  of the i r  calves.  



5.5.2 Behaviour of adu l t  males and females during oes t rus  

5.5.2.1 Pre-mating behaviour 

On the  t h r e e  occasions t h a t  mating was observed i t  was preceded by 

severa l  d i s t i n c t  behaviour pa t t e rns .  Four main types were d is t inguished: -  

(a) Accompanying 

(b) F ights  and chases 

(c) Peaceful approaches and phys i ca l  contac t  

(d) Mounting 

These components of behaviour,  a l s o  observed on o the r  occasions,  a r e  des-  

c r ibed  below. 

(a) Accompanying (n = 28) 

One animal, normally t h e  male, p e r s i s t e n t l y  accompanied an animal of  

the  oppos i te  sex. Adult males of ten  followed the  t r a c k s  of adul t  females,  

s n i f f i n g  the  ground i n t e n t l y  from time t o  time and performing flehmen 

(Sect ion 5.3.2.3).  Having located a female, t he  male accompanied h e r  

i n t e r m i t t e n t l y  f o r  per iods  of  up t o  s eve ra l  days, occas iona l ly  making 

at tempts  t o  approach h e r  more c lose ly .  The female of ten  r epe l l ed  advances 

of  males by simply tu rn ing  and snor t ing  (see Sect ion 5.3.1) although more 

se r ious  f i g h t s  sometimes developed (see below). 

On most occasions t h e  female was accompanied by a c a l f ,  and a l l  t h r e e  

ind iv idua l s  grazed, r e s t ed  and wallowed n e a r  each o the r .  I f  they  became 

separated,  the  male r e loca t ed  the  female by fol lowing her  t r acks .  On a 

few occasions an a d u l t  female was seen p e r s i s t e n t l y  following an a d u l t  

male,and on these  occasions t h e  male showed l i t t l e  i n t e r e s t  i n  t h e  female. 

(b) F ights  and chases (n = 37) 

I  d i s t inguished  between br ie f  agon i s t i c  encounters and prolonged 

f i g h t s  and chases i n  Sect ion 5.4.2. blost o f  a d u l t  males' approaches t o  

females were r epe l l ed  by t h e  females simply tu rn ing  and snor t ing .  However, 

on some occasions t h e  male continued t o  advance head down u n t i l  t he  male 



and female were f ac ing  each o t h e r  horn aga ins t  horn. Both rh inos  t r i e d  t o  

push each o the r  back, o f t en  roa r ing  loudly between lunges, horn- c lashes  

and tusk-d isp lays .  During l u l l s  i n  such f i g h t s , b o t h  rh inos  sometimes 

backed away and t h e  male o f t e n  flehmened a f t e r  smell ing the  ground nearby. 

The male normally r e s t a r t e d  t h e  f i g h t  by charging a t  t h e  female 's  head o r  

neck. The female l a y  down submissively on some occasions and then t h e  

male made no a t t ack  but  e i t h e r  s tood over  h e r  o r  l ay  down neaxby, sometimes 

opening and shu t t i ng  h i s  mouth a s  i f  b i t i n g  t h e  a i r . .  An adu l t  male pu t  h i s  

head under an adu l t  female 's  neck on one occasion,  and then l i f t e d  h e r  

f r o n t  l egs  o f f  t h e  ground and turned h e r  r i g h t  over  on h e r  back: she l ay  

apparent ly  winded f o r  about a minute while  t h e  male s tood  over  h e r  and 

then  walked away. 

On such occasions t h e  male a t tacked  t h e  female only i f  she moved again. 

If t h e  female ran,  t h e  male chased her ;  sometimes over s eve ra l  ki lometres .  

Both sexes squeak-panted b u t  t h e  male d id  s o  more frequently,  while t h e  fe -  

male e i t h e r  honked o r  b l e a t e d  (see Sec t ion  5.3.1.2).  The t a i l s  o f  both 

male and female were usua l ly  h e l d  cur led  up o r  h o r i z o n t a l l y  extended be- 

hind. Both sexes u r ina t ed  f requent ly  during chases and f i g h t s ,  and t h e  

smell  o f  u r ine  was very s t rong  nearby. Severe wounds were o f t e n  i n f l i c t e d ,  

e s p e c i a l l y  i f  t he  female turned  t o  run from a horn t o  horn pos i t i on  and 

rece ived  blows from t h e  male on h e r  f l anks  and rump. 

A c a l f  accompanying t h e  female was normally l e f t  behind during pro- 

longed chases,  and sometimes was not  r eun i t ed  with i t s  mother f o r  up t o  

two days (see Sect ion 5.6.2). The male u sua l ly  gave up chasing eventually,  

and e i t h e r  followed t h e  female by scent  o r  wandered o f f  i n  another  d i r e c t -  

ion .  In e i t h e r  case the  male normally continued t o  squeak-pant f o r  s eve ra l  

minutes a f t e r  t h e  chase and,on one occasion,a male put  h i s  head down, 

charged and h i t  a small  t r e e  with h i s  horn. 



(c) Peaceful approaches and physical  contac t  (n = 10) 

I f  a male and female were s t i l l  toge the r  a f t e r  a chase, t h e  male o f t e n  

approached t h e  female from behind and put  h i s  head up on her  rump. The 

male continued t o  t r y  t o  keep h i s  chin r e s t i n g  on t h e  female 's  rump, whether 

she s tood s t i l l  o r  walked. The male of ten  s q u i r t e d  u r ine  as he walked, and 

h i s  penis  was o f t en  p a r t l y  enlarged,  with t h e  r ed  glans showing. ?he penis  

a l s o  became enlarged sometimes when males were grazing alone or  near  a 

female (see Sect ion 6.3.5). Placing o f  t he  ch in  on t h e  rump of t he  female 

was a prel iminary t o  mounting,but t he  pos ture  was of ten  he ld  f o r  per iods  

of s eve ra l  minutes with no attempt made a t  mounting. 

The female a l s o  squ i r t ed  ur ine  i n  l i t t l e  j e t s  and on some occasions 

advanced on the  male, squeak-panting s o f t l y  and u r i n a t i n g  more f r equen t ly  

than him. She sometimes followed the  male p e r s i s t e n t l y  even i f  he t r o t t e d  

away, and on two occasions I saw a female put  he r  head between t h e  male ' s  

hind-legs and s n i f f  a t  h i s  penis.  

(d) Mounting (n = 5)  

Males' a t tempts  a t  mounting females were very clumsy, and successfu l  

mounting took a long time. After  prolonged per iods  of following a female 

and r e s t i n g  h i s  chin on h e r  rump, a male made i n t e n t i o n  movements wi th  h i s  

f o r e f e e t  a s  i f  t o  lift them up onto h e r  back. Launching himself  forward 

with h i s  hind-legs he o f t en  managed t o  r a i s e  himself  so  t h a t  h i s  neck 

r e s t e d  on the  female 's  rump,  only t o  s l i d e  o f f  again.  I made only one 

observation of  t h e  whole sequence of  a succes s fu l  mounting; it proceeded 

i n  s t ages  with t h e  male working h i s  way f o m a r d  with h i s  fo re fee t  r e s t -  

i ng  on t h e  female 's  back u n t i l  they were i n  f r o n t  of  h e r  f ron t  c ross  f o l d s  

and h i s  chin was above h e r  neck fo ld .  In t h i s  case no intrornission took 

p lace  and the male s l i d  o f f  again a s  t h e  female walked forward. ?his  was 

t h e  main cause of  f a i l u r e  i n  most a t tempts  a t  mounting, a s  it is  very 



d i f f i c u l t  f o r  t h e  male t o  r a i s e  himself forward on t h e  female 's  back 

and i n t r o m i t , a t  t he  same time a s  keeping s t e p  wi th  t h e  female by moving 

the  hind- legs.  

5.5.2.2 Mating behaviour (n = 3) 

Copulating p a i r s  o f  rh inos  were seen on t h r e e  occasions,on a l l  o f  

which t h e  male had a l ready  mounted and i n t r o m i t t e d  (P la te  39). The 

male' S f o r e f e e t  occas iona l ly  s l ipped  down t h e  . female1 S flanks, bu t  each 

t ime he replaced them on h e r  back. The female mainly s tood s t i l l ,  look- 

i n g  around and moving h e r  f e e t  occasional ly.  Whenever she walked forward 

the  male had t o  s u f f l e  a long making small  quick s t e p s  wi th  t h e  hind-legs.  

A t  r egu la r  i n t e r v a l s  t h e  male jerked h i s  h ind-quar te rs ,  wagged h i s  t a i l  

once, then l i f t e d  h i s  t a i l  t o  a ho r i zon ta l  p o s i t i o n  where it quivered 

f o r  a moment e r e c t  and t a u t  wi th  the  whole h ind-quar te rs  a l s o  sh ive r ing  

momentarily. H i s  head rose  a t  t h i s  p o i n t  and he s t rugg led  t o  t h r u s t  h i s  

hind-quarters  and keep h i s  f e e t  up on t h e  female ' s  back. 

Between these  spasms t h e r e  was no ac t ion  on t h e  p a r t  o f  t h e  male 

a p a r t  from occasional  shu f f l i ng ,  grunt ing  and f l app ing  of  t h e  e a r s .  The 

i n t e r v a l  between t h e  spasms va r i ed  from 45 seconds t o  two minutes 50 

seconds (n = 57) wi th  a mean o f  65 seconds. Towards t h e  end of t h e  copul- 

a t i o n ,  t h e  female ' S movements increased i n  frequency and she o f t en  opened 

and shut  h e r  mouth, gasping l i k e  a f i s h ,  be fo re  moving forward. The male 

s t rugg led  inc reas ing ly  t o  s t a y  mounted and he eventua l ly  s l i d  o f f  on h i s  

b e l l y .  I watched copulat ions f o r  30, 48 and 60 minutes b u t  never saw 

t h e  s t a r t ;  so  they  l a s t e d  longer  than t h i s .  

5.3.2.3 Post-mating behaviour (n = 3) 

A f t e r  t h e  male had dismounted, t h e  female e i t h e r  walked away f a s t  

and disappeared from view, o r  grazed about 40-50 metres away. On two 



occasions t h e  male s tood  s t i l l ,  grazed f o r  a few minutes and then lay  down. 

On one occasion he performed f Z h m  and r e t r a c e d  h i s  and t h e  female ' s  

t r a c k s ,  bobbing h i s  head up and down a s  h e  went. Although t h e  p a i r  a l -  

ways separa ted  immediately a f t e r  copulat ion they  were seen toge the r  again 

within two days a f t e r  two o f  the  observed copulat ions.  No f u r t h e r  copul- 

a t i o n s  o r  a t tempts  a t  mounting were observed during these  periods.  I t  i s  

poss ib l e  t h a t  t h i s  behaviour i s  adapt ive a s  it ensures  t h a t  no o t h e r  male 

mates wi th  t h e  female. 

5 .S. 3 Oestrous behaviour i n  pregnant females 

Three females which displayed oes t rous  behaviour  were known from 

subsequent p a r t u r i t i o n s  t o  have been pregnant a t  t h e  time of  t h e i r  assoc- 

i a t i o n s  wi th  an adu l t  male. One 1 2  months pregnant female was accompanied 

a l s o  by h e r  t h ree  yea r  o l d  female ca l f ,  and it i s  poss ib l e  t h a t  t h e  male 

was a t t r a c t e d  by t h e  c a l f ' s  oes t rus .  He accompanied t h e  p a i r  f o r  t h r e e  

hours ,  g raz ing  nea r  them and on one occasion having a horn t o  horn 

encounter wi th  t h e  female while  t he  c a l f  s tood  behind h e r  mother. 

On two o t h e r  occasions t h e  females were without calves and they  were 

c. 12 and c. 15 months pregnant.  No aggressive i n t e r a c t i o n s  took p lace  b e t -  

ween the males and females during t h e  observa t ions  which l a s t e d  e i g h t  hours  

and two and a h a l f  hours respec t ive ly .  The two p a i r s  moved toge ther ,  

grazed and l a y  dcwn toge the r  and i n  both cases  t h e  female put h e r  head on 

t h e  male 's  f lank ,  i n  one case l i ck ing  i t  f o r  over 10 minutes (discussed 

i n  Sect ion 6 . 3  .S ) .  

5 .5 .4  Maternal behaviour 

5.5.4.1 P a r t u r i t i o n  

?he behaviour o f  females changed considerably s h o r t l y  before p a r t u r -  

i t i o n :  they  become more aggressive i n  encounters with man o r  o t h e r  rh inos ,  



and were found l e s s  of ten  i n  t he  company o f  o t h e r  rh inos .  

I saw pregnant females with very swollen udders on seve ra l  occasions,  

b u t  t h e r e  was always an i n t e r v a l  of s e v e r a l  days, during which I d id  no t  

see them, before  t hey  reappeared with t h e i r  new-born calves.  Although I 

d id  no t  observe any b i r t h s ,  I saw four  ca lves  which were between two and 

seven days o ld .  In a l l  cases ,  t h e  new-born ca lves  were nea r  t h i c k  grass -  

land o r  f o r e s t ,  and I suspec t  t h a t  females tended t o  choose a reas  o f  t h i c k  

vegeta t ion  i n  which t o  give b i r t h .  However, females around t h e  edge o f  

t h e  park must have given b i r t h  i n  t he  open o r  under sparse  cover,in p l aces  

considerably d is turbed  by v i l l a g e r s  and domestic s tock.  Two v i l l a g e r s  

t o l d  me t h a t  they  had watched b i r t h s  during t h e  afternoon a t  t h e  edge o f  

open s tock-grazing a reas  ou t s ide  t h e  park. 

5.5.4.2 'Ihe behaviour o f  females wi th  young calves ' 

Females wi th  new-born calves very r a r e l y  formed aggregat ions with 

o t h e r  rhinos: they were p a r t i c u l a r l y  wary and a t t acked  o t h e r  rhinos i f  they  

were approached. However, t h i s  behaviour d i d  not  p e r s i s t  f o r  long: t h e r e  

were no 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  between females with calves o f  

d i f f e r en t  year  c l a s s e s  i n  t h e  tendencies  t o  form aggregat ions o r  t o  a t t a c k  

o t h e r  rh inos .  There was a d i f fe rence ,  however, i n  t h e i r  behaviour towards 

t h e  observer .  

Fig. 5.15 shows t h e  frequency with which mothers with calves o f  

d i f f e r e n t  ages (a)  de t ec t ed  t h e  observer,  and (b) charged t h e  observer  

a f t e r  de t ec t ing  him. Mothers with f i r s t  y e a r  calves were more l i k e l y  t o  

de t ec t  t h e  observer  (X2 = 8.41 p < 0.01) and t o  charge towards him 

(X2 = 5.74 p 0.02).  However, the  h ighe r  r a t e  of  de tec t ion  of t he  

observer  by mothers with first year  ca lves  i s  p a r t l y  due t o  t he  calves 

be ing  more curious and i n q u i s i t i v e  a t  an e a r l y  age (Section 5.6.1) and 

t h u s  o f t en  being aware of t h e  danger be fo re  t h e i r  mothers were. I f  a 



X of occasions that 
observer was detected 

A9+Ic  A9+Uc A?+EC A9+Ec 
n =  388 479 51 7 165 

observations 

F i g .  5.15. The r e k t i v e  fi.equen&s wi th  which females wi th  caZves 
o f  d i f f e ren t  ages detected mrd charged the observer. 

young ca l f  became scared,  it turned and ran back t o  i t s  mother who e i t h e r  

tu rned  t o  face  t h e  p o t e n t i a l  danger o r  ran o f f  behind h e r  c a l f .  Only 

r a r e l y  d id  a female lead  t h e  r e t r e a t .  This behaviour i s  discussed in 

Sect ion 6 . 3 . 3  with re ference  t o  t he  o t h e r  spec ies  of  rhinoceros.  The r e -  

ac t ions  o f  mothers o f  f irst  year  calves towards t h e  observer probably re -  

f l e c t s  the  h ighe r  r i s k  of  predat ion on f i r s t  yea r  calves.  

Up t o  the  age o f  s i x  months, calves were l e f t  alone by t h e i r  mothers 

f o r  per iods of  up t o  90 minutes and poss ib ly  f o r  longer .  On a t o t a l  of 

10 occasions, I saw f i v e  females with calves aged s i x ,  four ,  four ,  t h r e e  

and two months r e spec t ive ly ,  feeding alone up t o  800 metres from t h e i r  

ca lves .  Older ca lves  were o f t e n  separa ted  from t h e i r  mothers during 

chases by adu l t  males b u t  were never l e f t  i n t e n t i o n a l l y  by t h e i r  mothers. 



I n t e n t i o n a l  leav ing  o f  calves was r e s t r i c t e d  t o  females wi th  calves aged 

l e s s  than s i x  months: one female which l e f t  h e r  c a l f  a t  l e a s t  f i v e  

t imes before  it was t h r e e  months o ld  was never  seen away from h e r  c a l f  

when it was o l d e r  than  t h r e e  months. 'Hiding' o f  t h e  c a l f  i s  d iscussed  

i n  r e l a t i o n  t o  o t h e r  ungulates  and t o  t h e  r i s k  of  predat ion i n  Sec t ion  

6.3.3. 

5.5.4.3 Suckl ing 

Suckling was observed on 56 occasions. Th i r ty -e igh t  observat ions 

were of  f i r s t  year  ca lves ,  17 o f  second yea r  ca lves  and one of a t h i r d  

year  c a l f .  These correspond t o  r a t e s  of suckl ing  o f  once every 5.5 

hours f o r  f i r s t  year  ca lves  and once every 13.4 hours f o r  second yea r  

calves.  However, during a s i n g l e  observat ion per iod  of  t h ree  and a h a l f  

hours an 11 month o ld  c a l f  w a s  suckled fou r  t imes f o r  a t o t a l  o f  11 

minutes. Ihe  o v e r a l l  observed r a t e s  of suckl ing  a r e  probably lower than  

t h e  a c t u a l  r a t e s ,  because a high number o f  observat ions a r e  included 

during which t h e  rhinos were d is turbed  and remained wary o f  t he  observer .  

However, t hey  do show t h a t  second year  calves a r e  suckled about one t h i r d  

as f requent ly  a s  f irst  yea r  calves.  Five d i f f e r e n t  calves were suckled 

over the  age o f  18 months; one up t o  26 months. 

The method of  suckl ing  varied:  t h e  c a l f  was e i t h e r  suckled s tanding  

t o  one s i d e  o f  t h e  female and facing h e r  r e a r  a t  an angle o f  45' t o  t h e  

l i n e  o f  h e r  body (n = 39),  o r  from t h e  r e a r  wi th  i t s  head between t h e  

female ' s  hind-legs (n = 17) .  m e r e  was s t r o n g  ind iv idua l  preference f o r  

one o r  o t h e r  of  t hese  two methods. Of t he  two cow-calf p a i r s  seen suck- 

l i n g  on more than n ine  occasions,  one suckled exc lus ive ly  from t h e  r e a r  

(n = 9) and the  o t h e r  exc lus ive ly  from e i t h e r  s i d e  equa l ly  (n = 10) .  

Both s e t s  of observat ions spanned more than one year .  Only two out of  

e i g h t  cow-calf p a i r s  seen suckl ing  more than once displayed both methods. 



Females always s tood  while  suckl ing  except  t h a t  once a  female lay on h e r  

s i d e  and h e r  ca l f  s tood bes ide  he r .  

Before suckl ing,  ca lves  o f t en  nuzzled t h e  female (n = 15),  mounted 

h e r  f l anks  (n = S), ran around h e r  i n  p lay  (n = 4 ) ,  b u t t e d  h e r  t e a t s  

(n = 2 ) ,  o r  l i cked  h e r  f l anks  (n = 2) .  Females only nuzzled ca lves  on 

two occasions be fo re  suckl ing.  Play and phys i ca l  contact  maintained by 

the  c a l f  were s t r o n g l y  a s soc i a t ed  with subsequent suckl ing  (see Table 

5.30) . Sixteen observa t ions  o f  suckl ing d i r e c t l y  fol1owe.d distuxbance 

by e i t h e r  humans (n = 7) o r  o t h e r  animals o r  rh inos  (n = 9) .  Whether t h e  

rh inos  were wallowing o r  graz ing  before  t h e  d is turbance ,  t h e  c a l f  seemed 

t o  t ake  advantage of  t h e  mother 's change i n  a c t i v i t y ,  and s t a r t e d  t o  f eed  

whi le  she s tood looking i n  t he  d i r ec t ion  o f  p o t e n t i a l  danger. On only 

t h r e e  of t hese  occasions was the  c a l f  seen i n  phys ica l  contact  wi th  t h e  

mother o r  p lay ing  around h e r  before  t h e  dis turbance.  On a  f u r t h e r  n ine  

occasions,  t he  c a l f  approached t h e  female, moo- grunt ing,  and s t a r t e d  t o  

feed  immediately. 

Table 5 .  30. The relationship between play and subsequent suckling 
dw*ing observations of f i r s t  and second year calves.  

Fishe r  exact  p robab i l i t y  t e s t  p < 0.001 

The dura t ion  o f  suckl ing  bouts va r i ed  from 10 seconds t o  nine minutes 

w i t h  a mean of 3.3 f 1.5 minutes. On s i x  occasions t h e r e  was a  break i n  

suckl ing  whi le  t h e  c a l f  e i t h e r  bu t t ed  t h e  t e a t s  o r ,  on one occasion,  changed 

Play 

No p lay  

Tot a1 

Suckling 

2 1 

2 9 

5 0 

No suckl ing  

3 7 

1,382 

1,419 

1 

Total  

5 8 

1,411 

1,469 



t e a t s .  I t  was always t h e  c a l f  which te rmina ted  a bout  o f  suckl ing.  The 

cow inva r i ab ly  stood s t i l l  and stopped e a t i n g , u n t i l  t h e  c a l f  had stopped 

suckl ing:  only then d i d  she  resume feeding o r  walk o f f  (discussed i n  

Sec t ion  6.2.2.1). 

Suckling took p l ace  a t  a l l  t imes o f  day, and during e i t h e r  feeding 

o r  r e s t i n g  periods.  There was no s i g n i f i c a n t  a s soc i a t ion  with any o t h e r  

a c t i v i t y  (X2 = 3.64 p > 0 .OS) o r  with any p a r t i c u l a r  f o u r  hour pe r iod  

( ~ ~ ' 3 . 8 6  p . 0 . 0 5 ) .  

5.5.4.4 The behaviour  o f  mothers towards o t h e r  rh inos  and man 

There were d i f f e r ences  i n  behaviour between s i n g l e  a d u l t  females 

and adu l t  females wi th  ca lves ,  which appeared t o  be r e l a t e d  t o  c a l f  

p ro t ec t ion .  In  p a r t i c u l a r ,  mothers were gene ra l ly  more aggressive than  

s i n g l e  adul t  females. For example, s i n g l e  a d u l t  females f l e d  on 56% o f  

occasions and charged on 4% o f  occasions when they  de tec ted  t h e  observer  

(n = 93).  Mothers, on the o t h e r  hand, f l e d  on 41% and charged on 13% o f  

occasions (n = 58) (X2 = 9.28 p 0.01) .  S i m i l a r l y ,  although t h e  

sample s i z e  was small, s i n g l e  adu l t  females r a r e l y  i n i t i a t e d  a t t a c k s  on 

o t h e r  rh inos  except  during t h e  advanced s t a g e s  of  pregnancy (Section 

5.5.4.1). 

Calves had a s t rong  tendency t o  approach o t h e r  rhinos and t o  p l a y  

wi th  o t h e r  calves and sub-adul t s  (Sections 5 .4 .1  and 5.6.2) . Sub-adults 

s i m i l a r l y  approached ca lves  and t r i e d  t o  i n i t i a t e  peacefu l  i n t e r a c t i o n s  

(Sect ions 5.4.1 and 5.6.3) .  Almost a l l  o f  t h e  a g o n i s t i c  i n t e r a c t i o n s  

between adu l t  females and sub-adul ts  and between adu l t  females and 

ca lves  followed such approaches. On f o u r  occasions a mother a t tacked  

an a d u l t  male a f t e r  h e r  young c a l f  had approached it and la& down i n  

physical  contact  wi th  it. 

Despi te  repea ted  a t t a c k s  by adu l t  females,  some sub - adu l t s  p e r s i s t e d  



i n  accompanying a cow-calf p a i r  (see Sec t ion  5 .6 .2) )  and t h e  number o f  

a t t a c k s  by t h e  female eventua l ly  decreased. Peaceful a s soc i a t ions  between 

cow-calf p a i r s  and sub-adul t  females a r e  descr ibed  i n  Sect ion 5.2. S ing le  

a d u l t  females a s soc i a t ed  more f requent ly  wi th  sub-adul t  males (Sect ion 

5 .2 ) )  bu t  i n  a t  l e a s t  one case the  sub-adul t  male was t h e  female ' s  p re -  

vious c a l f ,  and t h e  same may have been t r u e  i n  o t h e r  cases  (Section 5.6.2) . 
These observat ions a r e  discussed i n  Sec t ion  6.2.2. 

5.6 Changes i n  behaviour  with age, and ind iv idua l  d i f f e r ences  

i n  behaviour 

In t h i s  s ec t ion  the  behavioural changes a s soc i a t ed  with inc reas ing  

age a r e  descr ibed.  Since t h e  span of the s tudy  w a s  s h o r t  i n  r e l a t i o n  t o  

t h e  rh inos '  p o t e n t i a l  l i f e  span (Section 3 .8) )  t h e  behavioural  changes 

descr ibed a r e  a l l  s h o r t  term changes i n  p a r t i c u l a r  i nd iv idua l s  o r  d i f f e r -  

ences between age c l a s s e s ,  which a r e  pieced toge the r  t o  give an i d e a  o f  

t he  changes occurr ing  i n  ind iv idua ls  throughout t h e i r  l i v e s .  I a l s o  in -  

v e s t i g a t e  i nd iv idua l  d i f f e r ences  i n  behaviour  among rh inos  o f  each s e x  

and age c l a s s ,  wi th  p a r t i c u l a r  a t t e n t i o n  t o  adu l t  males. I d i s t i ngu i shed  

f i v e  s t ages  of  t h e  l i f e  cycle:-  

(a) Infancy (0-1 year ) :  t h e  period o f  dependence on t h e  mother f o r  

nourishment and p ro t ec t ion  from p reda to r s  (Class 1) . 
(b) Juvenilehood (1-3 o r  4 years) : t he  per iod  a f t e r  weaning during 

which the  ind iv idua l  remains with t h e  mother (Classes  2 and 3).  

(c) Adolescence: t h e  per iod  o f  independence from t h e  mother p r i o r  t o  

t h e  at ta inment  o f  s o c i a l  maturi ty  (Classes  5 and 6 ) .  

(d) Adulthood: t h e  per iod  of s o c i a l  maturi ty  (Class 7 ) .  

(e) Senescence: t h e  te rmina l  s tage  during which t h e  animal no longer  

p lays  an i n t e g r a t e d  r o l e  i n  t h e  reproduct ive population (Class  7 ) .  



5.6.1 Infancy 

The sk in  o f  t h e  f o u r  calves seen wi th in  one week a f t e r  b i r t h  was 

a p inkish  co lour  and remained so f o r  about 15 days. Each c a l f  was in -  

i t i a l l y  a l i t t l e  unsteady on i t s  f e e t  and walked around i t s  mother, rub- 

b ing  aga ins t  h e r  f l a n k s ,  o r  lay down bes ide  h e r .  I t  s o l i c i t e d  suckl ing  

by b u t t i n g  t h e  t e a t s  and rubbings i ts  mother 's  head and f lanks  (Sect ion 

5.5.4.3). 

During most o f  the  day an in fan t  l ay  bes ide  its mother who grazed 

o r  r e s t e d  nearby. Sometimes t h e  mother l e f t  h e r  young ca l f '  and moved 

away t o  feed  o r  dr ink (Sect ion 5.5.4.2).  On t h e s e  occasions,  t h e  c a l f  

d id  no t  move from t h e  spot  where i t  had been l e f t .  In  t he  presence o f  

t h e  m t h e r ,  t h e  i n f a n t  was very a c t i v e  and ran around and back and 

f o r t h  from t h e  mother, rubbing i t s  f lanks  and head on h e r  f lanks  and 

head, and occas iona l ly  p ick ing  up s t i c k s  i n  i t s  mouth (Section 5.4.1.2). 

I n f a n t  rhinos showed consider& l e  i n t e r e s t  i n  t h e i r  surroundings, and 

f r equen t ly  s n i f f e d  at vegeta t ion ,  logs and pools  o f  water,  and rubbed 

t h e i r  heads and f l anks  on t r e e s .  They approached o t h e r  rh inos  (e.g. 

P l a t e  40) ,  b u t  i n t e r a c t i o n s  with o t h e r  rh inos  were usua l ly  d is rupted  by  

t h e  i n f a n t s '  mothers (Section 5.5.4.4) .  

5.6.2 Juveni lehood 

Calves remained with t h e i r  mothers f o r  t h r e e  t o  fou r  years  (Section 

3.7) ,  during which time t h e i r  behaviour became l e s s  curious and p l a y f u l ,  

and inc reas ing ly  t imid.  Table 5.31 shows t h e  f requencies  o f  physical  

contac t  and p lay  behaviour  with t h e  mother f o r  t h e  t h r e e  age c l a s s e s  o f  

calves.  Older calves more f requent ly  rushed back t o  t h e  mother f o r  re- 

a s su r ing  phys ica l  con tac t  than  t h e i r  i n f a n t s  d id .  They a l s o  i n i t i a t e d  

fewer peacefu l  i n t e r a c t i o n s  with o t h e r  rhinos and a t tacked  in t rud ing  

rh inos  more f r equen t ly  than i n f a n t s  d id .  



Table 5.31. Changes with age in the m o m t  of physical contact and 
play observed i n  rhino calves. 

(a) Rates of physical  contact and play compared f o r  d i f f e r en t  age c lasses .  

(b) Numbers of observat ions o f  play with t he  mother and with o the r  rhinos. 

Class 

I (0-1 year) 

I 1  (1-2 years) 

111-IV (>2 years)  

Rates (number of observat ions pe r  100 hours) of 

Physical contact P l a y w i t h  Play with 
with mother mother o ther  h i n o s  

23.0 4.8 1.4 

20.6 0.9 2.6 

17.6 0.6 1 ;9 

During s h o r t  s epa ra t ions  from i t s  mother, a juveni le  of ten  searched 

f o r  h e r ,  moo-grunting f requent ly ,  and s n i f f i n g  t h e  ground c a r e f u l l y .  The 

mother 's r eac t ion  var ied :  on two occasions I saw a cow l i e  s i l e n t l y  i n  a 

r i v e r  whi le  h e r  c a l f  searched f o r  h e r  on dry land.  On one o f  t hese  

occasions t h e  c a l f  repea ted ly  walked up t o  a nearby sub-adult  female and 

nuzzled her :  on t h e  o t h e r  occasion, t h e  c a l f  followed an a d u l t  male h a l f  

way across  the r i v e r  and then turned back when it  heard i t s  mother sno r t -  

ing.  A juveni le  was o f t en  separated from i t s  mother during cour t sh ip  and 

mating, and on these  occasions both t h e  mother and the  juveni le  searched 

f o r  each o the r .  The j uven i l e  of ten  approached o t h e r  rh inos  and followed 

Total  

13 

2 0 

33 

Class I 

Classes 11-IV 

Total  

Number o f  observat ions 

Play with 
mother 

10 

S 

15 

Play with 
o the r  rhinos 

3 

15 

18 



them f o r  s h o r t  d i s tances :  one juveni le  male approached an adu l t  male who 

even tua l ly  k i l l e d  it  a f t e r  a t t ack ing  it repea ted ly  over  s eve ra l  days ( see  

P l a t e  37).  Another juveni le  wandered f o r  t h r e e  days before  i t s  mother 

found it, bu t  another  remained hidden and q u i e t  l i k e  an i n f a n t  d e s p i t e  t h e  

f a c t  t h a t  i t s  mother passed by  i t s  h id ing  p l ace  s e v e r a l  t imes,  squeak- 

pant ing  loudly. 

Juveni les  were a t t acked  more f requent ly  by adu l t  males than  i n f a n t s  

were, and although t h e  sample s i z e  i s  no t  g r e a t  enough t o  b e  conclusive,  i t  

appeared t h a t  a t t a c k s  were d i r e c t e d  more a t  j uven i l e  males than a t  j uven i l e  

females. This may expla in  t h e  tendency, demonstrated i n  Table 5.32, f o r  

males t o  remain longer  wi th  t h e i r  mothers than females. The est imated ages 

a t  which males l e f t  t h e i r  mothers were s i g n i f i c a n t l y  h ighe r  than the  ages 

a t  which females l e f t ,  b u t  t h i s  d i f f e r ence  could have been caused by under- 

es t imat ion  o f  t h e  d i f f e r ence  in growth r a t e s  o f  male and female calves.  

However, t he  calves whose ages were most accu ra t e ly  knmn confirm t h e  t r e n d  

demonstrated by t h e  o t h e r  ca lves  (Table 5.32). Furthermore, one male 

(m087) r e jo ined  h i s  mother a f t e r  the  death o f  t h e  mother's new c a l f ,  and 

s e v e r a l  o t h e r  observa t ions  o f  s i n g l e  a d u l t  females wi th  sub-adul t  males 

may have been cows with f o u r  yea r  old calves.  

Suckling was t e rmina ted  during t h e  juveni le  pe r iod  b u t  I never  saw 

cows force  t h e i r  calves t o  s t o p  suckl ing (Sect ion 5 .5. 4 .3 )  . Juveni les  

were separa ted  from t h e i r  mothers a t  l e a s t  a week be fo re  t h e  b i r t h  of t h e  

mother 's next  c a l f  b u t  t h e  process  of s epa ra t ion  was e i t h e r  sudden and 

f i n a l ,  o r  t h e r e  were p e r i o d i c  reunions and sepa ra t ions  over  a  per iod  o f  

fou r  months o r  more. Male's s epa ra t ions ,  i n  accordance with t h e  d a t a  i n  

Table 5.32, were more o f t en  o f  t h e  l a t t e r  type  and females '  o f  t he  former 

type.  I only saw an a d u l t  female dr ive  away i t s  c a l f  v i o l e n t l y  during 

t h e  week be fo re  p a r t u r i t i o n .  Before t h a t ,  a cow simply snor ted  when the  

juveni le  approached, and sometimes threa tened  it  with the. tusk-d isp lay  

(Sect ion 5.4.2).  



Table 5 . 3 2 .  Differences between the sexes i n  the ages at which 
calves l e f t  f i e i r  mothers. 

hlann-Whitney U t e s t ,  p < 0.05 (two t a i l e d  t e s t )  

denotes calves born a f t e r  January 1972, whose ages were 
therefore known more accurately than calves born ea r l i e r .  

The figure in brackets is explained in the tex t .  

5.6.3 Adolescence 

Sub-adult  i s  t h e  term used f o r  adolescent  rhinos (Section 3.2.2).  

Sub-adults were genera l ly  more t imid than a d u l t s  (Section 5.4.2). The 

t y p i c a l  r eac t ion  t o  my presence of one sub-adul t  male (m055) changed 

during t h e  study per iod  from immediate r a p i d  f l i g h t  t o  a curious approach. 

The same ind iv idua l  was seen i n  a group on 29% o f  occasions (n = 63)  dur ing  

the  year  a f t e r  i t s  first s igh t ing  and on 16% of occasions (n = 38) during 

t h e  next  yea r  (X2 = 2.10 p > 0.05). Although t h i s  r e s u l t  i s  no t  s i g n i -  

f i c a n t ,  i t  i n d i c a t e s  a poss ib l e  t rend  towards l e s s  t imid  and more s o l i t a r y  

behaviour. 

Male calves 

Mean ? SD 39.4 + 4.8 34.1 f 2.9 

Female calves 

Individual 

*074 

0 76 

087 

09 1 

094 

146 

*l93 

Individual 

0 79 

0 82 

0 85 

100 

114 

*l31 

136 

165 

*l62 

Age (months) a t  
leaving mather 

39 

36 

38 (55) 

5 0 

42 

36 

35 

Age (months) a t  
leaving mother 

3 4 

36 

36 

31 . 
4 0 

32 

30 

35 

3 3 



(a )  Grouping behaviour  

The tendency o f  sub-adul t s  t o  form groups i s  descr ibed i n  Sect ion 

5.2.1. These groups were v a r i a b l e  i n  composition, f requent ly  s p l i t t i n g  

and amalgamating with o t h e r  groups. Sub-adul ts  i n  groups were never  

a t tacked  by adu l t  males although lone sub-adul t  males were f requent ly  

a t t acked  (Section 5.4.2). The poss ib le  p r o t e c t i v e  advantage o f  groups 

i s  discussed i n  Sec t ion  6 . 3 . 2 .  

Fig. 5.16 shows t h e  propor t ions  of occas ions  on which each o f  t h e  

most f requent ly  s i g h t e d  sub-adul t s  were seen  in groups. I t  confirms t h a t  

sub- adu l t  males gene ra l ly  formed groups more f r equen t ly  than sub- adu l t  

females ( see  Sect ion 5 . 2 ) ,  b u t  it a l s o  shows t h a t  t h e r e  were considerable  

v a r i a t i o n s  wi th in  the  sexes.  

F i g .  5.16.  The frequency of group formation by individual sub-adults. 



The indiv idua l  composition of sub -adul t groups a l s o  va r i ed  g rea t ly .  

The seven most f r equen t ly  s ighted  males formed groups with between t h r e e  

and 11 o t h e r  sub-adul ts .  However, c e r t a i n  i nd iv idua l s  were seen t o g e t h e r  

more f r equen t ly  than would be expected by chance: m076 w a s  with m054 on 

seven occasions and with m055 on s i x  o f  t h e  25 occasions it was seen i n  a 

group. The sub-adul t  m087 was almost always wi th  i t s  mother (F086) a f t e r  

she had l o s t  h e r  c a l f  (088) t o  a t i g e r .  Among t h e  most f requent ly  s i g h t e d  

sub-adul t  males, m055 was t h e  only one seen i n  groups with a d u l t  males: 

it was twice seen ly ing  i n  physical  contact  w i th  M045 (see P l a t e  41) ,  

although on o t h e r  occasions i t  was chased o f f  by t h e  same adul t  male 

(d iscussed  i n  Sect ion 6.2.2.3).  Among t h e  most f r equen t ly  s igh ted  sub- 

a d u l t  females,  f160 was with F086 and m087 on 12 of  the  26 occasions it 

was seen i n  a group (discussed in  Sect ion 6.2.2.3).  

(b) Range changes a f t e r  leaving t h e  mother 

Three ind iv idua l s ,  m076, m087 and f l O O  were each seen more than 20 

times a s  calves and more than 20 times a s  sub-adul ts .  Both t h e  sub-adul t  

males showed changes i n  range use a f t e r  leav ing  t h e i r  mothers, b u t  t h e  sub- 

adu l t  female d i d  no t  (Section 4.6.3.5). The ranges o f  t h e  sub-adul t  males 

s h i f t e d  eastwards from blocks  D and E t o  block F and the  range o f  f l O O  

remained i n  b locks  D and E.  Furthermore, two very d i s t i n c t i v e l y  marked 

sub-adul t  females, f165 and f160 were thought by t h e  I t a r n i  guards t o  

have been born and r ea red  mainly in  block G .  However, these  sub-adul t  

females were subsequently seen in  b locks  D and E .  Although t h i s  d a t a  is  

obviously inconclusive,  t h e  h igher  numbers o f  sub- adu l t  females i n  b locks  

D and E and of  sub-adul t  males i n  blocks F and G (Sect ions 3.5 and 4.6.3.3) 

suggest  t h a t  t h e r e  may have been pressures  on sub-adult  males t o  move ou t  

of t h e  c e n t r a l  h igh ly  populated areas  (discussed i n  Sect ions 6.2.2.3 and 

6.2.1). 



5.6.4 Adulthood 

5.6.4.1 Adult females 

Some d i f f e rences  i n  behaviour between s i n g l e  a d u l t  females and 

mothers a r e  descr ibed i n  Sec t ions  5.2.1 and 5.5.4.4. Apart from these  

d i f f e r ences ,  t h e r e  was considerable  v a r i a t i o n  i n  behaviour  between i n d i -  

v idua l s .  Fig. 5.17 shows t h e  propor t ions  o f  occasions on which each of 

t h e  most f requent ly  s i g h t e d  adu l t  females w a s  seen i n  a group with sub-adul t s .  

n = 2tl 140 70 122 58 121 115 85 57 25 40 59 21 23 38 80 46 44 

A?? 
observations 

F i g .  5.17. The frequency o f  group f m a t i o n  with sub-adutts by 
ind iv idwzZ  adult females. 

Table 5 . 3 3  shows t h e  nulnbers and t h e  r e s u l t s  of  a g o n i s t i c  encounters 

involv ing  t h e s e  ind iv idua l s .  There w a s  a s i g n i f i c a n t l y  h ighe r  r a t e  o f  

a g o n i s t i c  i n t e r a c t i o n s  between a d u l t  females of  range category 2 (Section 

4 . 6 . 3 . 3 )  than between o t h e r  females. ?his r e s u l t  might b e  i n t e r p r e t e d  as 

increased  competit ion among a d u l t  females i n  t h e  more densely populated 

regions.  However, t h e r e  a r e  a l t e r n a t i v e  explana t ions .  F i r s t l y ,  most o f  

t h e  i n t e r a c t i o n s  took p l ace  a t  wallows, and I spent  longer  observing 



Table 5.33.  The nwnbers cmd results of a g m i s t i c  interactions 
invotving the most frequent& sighted adult fmaZes. 

blann Whitney U t e s t  on the  difference between the  groups i n  r a t e  of 
agon i s t i c  in te rac t ions  with adult  females: U = 13, p 0.01. 

rhinos a t  wallows i n  blocks E and F than i n  o t h e r  blocks.  Secondly, t h e  

r a t e s  o f  a g o n i s t i c  i n t e r a c t i o n s  have been ca l cu la t ed  p e r  hour o f  obser- 

vation,and do not  take  i n t o  account t he  t imes spent  i n  assoc ia t ion  with 

o t h e r  ind iv idua ls .  Thi rd ly ,  no account i s  taken of changes i n  behaviour  

o r  range use over t h e  s tudy period.  

Individual 

Adult females o f  
rangc categor ies  
1 t o  3 

F073 

F0 75 

F0 78 

F081 

F0 84 

F090 

F09 9 

F122 

F192 

Adult females o f  
range categor ies  
4 t o  6 

F0 86 

F110 

F113 

F130 

F139 

F141 

F161 

F163 

F170 

Number of 
agon i s t i c  

in te rac t ions  
observed 

42 

2 8 

18 

31 

17 

16 

33 

15 

17 

45 

14 

3 

15 

3 

1 

7 

8 

5 

% o f  occasions 
t h a t  opponent 

f l e d  

42.9 

35.7 

38.9 

35 .S 

41.2 

31.3 

33.3 

20 .O 

52.9 

48.9 

22.0 

33.3 

80.0 

66.7 

0 .0 

85 . 7  

25 .O 

80 .O 

The r a t e  of agon i s t i c  
in te rac t ions  with 

adult  females 
(The number pe r  100 
hours o f  observation) 

17.0 

14.2 

33.3 

24.7 

27.5 

8.8 

40.4 

24.0 

40.9 

Mean = 25.6 + 10.6 

17.9 

28.6 

15 .O 

6.7 

0.0 

0 .O 

0 .O 

4.7 

16.7 

Mean = 10.0 t 9.5 - 



Therefore,  I c a r r i e d  out  a d e t a i l e d  a n a l y s i s  o f  t h e  i n t e r a c t i o n s  

between adu l t  females a t  p a r t i c u l a r  temporary wallows during s i n g l e  

monsoons. For example, Fig. 5 . l 8  shows t h e  t imes spent  w a y  from o t h e r  

a d u l t  females by d i f f e r e n t  i nd iv idua l  females i n  one p a r t i c u l a r  wallow, 

about 20 metres by 10 metres ,  i n  block E dur ing  t h e  monsoon of  1973. 

n = 4.9 15.0 2.4 9.9 39.2 27.6 IQ9 2.1 16.5 19.4 hrs 

F i g .  5.18. The degree of association by individual adult females 
with other adult females in a certain waZZow during 
the 1973 rnonsoon. 

Table 5.34 shows t h e  r a t e s  o f  a g o n i s t i c  i n t e r a c t i o n s  between each i n d i v i -  

dual p e r  hour t h a t  they  were toge the r  i n  t h e  wallow, and the  i d e n t i t y  o f  

t h e  ind iv idua l  i n  each p a i r  which won most i n t e r a c t i o n s .  Such ana lys i s  

on t h i s  and o t h e r  wallows cannot be presented i n  f u l l  i n  this repor t ,  b u t  

it d i d  not  i n d i c a t e  a  dominance h i e ra rchy  among t h e  adu l t  females. There 



Table 5.34. Rates and resul ts  of  cgonistic interactions bebeen 
inditridwzl adult fenales 61 one waZZm during $he 
1973 mansoan. 

Iden t i fy ing  l e t t e r s  and numbers a r e  used f o r  each ind iv idua l .  

The ind iv idua l s  i n  t h e  body of t h e  t a b l e  won more i n t e r a c t i o n s  
than t h e i r  opponents. 

The f i g u r e s  i n  t h e  body o f  t h e  t a b l e  a r e  r a t e s  o f  a g o n i s t i c  i n t e r -  
a c t i o n s  p e r  hour  t h a t  each p a i r  of rh inos  were toge ther .  

I 

B  
0  75 

C 
078 

D 
0  81 

E 
0  84 

F 
0  86 

G  
090 

L  
099 

M 
103 

Y 
122 

Tot a1  
i n t e r a c t i o n s  
pe r  hour  
with o t h e r s  

Tot a1  wins 
minus l o s se s  

X denotes n o t  seen toge the r .  

- 
A B C D E F G L M Y  

073 075 078 081 084 086 090 099 103 122 

X  

10.0 7.5 
A  B  

7.5 1.1 0.0 
D D  - 

30.0 1 . 1 1 5 . 0  1.2 
A  B  C  D/E 

0.0 X 0.0 0.2 8.6 
- - F F  

1.2 0.0 0.0 0.3 0.0 0.4 
G - - G -  F 

0.0 0.0 0.6 0.5 0.2 0.7 0.6 
- - L L L L G  

14.1 X 1.2 3.4 
A X X X X M L  

0.4 X 0.4 0.0 0.5 0.0 0.0 0.2 0.8 
A C  - E  - - L Y 

2.05 2.17 0.52 0.94 1.24 0.80 0.51 0.73 4.10 0.35 

+6 +l +l - 3  -2 +2 +l +l0  -6 -10 

D/E denotes equal  numbers of  i n t e r a c t i o n s  won by each animal. 

was a l s o  no r e l a t i o n s h i p  between t h e  frequency o f  observed a g o n i s t i c  

i n t e r a c t i o n s  and t h e  t ime spent  i n  t h e  wallow wi th  o t h e r  rhinos.  However, 

t h e  high r a t e  of a g o n i s t i c  i n t e r a c t i o n s  between adu l t  females may cause 

some ind iv idua l s  t o  avoid t h e  most contes ted  wallows (discussed i n  Sec t ion  



6.2.2.1). Note t h a t  F122, t he  only s i n g l e  adu l t  female, a t  t h a t  time, 

among t h e  10 ind iv idua l s ,  had t h e  lowest success  r a t e  i n  i n t e r a c t i o n s  

with the  o t h e r  cows. 

5.6.4.2 Adult males 

Adult males a r e  t r e a t e d  in more d e t a i l  here  than o t h e r  sex and age 

c l a s s e s  because I was most i n t e r e s t e d  i n  t h e  ways in which ind iv idua l  

d i f fe rences  i n  t h e i r  behaviour  a f f e c t e d  t h e i r  b reeding  success.  I show 

h e r e  t h a t  only c e r t a i n  a d u l t  males r egu la r ly  courted and mated with f e -  

males. For convenience, I have divided adu l t  males i n t o  two s o c i a l  

c l a s s e s  on t h e  b a s i s  o f  d i f f e r ences  i n  s o c i a l  behaviour.  I descr ibe 

s o c i a l  i n t e r a c t i o n s  between adu l t  males and changes i n  t h e i r  use of 

t h e i r  ranges over t h e  study per iod ,  

(a )  Associat ions with o t h e r  rhinos 

Adult males were u s u a l l y  s o l i t a r y  (Sect ion 5 .2 ) .  There were, how- 

ever ,  v a r i a t i o n s  among t h e  a d u l t  males i n  t he  e x t e n t  t o  which they  

a s soc i a t ed  with o t h e r  rh inos ,  and i n  the  sex  and age c l a s se s  with which 

they  tended t o  a s soc i a t e .  I show i n  Table 5.35 t h e  numbers of occasions 

on which each of  13 a d u l t  males were seen i n  a s soc i a t ions  with o t h e r  

rhinos c l a s s i f i e d  according t o  t h e i r  age and sex.  

The numbers o f  s i g h t i n g s  va r i ed  considerably between indiv idua ls .  

No s t a t i s t i c a l  s ign i f i cance  can be placed on the  d i f fe rences  between 

t h e  propor t ions  of  s i g h t i n g s  i n  assoc ia t ions ,  f o r  i nd iv idua l s  seen on 

only  a  few occasions.  However, f o r  t h e  f i v e  ind iv idua l s  seen on over  

30 occasions I show ( in  Table 5.35) t h e  r e s u l t s  o f  chi-squared t e s t s  

between each p a i r  o f  i nd iv idua l s  on t h e  propor t ions  of s igh t ings  i n  

which they were i n  a s soc i a t ions .  The t a b l e  and t h e  matrix show t h a t  

M005 and M045 were seen s i g n i f i c a n t l y  more f r equen t ly  i n  groups o r  



Table 5.35.  The frequencies with which individual aduZt males 
associated with rhinos o f  each sex and age class. 

Resul t s  o f  X2 t e s t  on d i f f e r ences  between i n d i v i d u a l s  i n  t h e  
propor t ion  o f  s i g h t i n g s  i n  a s soc i a t i ons :  

Ind iv idua l  

P10 0 1 

b1002 

MOO 3 

bW04 

PI00 5 

M13  

MO 34 

M045 

h10 5 2 

P1053 

h105 6 

W06 2 

h 0  70 

p va lues  
Pm0 1 >DO2 h100 4 P10 05 

h1002 >0.05 

MO04 >O .05 >0.05 

h1005 >0.05 co.05 co.05 

aggregat ions than MO02 and M004. Furthermore, M005 and M045 were seen  

more f r equen t ly  with adul t  and sub-adult  females than wi th  adu l t  males, 

whereas the  oppos i te  was t r u e  f o r  M002 and M004 (Fisher  exact probab- 

i l i t y  t e s t  p  c 0.001). M O O 1  seems t o  be  in te rmedia te  between t h e s e  

two p a i r s  of  i nd iv idua l s ,  be ing  no t  s i g n i f i c a n t l y  d i f f e r e n t  from e i t h e r  

of  them i n  i t s  propor t ion  of s igh t ings  i n  aggregat ions.  I t  was seen more 

o f t e n  with a d u l t  females than with adu l t  males, bu t  r e l a t i v e l y  more f r e -  

quent ly with the  l a t t e r  than  were M005 and M045. 

Surrber o f  
s i g h t i n g s  i n  
a s soc i a t i ons  

2.5 (19.0'0) 

4 (10.5%) 

4 (28.6%) 

7 (11.9;) 

45 (24 -2'0) 

4 (18.2'0) 

1 ( 7.1%) 

1 7  (-39.2'0) 

0 - 
3 (30.0%) 

6 (30.0%) 

S (29.4%) 

0 - 

The a s soc i a t ions  between adul t  males and females considered above 

Number o f  a s s o c i a t i o n s  
wi th  

A& A? S 9  S& 

11 14 4 3 

4 1 2 1 

1 2 0 0 

6 2 2 1 

4 42  9 2 

0 2 1 1 

1 0 0 0 

0 32 12 25 

0 0 0 0 

1 2 0 0 

0 6 1 0 

3 1 0 0 

0 0 0 0 

Total 
of s i g h t i n g s  

151 

38 

14 

59 

186 

2 2 

14 

16 1 

4 

10 

2 0 

17 

7 



inc lude  chance aggregat ions and a c t i v e l y  maintained assoc ia t ions ,  a s  

def ined  i n  Sect ion 5.4.1. I now consider  t h e  numbers of  a c t i v e l y  main- 

t a ined  a s soc i a t ions  with females recorded f o r  each ind iv idua l  adul t  male. 

The d i f f i c u l t i e s  i n  determining whether an a s soc i a t ion  was o r  was no t  

a c t i v e l y  maintained a r e  discussed i n  Sec t ion  5.5.1. I t  was c l e a r  t h a t  

longer  observat ion per iods  made it e a s i e r  t o  d e t e c t  a c t i v e l y  maintained 

a s soc i a t ions .  'Ihere w a s  considerable  v a r i a t i o n  i n  t h e  mean observat ion 

dura t ion  f o r  each o f  t h e  13  adu l t  males: i n  genera l ,  a s  f o r  a l l  obser- 

va t ions  o f  rh inos ,  dura t ions  of  observa t ions  were longer  i n  the c e n t r a l  

blocks o f  t h e  s tudy a rea .  Table 5.36 shows t h e  t o t a l  observat ion t imes,  

numbers o f  s igh t ings  and mean dura t ions  of  observa t ions  f o r  t h e  13 adu l t  

males c l a s s i f i e d  according t o  t h e  blocks in  which they were seen most 

f requent ly .  The f i v e  ind iv idua l s  seen most f r equen t ly  i n  t h e  c e n t r a l  

blocks had s i g n i f i c a n t l y  longer  mean dura t ions  o f  observat ions than i n -  

d iv idua l s  i n  t h e  ou t ly ing  blocks (Mann Whitney U t e s t  p  < 0.001).  

In Table 5.37 I have compared t h e  f requencies  wi th  which ind iv idua l  

a d u l t  males were seen i n  a c t i v e l y  maintained a s soc i a t ions  with females. 

A s  longer  observat ion per iods  increased  the  chance of de t ec t ing  a c t i v e l y  

maintained a s soc i a t ions ,  i nd iv idua l s  seen most f r equen t ly  in the  out- 

l y ing  blocks a r e  considered sepa ra t e ly  from those  i n  the  c e n t r a l  blocks.  

I t  can b e  seen t h a t  a l l  males i n  the  l a t t e r  group a c t i v e l y  assoc ia ted  

wi th  females a t  some time during t h e  s tudy.  The r a t e s  o f  a s soc i a t ions  

p e r  100 hours  of  observa t ion  a r e  not  s i g n i f i c a n t l y  d i f f e r e n t  between 

ind iv idua l s  (X2 = 5.07 p > 0.05),  bu t  it i s  c l e a r  t h a t  M005 and W45 

as soc ia t ed  t h e  most f r equen t ly  with females i n  t he  c e n t r a l  blocks,  and 

M005 a l s o  assoc ia ted  with females i n  b locks  B and G .  

There were d i f f e r ences  between ind iv idua l  adu l t  males i n  the  

frequency o f  s q u i r t - u r i n a t i o n  and foot-  dragging d i sp l ays .  The frequenc i e s  

o f  t h e s e  d i sp l ays  by, t h e  f i v e  adu l t  males considered above a r e  shown i n  



Table 5. 36. The nmbers of sightings and the durations of o b s e r  
va t ims  of  individual adult males classif ied accord- 
ing t o  where they were seen most frequently. 

Mean observation durat ions:  - Central blocks 31.2 ? 5.2 
Outlying blocks 11.9 5 4.9 

Central blocks > Outlying blocks Mann Whitney U t e s t  p < 0.001 

Individual 

Table 5.38. I t  can be seen t h a t  t h e r e  were s i g n i f i c a n t  d i f f e r ences  

between ind iv idua l s  i n  t h e  frequencies  o f  bo th  d isp lays .  I observed 

M045, M005 and M O O l  mating i n  the c e n t r a l  blocks during the study pe r iod ,  

and these  t h r e e  ind iv idua l s  were d i f f e r e n t  from t h e  o t h e r  two i n  s e v e r a l  

behavioural  c h a r a c t e r i s t i c s .  They a l l  s q u i r t - u r i n a t e d  more f requent ly  

than M004 and M002, although M O O l  d i d  s o  s l i g h t l y  l e s s  f requent ly  than 

M005 and M045. The l a t t e r  two males a l so  dragged t h e i r  f e e t  s i g n i f i c a n t l y  

more f requent ly  than the  o t h e r  t h ree .  I showed above t h a t  M005 and M045 
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5.38. A amparison of the  frequencies o f  squirt-urinatim and 
foot-drcgging displqjs performed by individual adult mazes. 

These d i f f e r ences  a r e  not  s i g n i f i c a n t ,  and t h e  h ighe r  r a t e s  o f  u r ina t ion  

were caused p a r t l y  by a high frequency of  d i s turbance  by the  observer  

( s ee  mean observat ion dura t ions ,  Table 5.36) . However, it i s  worth 

po in t ing  out  t h a t  M34,  t h e  only  male seen n e i t h e r  t o  s q u i r t - u r i n a t e  n o r  

foot-drag,  was a  very t i m i d  individual ,  s i m i l a r  i n  behaviour t o  M002. 

Furthermore, of  t he  t h r e e  males seen i n  a c t i v e l y  maintained a s soc i a t ions  

with females (Table 5.37),  two (M056 and M013) were seen both s q u i r t -  

u r i n a t i n g  and foot-dragging. I t  appeared t h a t  t hese  d isp lays  were t h e  

mark of  breeding males b u t ,  due t o  t h e  small  numbers of  observat ions o f  

many ind iv idua l s ,  it was necessary t o  use  o t h e r  c lues  such as t h e  degree 

o f  t i m i d i t y  t o  decide whether a  ce r t a in  i nd iv idua l  was l i k e l y  t o  b e  

Individual  N O .  
Foot -dragging S q u i r t - u r i n a t i o n  

N u h e r  

3  

l 

0  

l 3  

18 

= 34.8 ;, < 9.001 = 14.4 p 0.01 

b1035, h1005 > P1001 > W02,  NO04 bl045 > bK)05 > ht001, W02,  C1004 

Number Ratc (No/lO h r s )  

0.5 

0.6 

0.0 

1.0 

. 2.1 
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D . O  

0.8 

7.8 
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breeding i n  a p a r t i c u l a r  a rea .  I c l a s s i f i e d  males roughly i n t o  ' s t r o n g 1  

males and 'weak1 males, b u t  they lay on a continuum o f  ' s t r e n g t h ' ,  and 

t h e i r  p o s i t i o n s  on the  continuum changed over  t h e  per iod  of  t h e  s tudy.  

(b) In t e rac t ions  between a d u l t  males 

Adult males r a r e l y  assoc ia ted  wi th  o t h e r  adu l t  males (Section 5 .2 ) ,  

and although t h e r e  was a high r a t e  of  a g o n i s t i c  i n t e r a c t i o n s  between 

adu l t  males when they were toge the r  (Section 5.4.2) ,  t h e  nunher o f  such 

i n t e r a c t i o n s  was small. I observed only e i g h t  involv ing  the  f i v e  adu l t  

males seen most f requent iy  i n  t he  c e n t r a l  b locks .  During 1973, M001 

chased M004 and M003 i n  block D ,  and M003 chased a  s t r ange  adu l t  male 

i n  block C. During 1974, M002 and M004 were both chasing F086 i n  block 

D ,  when M004 turned  and chased of f  M002. Also during 1974 M005 was 

seen walking slowly across  t h e  Rapti  from block F t o  block E w i th  M045 

fol lowing about 100 metres behind. During 1975 M062, which had been 

seen only i n  block A up t o  t h a t  t ime, appeared i n  block D on two 

occasions. On t he  first  occasion M062 chased M01,  M004 and two adul t  

females: a  mcmth l a t e r  M062 was f a t a l l y  wounded (see P l a t e  3 6 )  i n  a 

f i g h t  with M O O l  i n  block D and re turned  t o  block A where he died about 

10 days l a t e r .  

The wounds f r equen t ly  acquired by a d u l t  males suggested t h a t  f i g h t s  

were common. The deaths  caused by f i g h t i n g  were l i s t e d  i n  Table 3.15. 

However, some males l i v e d  i n  t h e  same a r e a  t o g e t h e r  with very l i t t l e  

mutual aggression,  and i t  appeared t h a t  most f i g h t s  were between 

s t r ange  males and r e s i d e n t  males. Weak males i n  p a r t i c u l a r ,  such as 

M002, were of ten  seen in t h e  v i c i n i t y  o f  o t h e r  a d u l t  males, and on one 

occasion t h r e e  a&l t  males wallowed 30 metres a p a r t  i n  the  same stream. 

However, such proximity can be  misleading, as t h e  vegetat ion is  genera l ly  

very t h i c k ,  and v i s i b i l i t y  poor (discussed i n  Sec t ion  6.3.2). M O O l  and 

M003 were once wallowing 10 metres apa r t  b u t ,  when d is turbed  by t h e  



observer ,  h1001 suddenly lunged a t  M003 and chased i t  o f f  i n t o  t h e  grass .  

The i n t e r a c t i o n s  between adu l t  males a r e  d iscussed  i n  Sect ion 6.2.2.2 

in  r e l a t i o n  t o  t h e i r  ranges (see below). 

Table 4.9 showed the  d i s t r i b u t i o n  of  s i g h t i n g s  of  a1 l ind iv idua l s  

over  t h e  whole s tudy per iod .  I t  can be seen t h a t  hW04 was seen very 

inf requent ly  during t h e  second year o f  t h e  s tudy period,  and i t  i s  

l i k e l y  t h a t  i t  moved e i t h e r  ou ts ide  o r  t o  ou t ly ing  regions o f  t h e  s tudy 

a r e a  during t h a t  year .  h1002 was a l so  seen  in f r equen t ly  during the  

second year  and died o f  o ld  age during t h e  t h i r d  year .  M045, M005 and 

h1001 a l l  showed evidence o f  changes i n  t h e  use of  t h e i r  home ranges 

ove r  the  study per iod  (Section 4.6.3.5,  Table 4.16) .  Fig. 5.19 shows 

t h e s e  changes more c lear ly ,  by considering only  s i g h t i n g s  of these  t h r e e  

adu l t  males, and p l o t t i n g  the  numbers of  s i g h t i n g s  of each ind iv idua l  i n  

each block and year  a s  a  proportion o f  t h e  n u b e r  of s igh t ings  o f  a l l  

t h r e e  ind iv idua l s  i n  t h a t  block and yea r .  I t  can be seen t h a t  M045, al- 

though seen very r a r e l y  during the f i r s t  year ,  accounted f o r  nea r ly  90% 

o f  the  s i g h t i n g s  of t h e  adul t  males i n  blocks F and G during t h e  second 

and t h i r d  years.  h1005 was seen in  blocks B t o  G during t h e  f i r s t  y e a r  

bu t  reduced i ts  range each year ,  moving out o f  block F  i n  t h e  second 

year  a s  F1045 moved i n t o  i t .  There w n s  a corresponding change in  block 

D with M005 moving in and MOO1 moving out t o  block C ( see  Sect ion 

6.2.2.2 f o r  discussion of t hese  r e s u l t s ) .  

In  conclusion, i t  appears t h a t ,  altllough a d u l t  males' ranges overlapped 

considerably,  t h e r e  was some degree o f  range e x c l u s i v i t y  among s t rong  males. 

Violent f i g h t s  occurred,  f o r  example the one \ ~ h i c h  ended i n  M062's dea th ,  

bu t  gradual changes i n  ranges with respec t  t o  kno\\rll, neighbouring s t rong  

males seems t o  have r e s u l t e d  i n  considerable  range overlap among the  t h r e e  

s t rong  males i n  t he  c e n t r a l  blocks o f  the Sauraha study area .  



Year 1973 I 1974 1 1975/76 

Block B C D E F+G 
n =  3 4 61 41 27 

Percentages a r e  o f  a l l  s i g h t i n g s  (n) of  t h e  t h r e e  a d u l t  males i n  
each block i n  each time period.  

x2 t e s t  f o r  d i f f e r ences  between th ree  yea r s  i n  t h e  d i s t r i b u t i o n s  
of  t h e  s i g h t i n g s  

Blocks F + G MOO5 vs M045 X2 = 86.89 p c 0.001 df  = 2 
Block D M O O 1  v s  M005 X2 = 18.24 p < 0.001 df  = 2 

B C D E F+G 
3 7 57 23 73 

F i g .  5.19. Changes in the ranges of three aduZt males over the 
st@ period 

B C D E F+G 
2 0 78 48 48 

5.7 Discussion on corrumrnication 

I d iscuss  he re  t h e  types o f  s i g n a l s  used by  rh inos  f o r  comunica t ion ,  

considering various a spec t s  o f  s t r u c t u r e  and funct ion and the  r e l a t i o n -  

sh ips  between the  environment and the  types o f  s i g n a l s  used. This is 

prel iminary t o  a d e t a i l e d  discussion i n  Sec t ion  6 about 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 rganisa t ion  and the consequences of i n t e r -  

ac t ions  between rhinos.  

The ex ten t  t o  which ungulates  communicate wi th  each o t h e r ,  and t h e  

types  o f  s igna l s  used depend l a rge ly  on the  s p a t i a l  d i s t r i b u t i o n  of t h e  



i nd iv idua l s  (see Sec t ion  6.3.1) and t h e  n a t u r e  o f  t h e  environment. The 

h a b i t a t  type ,  t he  d i s t ance  over  which t h e  s i g n a l s  a r e  t ransmi t ted  and 

whether they a r e  t r ansmi t t ed  by day o r  by n i g h t  a l l  appear t o  inf luence  

the  na tu re  of t h e  s i g n a l s  used (see Marler (1967) f o r  a discussion o f  

t h e  r e l a t i o n s h i p  between the  s t r u c t u r e  and func t ion  o f  communicatory 

s igna l s )  . 
The s i g n a l s  used by animals t o  exchange information about t h e i r  

mot iva t iona l  s t a t e s  and t h e i r  i n t e n t i o n s  a r e  d i f f i c u l t  t o  c l a s s i f y  

e i t h e r  d e s c r i p t i v e l y  o r  func t iona l ly .  Differences between t h e  sensory 

a b i l i t i e s  of observers  and animals can cause observers  t o  perceive a 

very d i f f e r e n t  s e t  o f  s i g n a l s  from t h a t  which t h e  animal under study 

perceives.  There a r e  a l s o  d i f f i c u l t i e s  i n  d i s t i ngu i sh ing  d i s c r e t e  

s i g n a l s  in what o f t e n  appear t o  be cont inua o f  expression i n  s e v e r a l  

sensory modal i t ies  (Marler, 1967). Ungulate s i g n a l s  have been c l a s s i -  

f i e d  func t iona l ly  i n t o  f o u r  broad categories:-  a t t r a c t i o n  (e.g. court-  

ing  and c a l l i n g  t h e  young) , repulsion (e.g. t h r e a t ) ,  submission, and 

alarm (Leuthold, 1977). However, many s i g n a l s  as perceived by human 

observers  occur i n  widely d i f f e r en t  contex ts ,  and Kiley (1972) concluded 

from work on domestic ungulates  t h a t  most audi tory  s i g n a l s ,  o r  vocal- 

i z a t i o n ~ ,  merely s i g n a l  t h e  s t a t e  o f  excitement o f  t h e  animal and have 

t o  be i n t e r p r e t e d  i n  t he  context o f  o t h e r  behaviour  such as v i s u a l  d i s -  

plays and d i r e c t  ac t ions .  The l a t t e r  hypothesis  accords with obser- 

va t ions  o f  voca l i za t ions  such as the  squeak-pant occurr ing i n  d i f f e r e n t  

circumstances (Section 5.3. l ) ,  bu t  it i s  p o s s i b l e  (a) t h a t  t h e  rh inos  

can d i s t i ngu i sh  d i f f e r ences  between the sounds u t t e r e d  i n  each context  

o r  between sounds u t t e r e d  by males and females and (b) t h a t  sounds may 

perform more than one corrunmicatory funct ion without  ambiguity. 

Most communication appeared t o  be concerned with t h e  cont ro l  of 

spacing between ind iv idua l s  (Section 5.3) . The l a rge  n h e r  of  s i g n a l s  



as soc ia t ed  wi th  the  defence of "personal space" (Hediger, 1950; Marler  

and Hamilton, 1966), i. e .  increas ing  o r  maintaining d is tance  between 

ind iv idua l s ,  i s  unusual among ungulates:  an equiva len t  emphasis has  

been found only i n  o t h e r  rh ino  spec ies ,  i n  p a r t i c u l a r  t he  white rh ino  

(Owen-Smith, 1973; s e e  Sect ion 6.3). I now cons ider  audi tory ,  o l -  

f a c t o r y  and v i s u a l  s i g n a l s  i n  turn. 

(a) Auditory s i g n a l s  

Vocal izat ions were t h e  most f requent ly  recorded type o f  s i g n a l  

(Sect ion 5.3) .  This  i s  i n  accord wi th  t h e  rh ino  being an animal which 

forms groups r a r e l y  (Section 5.2) and l i v e s  in  h a b i t a t s  where the  v i s i -  

b i l i t y  i s  poor (Section 2.1.5) . 
The g rea t  volume of  t h e  sounds such as t h e  squeak-pant, b l e a t ,  

r o a r  and honk suggest  t h a t  t hey  may func t ion  i n  long d is tance  communi- 

ca t ion ,  although they were recorded mainly during face t o  face  a g o n i s t i c  

i n t e r a c t i o n s  and chases.  Apart from t h e i r  d i r e c t  func t ions  as a d i sp l ay  

o f  s t r eng th  or submission, t hese  loud v o c a l i z a t i o n s  may indeed se rve  as 

long d i s t ance  s i g n a l s  t o  o t h e r  rhinos.  Adult males i n  p a r t i c u l a r  moved 

o f f  in the  d i r e c t i o n  o f  such sounds, which were sometimes recordings 

played back on a tape- recorder  (Sect ion 5.3.1.3) . Adult and' sub-adul t  

females a l s o  moved towards t h e  sounds of f i g h t i n g ,  &d one adu l t  female 

followed a consort p a i r  f o r  almost one hour us ing  a combination of 

o l f a c t o r y  and audi tory  clues.  

In t he  context  of  cour t sh ip  behaviour (Sect ion 5 .5 . 2 ) ,  females may 

inc rease  t h e i r  chances of  be ing  mated by a s t r o n g e r  male i f  t hey  r e s i s t  

copulat ion and a d v e r t i s e  t h e i r  readiness  f o r  copulat ion with loud vocal- 

i z a t i o n ~ .  Strong males, on t h e  o t h e r  hand, may ob ta in  more matings by 

fol lowing t h e  sounds o f  f i g h t i n g  between another  male and a female. I t  

i s  a l s o  poss ib l e  t h a t  a d u l t  females i n  o e s t r u s  may approach a consort 



p a i r ,  being a t t r a c t e d  by both smell and voca l i za t ions :  a  male wi th  a  

female i s  l i k e l y  t o  be a  s t r o n g  male and hence worth mating with.  These 

func t iona l  hypotheses a r e  discussed f u r t h e r  i n  Sect ion 6.2.  

Marler (1955) cmcluded  t h a t  t o  be e a s i l y  l oca t ab le ,  c a l l s  should 

be low frequency, r e g u l a r l y  repeated grunts .  However, long range c a l l s ,  

e s p e c i a l l y  i n  t h i ck  vege ta t ion ,  should be of  high frequency i n  o rde r  t o  

ca r ry  t h e  d is tance .  The squeak-pant, honk and b l e a t  a r e  obviously we l l  

adapted f o r  long d is tance  advertisement;  they  could a l s o  funct ion as 

ind ica to r s  o f  s t r e n g t h  a t  c lo se  q u a r t e r s ,  bu t  t h e  r a r i t y  wi th  which 

adu l t  males use  voca l i za t ions  i n  face  t o  f ace  i n t e r a c t i o n s  does n o t  

support t h i s  hypothesis  (see Section 6.2) .  The moo-grunt, on the  o t h e r  

hand, is  a  low frequency, r egu la r ly  repea ted  s h o r t  range contact  c a l l ,  

bu t  I found it t o  have a  v e n t r i l o q u i s t i c  proper ty  - perhaps merely 

because the  mouth was r a r e l y  opened, and a  moo-grunting rh ino  could even 

continue feeding (Sect ion 5.3.1) . 
Unlike t h e  audi tory  r e p e r t o i r e  o f  most ungula tes ,  t h a t  o f  t h e  rh ino  

appears t o  contain no s p e c i f i c  alarm c a l l ,  although t h e  s n o r t  and sub- 

sequent humphs on f l e e i n g  do serve t o  a l e r t  o t h e r  rh inos  t o  a  d i s tu rb -  

ance. However, although sub-adul ts  a r e  very  jumpy and run a t  t h e  

s l i g h t e s t  d i s turbance ,  most a d u l t  rh inos  a r e  unconcerned about d i s tu rb -  

ances and have developed no responses t o  t h e  alarm c a l l s  of c h i t a l ,  

sambhars, wild p i g s ,  langurs ,  macaques and b i r d s .  This i s  probably a  

r e s u l t  o f  t h e i r  l a rge  body s i z e  which renders  them invulnerable  t o  t h e  

a t t acks  of  predators .  

(b) Visual signals 

The eyesight  of rhinos i s  widely h e l d  t o  be very poor, b u t  r ecen t  

s t u d i e s  on the  v i s u a l  discr iminatory a b i l i t y  of t h e  black h i n o  by 

Fasnacht (1971) i nd ica t ed  t h a t  t h i s  is no t  so o f  t h e  black rhino.  I 



came t o  t h e  conclusion t h a t ,  although Indian rh inos  r a r e l y  look up above 

eye- leve l ,  t h e i r  de t ec t ion  of  movement even aga ins t  a  dark background and 

a t  d i s t ances  of up t o  80 metres was good (Sect ion 2.3.2). 

The main emphasis i n  v i s u a l  s i g n a l s  of rh inos  i s  on d i r e c t  a c t i o n s  

and t h e  d i sp l ay  o f  t h e  dangerous tusks  i n  t h e  lower jaw and the  s i z e  of 

t h e  head i n  f ron t  view. Unlike many o t h e r  ungulates ,  t he re  i s  no broad- 

s i d e  d i sp l ay  (Leuthold, 1977) i n  rhinos.  'Ihis i s  cons i s t en t  with t h e  

closed na tu re  o f  the  h a b i t a t .  The pos tures  a s soc i a t ed  with head t o  head 

confronta t ions ,  such a s  r a i s e d  e a r s  o r  pu l l ed  back e a r s ,  t h e  l i p  c u r l  

which ba re s  t h e  tu sks ,  and the  head-on view o f  t h e  l a rge  b ib  and neck 

fo lds  of t he  adul t  males a r e  a l l  v i sua l  s igna l s .  

A l l  t he  breeding males (Section 5.5.4.2) had very la rge  head-on pro-  

f i l e s  bu t  t h e i r  horns va r i ed  from a 10 cm stump t o  45 ems i n  length 

(P la t e s  13, 41).  The horn may not  be as important i n  d isp lays  and domin- 

ance a s  t h e  s i z e  of t h e  animal. As horns a r e  l o s t  q u i t e  f requent ly  during 

f i g h t s  and even by charging a t  t r e e s  i n  r e d i r e c t e d  aggression,  it could be 

adapt ive f o r  i nd iv idua l  males t o  be ranked on a c t u a l  s i z e  and s t r e n g t h  

r a t h e r  than t h e  s i z e  of  a  temporary attachment such a s  a  horn. Visual 

s i g n a l s  a r e  combined with audi tory  s i g n a l s  i n  a l l  b u t  adu l t  males. ?he 

l a t t e r  seem t o  r e l y  on t h e i r  l a rge  s i z e  and in t imida to ry  slow,' confident  

approach, t oge the r  with accompanying body scen t s  t o  t h rea t en  an tagonis t s .  

men-Smith (1973) noted s i m i l a r  behaviour i n  white rh ino  males. The long 

horns of the  black rh ino  and t h e  white rh ino  c o n t r a s t  s t r i k i n g l y  with t h e  

s h o r t  horns of t h e  Asian rhinos.  They probably developed as long d i s t ance  

v i s u a l  s i g n a l s  s u i t a b l e  f o r  open h a b i t a t s  b u t  i n e f f e c t i v e  i n  f o r e s t s  and 

t a l l  grasslands.  'Ihe woolly rhinoceros (Appendix B) l i ved  i n  t h e  open 

tundra  and had two long horns,  whereas i t s  c l o s e  r e l a t i v e ,  t he  Sumatran 

rh ino  l i v e s  i n  f o r e s t s  and has  very s h o r t  horns (discussed i n  Sect ion 

6.3).  



Apart from d i r e c t  v i sua l  s i g n a l s  t h e r e  a r e  a l s o  poss ib l e  v i s u a l  

components i n  t he  long dragmarks made by t h e  h ind  f e e t  (Section 5.3.2). 

Borner (1977) noted t h a t  t h e  Sumatran rh ino  twists sap l ings  a t  po in ts  

along the  paths  i n  such a way as t o  appear as v i s u a l  s igna l s  t o  o t h e r  

rhinos (Table 6.1; discussed i n  Section 6.3).  

(c) T a c t i l e  

T a c t i l e  contac t  such as rubbing and l i c k i n g  f l a n k s  and heads was 

recorded most f r equen t ly  between cows and calves and between sub-adul ts  

(Section 5.4.1). A l l  such behaviour i s  bond-reinforcing: it occurs 

a l s o  during cour t sh ip  and i s  f requent ly  accompanied by moo-grunts 

(Section 5.4.1)  . 

(d) Ol fac tory  

The r e l ease  and depos i t ion  of s cen t  permi ts  exchange of information 

among animals and i s  p a r t i c u l a r l y  adapt ive i n  c losed  h a b i t a t s  and among 

animals such as t h e  Indian rh ino ,  which have overlapping ranges b u t  t end  

t o  move and forage alone.  The wet n a t u r e  of  t h e  Indian rh inos '  h a b i t a t  

decreases  t he  e f f ec t iveness  of o l f ac to ry  communication but , judging f r o m  

t h e  r eac t ions  of rhinos t o  S cent  marks (Sect ion 5.3.2), t he re  is  no doubt 

o f  i ts  importance. 

The foot-dragging d i sp l ay  has a l ready  been mentioned above with 

re ference  t o  t h e  v i s u a l  component of t h e  drag-mark s i g n a l .  A s  it i s  

usua l ly  accompanied by squ i r t -u r ina t ion ,  it i s  a l s o  o f  obvious o l f a c t o r y  

s ign i f i cance .  Furthermore, t h e  pedal s c e n t  gland (Cave, 1962) i s  prob- 

ab ly  a s soc i a t ed  with t h e  d i sp l ay  and leaves a s c e n t  mark on t h e  up-turned 

e a r t h  and d is turbed  vegetat ion.  I t  is  a l s o  poss ib l e  t h a t  t h e  smell  o f  

f r e s h l y  up-turned e a r t h  and t h e  sap o f  broken branches and barked t r e e s  

draws a t t e n t i o n  t o  such marks (Eisenberg and Kleiman, 1972). 



~ o o t - d r a g g i n g  occurs a l s o  i n  o t h e r  rh ino  spec i e s  ( see  Table 6 .1) ,  

b u t  i t  appears t o  be b e s t  developed i n  t h e  Indian rh ino;  poss ib ly  

because o f  i t s  v i s u a l  s ign i f i cance  i n  a wet environment. I  saw a short 

s t r e t c h  of  drag marks made by a  Sumatran rh ino  i n  Endau Rompin, 

Malaysia, bu t  such behaviour  i s  not  widely r epo r t ed  f o r  t h e  south-eas t  

Asian rh ino  spec ies ;  perhaps no t  s u r p r i s i n g l y ,  s i n c e  t h e  rhinos a r e  

r a r e l y  observed and drag marks do not  p e r s i s t  f o r  long periods.  W t h e  

o t h e r  hand, t h e  Indian rh ino  and the  south-eas t  Asian rh inos  r a r e l y  

scrape  t h e i r  h ind - fee t  i n  t h e i r  dung, as has  f r equen t ly  been repor ted  

f o r  t h e  African h i n o s  (Table 6.1).  Goddard 096%) showed t h a t  rh inos  

could d i s t i n g u i s h  between the  s c e n t  of d i f f e r e n t  i nd iv idua l s  dung 

dragged i n  a  bag behind a Landrover. The pedal  s c e n t  gland of  Rhinoceros 

may have evolved because t h e  s c e n t  of dung on t h e  f e e t  quickly disappears  

i n  a wet environment, and t h e r e  was s e l e c t i o n  pressure  f o r  an a l t e r n a t i v e  

form of scent-marking t o  t h e  impregnation of  t h e  f e e t  with t h e  s c e n t  of  

dung. 

Indian rh inos  o f  a l l  sex and age c l a s s e s  performed fZehmen, and it 

appeared t o  b e  connected wi th  o l f a c t o r y  comn~unication v i a  t he  u r ine  

(Sect ion  5.3.1.3) . Although a l l  u r ine  could contain some chemical s ig -  

n a l s ,  t h e  d i s t i n c t i v e  s q u i r t - u r i n a t i o n  d i sp l ay  which sprays t h e  u r i n e  

onto surrounding vegeta t ion  and over a wide a r e a  was most of ten  performed 

by ' s t rong1  breeding males which a re  i nd iv idua l s  o f  high s o c i a l  s t a t u s  

(c. f. Ra l l s  , 1974) . 
Squ i r t -u r ina t ion  was performed f r equen t ly  during encounters between 

ind iv idua l s  and i n  r eac t ion  t o  t h e  s c e n t  o f  o t h e r  i nd iv idua l s ,  t h e i r  

dung o r  t h e i r  u r ine .  In t h e  l a t t e r  cases ,  it may be viewed as the  

r e s u l t  of an i n d i r e c t  encounter with another  i nd iv idua l  as suggested by 

Schenkel and Schenkel-Hulliger (1969a) f o r  t h e  b lack  h i n o .  s q u i r t -  

u r ina t ion  has  been repor ted  f o r  all spec ies  of  rhinocezos ( ~ u b b a c k ,  1939; 



Goddard, 1966; Schenkel and Schenkel-Hulliger,  1969a, 1969b; h e n -  

smith,  1975; s e e  Table 6.1) .  

The Asian spec i e s  o f  rhinos f r equen t ly  wallow i n  small  pools which 

smell  s t rong ly  of u r ine .  Hoogelnerf (1970) and Schenkel and ~ c h e n k e l -  

Hul l iger  (1969b) concluded t h a t  r egu la r  impregnation o f  t h e  sk in  with 

t h e  smell of a wallow he lps  t o  mark the  pa ths  used by Javan rh inos ,  

which pass  through dense vegetat ion.  In Chitawan the  mud which was 

scraped o f f  onto vegeta t ion  by Indian rh inos  leaving s i m i l a r  wallows 

had a s t rong  smell of u r i n e  and may have had o l f a c t o r y  s i g n i f i c a n c e  f o r  

p a r t  o f  t h e  year .  Weir (1969) repor ted  t h a t  c e r t a i n  clays e f f e c t i v e l y  

b ind  scent :  t hus  u r i n a t i o n  i n  wallows and rubbing o f  mud from wallows 

onto t r e e s  may func t ion  i n  communication between ind iv idua l s  (d iscussed  

i n  Sect ion 6 .3) .  

Dung-piles were used by Indian rhinos o f  a l l  sex and age c l a s s e s  

i n  Chitawan (Section 5.3.2.2), and similar f ind ings  have been repor ted  

f o r  o the r  spec ies  o f  rh inos  (Owen-Smith, 1973). For t h e  white rh ino ,  

dung-piles appear t o  have a t e r r i t o r i a l  marking func t ion  (Owen-Smith, 

1973). However, t h e r e  w a s  no evidence i n  Chitawan t h a t  dung-piles 

were t e r r i t o r i a l  markers, although they probably do i n d i c a t e  t h e  range 

o f  some ind iv idua l  rhinos.  l'he e f f e c t s  o f  s easona l i t y  and f a s t  changes 

in  t h e  vegetat ion on the  movements o f  rhinos a r e  discussed i n  r e l a t i o n  

t o  t e r r i t o r i a l i t y  i n  Sec t ions  6 .1  and 6.3. 

Scent-marks such as dung-piles can be  regarded as bul le t in-boards  

which a i d  i n  i nd iv idua l  spacing and convey information on the  reproduct-  

i v e  s t a t e  of i nd iv idua l s .  There w a s  evidence t h a t  t h e  ur ine  o f  both 

oes t rous  female Indian rh inos  and breeding males was o f  more i n t e r e s t  

t o  males and females r e spec t ive ly ,  than the  u r ine  o f  non-oestrous 

females o r  non-breeding males (Section 5.3.2.3). 

Dung-piles and s i t e s  o f  s q u i r t - u r i n a t i o n  were concentrated at 



wallows, t h e  junc t ions  of pa ths  and a t  borders  between h a b i t a t  types - 

p a r t i c u l a r l y  at borders  between f o r e s t  and grass land .  S imi l a r  obser- 

va t ions  have been repor ted  by P e t e r  Jarman ( p e n .  corn.,  1978) f o r  

var ious  spec ies  of macropods, and Buechner e t  aZ. (1975) repor ted  t h a t  

a capt ive  male R. micon i s  commonly s q u i r t - u r i n a t e d  on cross ing  the  

th re sho ld  between h i s  shed and h i s  o u t e r  enclosure.  Focal po in ts  i n  t h e  

environment and t h e i r  importance f o r  s o c i a l  communication a r e  discussed 

in Sect ion 6 . 3 .  

Displays and i n t e r a c t i o n s  between rh inos  a r e  discussed i n  m r e  

d e t a i l  i n  Sec t ions  6 . 2  and 6 . 3  with  re ference  t o  t h e  o t h e r  rh ino  spec ies  

and t h e i r  evolut ion.  

5.8 Summary 

3 
1. Rhinos a r e  predominantly s o l i t a r y :  only 9.6% of observat ions were 

of groups o t h e r  than s i n g l e  i nd iv idua l s  o r  cow-calf p a i r s .  

2 .  The most f requent  types o f  group cons i s t ed  o f  two o r  more sub-adul t s  - 

most f r equen t ly  sub- adu l t  males. Adult males very r a r e l y  assoc ia ted  

wi th  o t h e r  rh inos ,  and adu l t  females only d i d  so wi th  sub--adults. 

3. Ten d i f f e r e n t  voca l i za t ions  were i d e n t i f i e d .  Many a r e  of  high in t en -  

s i t y  and used t o  maintain spacing between i n d i v i d u a l s ,  and poss ib ly  

t o  adve r t i s e  t he  loca t ion  o f  f i gh t s .  There is  no  s p e c i f i c  alarm c a l l .  

4. Olfactory comunica t ion  i s  important t o  rhinos.  Scents  a r e  c a r r i e d  

i n  t he  u r ine ,  t h e  dung and the  pedal scent-glands.  Adult males s q u i r t  

The use of  t h e  p re sen t  t e n s e  is  f o r  convenience i n  summarizing t h e  main 
f ind ings :  it should n o t  be regarded as  s i g n i f y i n g  genera l  conclusions 
app l i cab le  ou t s ide  t h e  a r e a  o r  per iod  of t h e  s tudy.  



t h e i r  u r ine  and drag t h e i r  f e e t  i n  a  d i sp l ay  n o t  performed by t h e  

females o r  t h e  sub-adul ts .  

5. The emphasis i n  v i s u a l  d i sp lays  i s  on t h e  head-on view of t h e  neck 

fo lds  and bib and t h e  la rge  tu sks  i n  t h e  lower jaw. There i s  no  

l a t e r a l  o r  broadside display.  

6 .  T a c t i l e  communication involves rubbing and l i ck ing ,  and i s  most 

f requent  i n  p lay  and peaceful  i n t e r a c t i o n s  between cows and ca lves ,  

sub-adul ts  and cour t ing  pa i r s .  I t  i s  o f t e n  accompanied by low 

i n t e n s i t y  voca l i za t ions .  

7 .  Agonis t ic  i n t e r a c t i o n s  a r e  most f requent  between adul t  males and 

between cows wi th  calves.  Attacks on sub-adul t  males by adu l t  males 

a r e  a l s o  f requent .  F ights  between males o f t e n  end i n  death t o  one 

o f  t he  conbatants.  Agonist ic  behaviour  a l s o  p lays  a la rge  p a r t  i n  

cour t sh ip .  

8. The i n i t i a l  s t ages  o f  courtship a r e  p a r t i c u l a r l y  aggressive: t h e  

male chases t h e  female over  long d i s t ances  and they  join i n  f ace  t o  

face  combat. Loud voca l iza t ions  a r e  used throughout,  e s p e c i a l l y  by  

the female. La ter  s t a g e s  of cour t sh ip  a r e  peaceful ,  and copulat ion 

l a s t s  ove r  an hour. A f t e r  copulat ion the  male s t ays  wi th  t h e  female 

f o r  one o r  two days bu t  does n o t  copulate  again. 

9. Pregnant females become p a r t i c u l a r l y  aggressive s h o r t l y  before  and 

f o r  t h e  first yea r  a f t e r  the  b i r t h  of a  c a l f .  Cows o f t en  leave very 

young calves while  they feed some d i s t ance  away. 

10. Calves a r e  i n q u i s i t i v e  and spend long per iods  playing with ob jec t s  

i n  t h e i r  environment and approaching o t h e r  rhinos.  Mothers dis- 

courage such contact  by a t tacking  t h e  o t h e r  rhinos. 



11. Female ca lves  leave  t h e  mother e a r l i e r  than  male calves.  The 

l a t t e r  a r e  o f t e n  a t t acked  by a d u l t  males, and sometimes k i l l e d .  

Male calves,  on f i n a l l y  leaving t h e  mother, a re  more l i k e l y  t o  

a s s o c i a t e  with o t h e r  young males than a r e  female calves.  They 

a r e  l e s s  l i k e l y  t o  be  a t tacked  by a d u l t  males when i n  a  group 

than when alone.  

12. The most aggress ive  adu l t  females l i v e  i n  t he  b e s t  p a r t s  of t h e  

s tudy  a r e a ,  i.e. i n  t h e  p a r t s  with t h e  g r e a t e s t  h a b i t a t  d i v e r s i t y  

where t h e r e  i s  a l s o  t h e  h ighes t  populat ion dens i ty  of rhinos.  

13. Adult males can be  d iv ided  i n t o  two types.  Weak males do n o t  

d i sp lay ,  r a r e l y  i n i t i a t e  a g o n i s t i c  i n t e r a c t i o n s  with o t h e r  males, 

and r a r e l y  court females. Strong males, on t h e  o t h e r  hand, d i sp l ay  

r egu la r ly ,  a t t ack  o t h e r  males - e s p e c i a l l y  s t r ange  s t rong  males - 

and cour t  and mate w i t h  females. 



6 .  DISCUSSION ON ECOLOGY AND BEHAVIOUR 

The following d iscuss ion  i s  i n  t h r e e  main p a r t s .  I  consider  first, 

temporal- and s p a t i a l  v a r i a t i o n s  i n  resource a v a i l a b i l i t y  and how these  

a f f e c t  t h e  ranging behaviour of  rhinos.  I  then  d iscuss  ind iv idua l  d i f -  

ferences i n  behaviour and consider  how t h e s e  d i f f e r ences  a f f e c t  i nd iv idua l  

and inc lus ive  f i t n e s s .  Thirdly,  I d iscuss  t h e  evolu t ion  of t h e  observed 

p a t t e r n s  o f  behaviour,  considering t h e  r e l a t i o n s h i p s  between s o c i a l  

o rganisa t ion  and ecology among ungulates gene ra l ly  and a k n g  rhinos i n  

p a r t i c u l a r .  

6 .1  Var ia t ions  i n  t h e  d i s t r i b u t i o n  of  resources and t h e i r  e f f e c t s  

on t h e  d i s t r i b u t i o n  of rhinos 

6 .1 .1  Temporal 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 d i e t  

The d i v e r s i t y  of  vege ta t ion  types wi th in  small a reas  i s  cha rac t e r -  

i s t i c a l l y  high i n  a l l u v i a l  p l a i n  environments; and the  e f f e c t s  of man and 

h i s  domestic s tock f u r t h e r  increase  t h e  d i v e r s i t y  (Wharton, 1968; Eisenberg 

and Lockhart, 1972). The in t e r spe r s ion  o f  d i f f e r e n t  vege ta t ion  types  i n  

Chitawan r e s u l t s  i n  a  very uneven d i s t r i b u t i o n  of  rh ino  food, and t h e  

a v a i l a b i l i t y  of food i s  a l s o  a f f ec t ed  g r e a t l y  by seasonal  v a r i a t i o n s  i n  

t h e  weather, and by f loods ,  f i r e s  and t h e  a c t i v i t i e s  of o the r  animals,  

inc luding  man (Section 2.1). 

?he patchy and v a r i a b l e  d i s t r i b u t i o n  o f  food r e s t r i c t s  t he  poss ib l e  

d i e t  of rh inos  in  any season and loca t ion  (Fig. 4.3). The rh inos '  d i e t  

changed seasonally,and movements between h a b i t a t  types r e su l t ed  i n  a  more 

var ied  d i e t  (Section 4.3.4). Seasonal changes i n  t h e  use of  ranges were 

r e l a t e d  t o  t h e  d i s t r i b u t i o n  and seasonal a v a i l a b i l i t y  of  d i f f e r e n t  food 

types  i n  t h e  study a rea  (Section 4.3.4). 'Ihe immediate i n f lux  of rh inos  



t o  t a l l  g r a s s  a r e a s  a f t e r  f i r e s ,  and t h e  movements o f  rh inos  t o  t h e  

scrubby a reas  along t h e  r iver-beds and t h e  c u l t i v a t e d  land,during t h e  

monsoon, a r e  examples o f  such seasonal  changes. Grass fires occurred 

seasonal ly  i n  t h e  t a l l  grass land ,  b u t  t h e  d i s t r i b u t i o n  o f  burns was 

pa tchy  and d i f f e r e d  from year  t o  year .  Rhinos quick ly  found newly 

burned patches and immediately a t e  t h e  char red  g ra s s  s t a l k s  and l i cked  

t h e  ash from t h e  s t a l k s  (Section 4.3.4). Some shrubs such a s  CoZebmokia 

oppos i t i foz i a  were ea ten  only when charred: s i m i l a r  observat ions were 

r epo r t ed  by Goddard (1968) f o r  t h e  black rh ino .  

Apart from t h e  seasonal  changes i n  d i s t r i b u t i o n  of  food, t h e r e  were 

more permanent changes r e s u l t i n g  from eros ion  during t h e  monsoon f loods  

4 
(Section 2.1.4).  Large a reas  o f  r i v e r i n e  f o r e s t  o r  grass  land were 

r a p i d l y  transformed i n t o  b a r e  sandbanks which were l a t e r  recolonized by 

grasses ,  herbs,  shrubs and, eventua l ly ,  t r e e s  (Section 2 .l .5) . 
The s p a t i a l  v a r i a t i o n s  i n  s o i l  types  (Sect ion 2.1.2), t h e  monsoonal 

c l imate  and the  a c t i o n  of  fires and f loods  combine t o  make t h e  d i s t r i -  

bu t ion  o f  food r a t h e r  unpredictable .  The same i s  t r u e  t o  a l e s s e r  ex- 

t e n t  of  t h e  d i s t r i b u t i o n  o f  wallows and mineral  l i c k s .  

6.1.2 Movements and ranges 

Die ta ry  d i v e r s i t y  was maintained throughout t h e  year  (Section 4.3): 

rh inos  adopted temporary d a i l y  movement p a t t e r n s ,  v i s i t i n g  d i f f e r e n t  food 

sources ,  bu t  they  appeared t o  discover  new sources of  food very quickly,  

presumably by moving r e g u l a r l y  around t h e i r  ranges (Sect ions 4.6 and 

4.7.2) . The a v a i l a b i l i t y  o f  wallows a l s o  inf luenced  movement pa t t e rns :  

a f t e r  one wallow was washed away by f loods ,  rh inos  i n  t h e  Sauraha s tudy  

A t  t h e  he igh t  of  t h e  f loods  t h e  Rapti  was car ry ing  approximately 
1,500 l a rge  t r e e s  p e r  day pas t  Saurah (57% Trewia nudif lora  and 
25% Bcmbax ce iba )  . 



a r e a  used previous ly  unv i s i t ed  wallows more than  h a l f  a ki lometre  d i s t a n t .  

The g r e a t e s t  concent ra t ions  of rhinos were i n  the  border  a reas  of 

t h e  park where t h e r e  was maximum d i v e r s i t y  and i n t e r s p e r s i o n  of h a b i t a t  

types (Sect ions 2.1.5 and 3.5). There a l s o  appeared t o  be a c o r r e l a t i o n  

( inverse)  between h a b i t a t  d i v e r s i t y  and range s i z e s .  Habitat  d i v e r s i t y  

i s  g r e a t e s t  i n  t he  c e n t r a l  blocks of t h e  Sauraha s tudy a rea  where c u l t i -  

va ted  land,  scrub, r i v e r i n e  f o r e s t ,  s a l  f o r e s t ,  t a l l  and sho r t  g rass land  

and r iver-beds a l l  in te rmingle  (Sections 2.1.5 and 4.6.1). In Sec t ion  

4 . 6 . 3 . 2  I showed t h a t  rh inos  whose ranges were cent red  i n  these  b locks  

had smal le r  ranges, on average, than rh inos  whose ranges were cent red  i n  

ou t ly ing  blocks with a lower d i v e r s i t y  of h a b i t a t  types .  Possibly t h e  

d i s t ances  which rhinos have t o  move between h a b i t a t  types  t o  t ake  advan- 

t age  of  t h e  seasonal  a v a i l a b i l i t y  of  resources  such a s  food, wallows o r  

mineral l i c k s ,  determine the  s i z e s  o f  t h e i r  ranges. 

In a reas  where the  degree o f  i n t e r s p e r s i o n  o f  h a b i t a t  types  is  h igh ,  

i t  i s  t o  be expected t h a t  rh inos  can s a t i s f y  t h e i r  requirements f o r  food, 

water ,  minerals  and wallows within a smal le r  range than i n  a reas  o f  more 

uniform h a b i t a t  type .  Thus, although t h e  scrub and r iver -bed  h a b i t a t s  

i n  the  e a s t  o f  the  Sauraha s tudy  a rea  a r e  very product ive o f  food at 

c e r t a i n  t imes of  year ,  t h e  va r i e ty  of h a b i t a t  types  i s  not a s  g rea t  a s  

i n  t h e  c e n t r a l  blocks, and lh inos  a r e  forced t o  move f u r t h e r  ( e spec i a l ly  

during t h e  spr ing)  i n  o r d e r  t o  s a t i s f y  t h e i r  resource requirements,  and 

t h e i r  ranges a r e  l a r g e r .  

Although an animal might be ab le  t o  s a t i s f y  i t s  requirements f o r  

food, water ,  minerals  and wallowing by cont inua l  wandering over new 

ground, it i s  probably an advantage t o  be f a m i l i a r  with one a rea  and 

t h e  d i s t r i b u t i o n  of  resources within t h a t  a r ea .  Such f a m i l i a r i t y  can 

be expected t o  r e s u l t  i n  more e f f i c i e n t  e x p l o i t a t i o n  o f  t he  resources 

and more succes s fu l  escapes from preda tors  (Leuthold, 1977). In  t h e  case 



of the  Indian rh ino ,  with a r a t h e r  unpredic tab le  environment, some degree 

of wandering i s  expected t o  be  s e l e c t e d  f o r ,  a l though I found t h a t  most 

rh inos  d id  s t i c k  t o  p a r t i c u l a r  ranges over  t h e  s tudy  period.  

6 .l. 2.1 Comparisons o f  ranging behaviour wi th  o t h e r  spec i e s  

The s i z e s  and loca t ions  o f  ranges quoted f o r  d i f f e r e n t  s t u d i e s  o f  

animals a r e  of ten  d i f f i c u l t  t o  conpare with each o t h e r  because of  d i f f e r -  

ences i n  t h e  methods of  determinat ion of ranges and t h e  time span over  

which they  were determined. Jewell  (1966) def ined  the  h e  range of  an 

animal a s  t h e  a r e a  over  which i t  normally t r a v e l s  i n  p u r s u i t  o f  i t s  

rou t ine  a c t i v i t i e s .  Geis t  (1971) considered t h a t  migrat ing spec ies  had 

seve ra l  seasonal  home ranges wi th  f i x e d  rou te s  o f  t r a v e l  connecting them. 

Jewel l  (1966) considered t h e  sum of a l l  t he se  ranges inc luding  t h e  rou te s  

a s  t h e ' l i f e - t i m e  range' and Jay  (1965) tenned it t h e  'annual range1 .  When 

determining t h e  ranges of  i nd iv idua l  rh inos ,  I took i n t o  account a l l  

l o c a t i o n s  during the  s tudy  per iod .  For almost a l l  animals t h e  annual 

range was t h e  same as t h e  s tudy per iod  (3% years )  range (Section 4.6.3.5).  

However, t h e  ranges of  rh inos  a s  def ined i n  t h i s  r e p o r t  (Section 4.6.3.1) 

a r e  smal le r  than  annual ranges determined by inc lud ing  a l l  l oca t ions  o f  

p a r t i c u l a r  i nd iv idua l s  (e.g. Goddard, 196%; Owen-Smith, 1973). 

Jarman (1974) showed t h a t  t h e  movement p a t t e r n s  o f  antelopes a r e  

a f f e c t e d  by t h e  degree o f  d i spers ion  o f  food i tems and 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  and d i s t r i b u t i o n .  In general  t h e r e  a r e  

fewer f l u c t u a t i o n s  i n  t h e  food supply i n  f o r e s t s  than  i n  grasslands.  

Thus small fores t -dwel l ing  browsers which have a spa r se ly  s c a t t e r e d  b u t  

r e l a t i v e l y  constant  food supply a re  commonly sedentary;  whereas t he  

l a rge  grazers  with a s easona l ly  f l u c t u a t i n g  food supply a r e  more mobile, 

and o f t e n  e x h i b i t  seasonal  migrations (Jarman, 19 74) . 
Hitchins (1971) found home range s i z e s  of  5 .8  - 7.7 km2 f o r  t h r e e  



black rhino cows i n  Hluhluwe. These a r e  s l i g h t l y  smal le r  than t h e  5.3 - 

9.6 km2 home ranges o f  white rhino cows i n  Umfolozi (Owen-Smith, 1973). 

However, t h e r e  a r e  cons iderable  v a r i a t i o n s  wi th in  spec i e s  according t o  

h a b i t a t  type (see Table 6 . 1 ) .  For i n s t ance ,  Goddard (196%) showed 

t h a t  black rhinos around Ngorongoro had home ranges of 2.5 km2 i n  t h e  

Lerai  f o r e s t ,  15 km2 i n  t h e  surrounding grass land  and up t o  88 km2 a t  

Olduvai i n  dry thorn-scrub.  Hitchins (1969) found a home range s i z e  of 

only 3 km2 f o r  a black rh ino  cow inhab i t i ng  mainly t h i c k e t ,  compared wi th  

5 km2 f o r  a cow i n  nearby savanna, and Owen-Smith (1973) showed t h a t  

white  rh ino  cows f e d  over a wider a r e a  during the  dry season than t h e  

wet season-up t o  more than 20 km2. 

Owen-Smith (1973) concluded t h a t  white rhino female home ranges i n  

favourable h a b i t a t  tended t o  be l a r g e r  than  those  o f  black rh inos  under 

s i m i l a r  condi t ions,  and he  pos tu la ted  t h a t  t h e  d i f f e r ence  could be r e l a t e d  

t o  t he  white r h i n o ' s  l a r g e r  body s i z e  and t h e  advantages t o  a g raze r  of  

being oppor tun i s t i c  i n  i t s  movement p a t t e r n s  and thus  discovering t h e  

unpredictable  v a r i a t i o n s  i n  food supply t y p i c a l  of  grasslands.  

Sumatran and Javan rhinos feed l a r g e l y  on sap l ings  and shrubs i n  

r a i n f o r e s t  (Table 6 .1) .  Such food i s  widely s c a t t e r e d ,  and the  home 

ranges of t hese  spec i e s  appear t o  be correspondingly l a rge  (Table 6 .1 ) .  

However, t h e  feeding behaviour of t h e  south-eas t  Asian rhinos i s  adapted 

t o  improve the  food supply. Both spec ies  commonly feed  by bending sap l ings  

over u n t i l  they break: on subsequent v i s i t s  t o  t h e  s i t e ,  t h e  rh inos  feed 

from t h e  shoots  growing from t h e  bent over s ap l ings  (Hoogerwerf, 1970; 

Borner, 1977; Laurie,  unpubl. data) . Simi l a r  behaviour was observed i n  

Chitawan in Indian rh inos ,  although it probably d id  not  increase  the  food 

supply s i g n i f i c a n t l y  (Section 4.3.6). 

I t  appears t h a t  r a i n f o r e s t  rh inos  have l a rge  home ranges t h a t  i n -  

clude various good feeding areas  which a r e  r e v i s i t e d  a t  i n t e r v a l s  o f  



seve ra l  weeks. Hoogemerf (1970) r epo r t ed  t h a t  Javan rh inos  o f t en  walked 

seven t o  e i g h t  k i lomet res  i n  one n igh t  and probably up t o  20 k m  i n  a 

s i n g l e  day, bu t  they  a l s o  s tayed  up t o  s eve ra l  days wi th in  a h a l f  km2 i f  

the re  was a p a r t i c u l a r l y  r i c h  food source. Occasional l ands l ip s  cause 

gaps i n  t h e  canopy, and r e s u l t  i n  profuse growth o f  secondary vege ta t ion  

on which Javan rh inos  feed  (Schenkel and Schenkel-Hulliger,  1969b; 

Hoogerwerf, 1970; Laurie,  unpubl. d a t a ) .  Borner (1977) repor ted  t h a t  

Sumatran rh inos  walked up t o  seven kms p e r  day and he suspected t h a t  

t h e i r  home ranges were i n  excess  of 20 km2. 

The south-east  Asian spec i e s  o f  rh ino ,  p a r t i c u l a r l y  t h e  Sumatran 

spec ies ,  a r e  sma l l e r  than  the  African and Indian spec ies  (Table 6.1) . 
This  conforms wi th  Jarman's (1974) gene ra l i za t ion  f o r  African an te lopes  

t h a t  browsers a r e  sma l l e r  than grazers .  However, Jarman (1974) a l s o  

found t h a t  grazers  gene ra l ly  have l a r g e r  ranges than  browsers: t h i s  

does n o t  hold f o r  t h e  r a i n f o r e s t  rh inos ,  presumably because food is 

p a r t i c u l a r l y  sparse  near  t he  ground i n  r a i n f o r e s t  (Whitmore, 1975) and 

a l a rge  range i s  t h e r e f o r e  e s s e n t i a l .  Although both t h e  Javan and 

Sumatran rhinos i n h a b i t  r a i n f o r e s t  today, t h e r e  i s  evidence f o r  previous 

ecologica l  separation,which i s  discussed i n  Sec t ion  6.3. 

Indian rhinos a r e  mixed grazers  and browsers and thus ,  by seasonal  

changes i n  d i e t  and h a b i t a t  use,  l i v e  i n  ranges,  t h e  s i z e s  of which a r e  

inf luenced l a r g e l y  by h a b i t a t  d i v e r s i t y .  The s i z e s  o f  ranges given i n  

Sec t ion  4.6.3.1 a r e  sma l l e r  than t h e  t o t a l  ranges quoted f o r  o t h e r  rh ino  

spec ies ,  a s  a r e s u l t  o f  t h e  method o f  c a l c u l a t i o n  (Section 4.6.3) .  

Allowing f o r  t h i s ,  t h e  ranges of  adu l t  female Indian rh inos  a r e  about 

t h e  same s i z e  o r  s l i g h t l y  l a r g e r  (up t o  21.3 km2) than  those o f  white 

rh ino  females (Owen-Smith, 1973), b u t  a d u l t  male Indian rh inos  have 

considerably l a r g e r  ranges than  white  rh ino  males. Breeding white  rh ino  

b u l l s  hold t e r r i t o r i e s  of  between 0.8 and 2.6 km2 i n  which they  maintain 



exclus ive  mating r i g h t s  (Owen-Smith, 1975). In Chitawan, however, such 

small  t e r r i t o r i e s  could not  include a l l  the h a b i t a t  types requi red  by a 

rh ino  throughout t h e  year .  Furthermore, annual f loods i n  Chitawan 

change t h e  h a b i t a t  d i s t r i b u t i o n  so much t h a t  permanent male t e r r i t o r i e s  

such a s  t h e  white rh ino '  S a r e  not  p o s s i b l e  f o r  t h e  Indian rh ino  ( f u r t h e r  

discussed i n  Sec t ion  6.3.3).  

6.2 The s e l e c t i v e  consequences of  i nd iv idua l  d i f fe rences  i n  

behaviour p a t t e r n s  

Darwin (1859) he ld  t h a t  both behaviour and morphology were sub jec t  

t o  n a t u r a l  s e l e c t i o n  a c t i n g  on ind iv idua l  d i f f e r ences  i n  reproduct ive 

success.  Wynne-Edwards (1962) suggested t h a t  d i f fe rences  i n  s o c i a l  

behaviour evolved i n  order  t o  con t ro l  populat ion s i z e  within t h e  limit 

s e t  by t h e  food supply, and t h a t  t h i s  was p o s s i b l e  through interdemic 

o r  'group'  s e l e c t i o n  f o r  a l t r u i s t  genes. He implied t h a t  some ind iv idua l s  

would a c t  t o  t h e i r  own detriment bu t  t o  t h e  bene f i t  of t he  species  o r  t h e  

population. I t  has  s ince  been demonstrated t h a t  although interdemic 

s e l e c t i o n  can t ake  place,  t h e  necessary condi t ions ,  namely small  groups 

with low migrat ion r a t e s ,  occur only r a r e l y  (Wilson, 1974; Maynard- 

Smith, 1976). However, it i s  poss ib le  t h a t  i nd iv idua l s  would be s e l e c t e d  

t o  behave i n  such a way t h a t  they decreased t h e i r  ind iv idua l  f i t n e s s  b u t  

increased t h e i r  i n c l u s i v e  f i t n e s s  (Hamilton, 1964) by ac t ing  a l t r u i s t i c -  

a l l y  towards c lose  r e l a t i v e s  (Hamilton, 1963; Williams, 1966). Since 

ind iv idua ls  share  a l a rge  proport ion of t h e i r  genes with c lose  r e l a t i v e s ,  

they  can ensure t h e  r e p l i c a t i o n  of some of t h e i r  own genes by a s s i s t i n g  

c lose  r e l a t i v e s  t o  reproduce. 

Ind iv idua l  f i t n e s s  i s  inf luenced by d i f f e rences  i n  su rv iva l ,  repro-  

duc t ive  output ,  progeny v i a b i l i t y  and progeny q u a l i t y  a t  matur i ty  



(Hamilton, 1963; Crook, 1972). However, behaviour t h a t  maximizes f i t n e s s  

can be expected t o  vary  markedly between t h e  sexes and between d i f f e r e n t  

age c l a s s e s  (Tr ivers ,  1972). Females, un l ike  males, cannot have o f f -  

spr ing  by success ive  matings, and e r r o r s  i n  mate s e l e c t i o n  a r e  t h e r e f o r e  

more se r ious  f o r  females than  f o r  males. I t  i s  expected, t he re fo re ,  t h a t  

females w i l l  e x h i b i t  g r e a t e r  s e l e c t i v i t y  i n  mating and w i l l  p r e f e r  males 

l i k e l y  t o  con t r ibu te  genes t h a t  w i l l  i nc rease  t h e i r  o f f sp r ing ' s  v i a b i l i t y  

and q u a l i t y  a t  matur i ty  (Fisher ,  1958; Maynard-Smith, 1958). 

Mate s e l e c t i o n  by t h e  females can a l s o  be inf luenced by t h e  more 

immediate r o l e  of t h e  male i n  increas ing  t h e  o f f s p r i n g ' s  chances of  

s u r v i v a l  by providing food, defending a t e r r i t o r y  o r  p ro t ec t ing  both t h e  

female and the  o f f sp r ing  from predat ion (Orians,  1969). I t  follows t h a t  

a male on a supe r io r -qua l i t y  h a b i t a t  w i l l  a t t r a c t  more and more females 

u n t i l  the  increased  number of  females i n  t h e  a r e a  decreases t h e  a t t r a c t -  

iveness  of t h e  male and t h e  a rea ,  and makes advantageous a monogamous 

mating with a male on poorer  h a b i t a t  (Verner and Willson, 1966). In most 

mammals, the  male p lays  a very  minor r o l e  i n  t h e  care  of t h e  o f f sp r ing  

and, a s  expected from t h e  arguments above, monogamy i s  r e l a t i v e l y  r a r e  

(Eisenberg, 1966). 

I examine below d i f f e rences  i n  ranging behaviour and p a t t e r n s  of  

i n t e r a c t i o n s  between and wi th in  each sex  and age c l a s s  of rh inos .  Af t e r  

considering d i f f e r ences  i n  ranging behaviour,  I  consider  t he  i n t e r a c t i o n s  

of  a d u l t  females f i rst ,  because i t  i s  t h e i r  d i s t r i b u t i o n  and movements 

which l a rge ly  inf luence  t h e  reproduct ive s t r a t e g i e s  adopted by males 

(Jarman, 1974) . 

6.2.1 Differences i n  ranging behaviour 

Not a l l  d i f f e r ences  i n  ranging behaviour can be  explained by t h e  

d i s t r i b u t i o n  of resources  i n  d i f f e r e n t  a r eas  (Section 6.1). m e r e  were 



some d i f f e rences  which appeared t o  be s o c i a l l y  induced. For example, 

sub-adult  males were r e s t r i c t e d  t o  scrubby a r e a s  away from t h e  c e n t r a l  

blocks of the  Sauraha study area;  and both breeding and sub-adult  females 

were more common i n  t h e  c e n t r a l  blocks where t h e  d i v e r s i t y  of h a b i t a t  

types was g r e a t e s t  (Sections 3.5 and 4.6.3.3). 

Adult males were more widely d i s t r i b u t e d  than  sub-adult  males b u t  

they were r e l a t i v e l y  sca rce r  i n  the a r eas  of  h ighes t  adu l t  female dens i ty .  

The adu l t  sex r a t i o  i n  t h e  Tiger  Tops s tudy a r e a  was one t o  one b u t  a t  

Sauraha, where t h e  populat ion dens i ty  was 75% higher  than t h a t  a t  T ige r  

Tops, t h e  a d u l t  s ex  r a t i o  was almost two females t o  one male (Section 

3.6.3). The males l i v i n g  i n  the  b e s t  a reas  f o r  resources  appeared t o  b e  

t h e  s t ronges t  ones (Section 5.6.4.2). 

Crook (1970) and Eisenberg and Lockhart (1972) suggested t h a t  it i s  

adapt ive f o r  male animals t o  reduce t h e  competit ion f o r  forage between 

o the r  i nd iv idua l s  and t h e  females which w i l l  b e a r  t h e i r  o f fspr ing .  I t  

could a l s o  be adapt ive  f o r  males t o  reduce competit ion by assuming d i f -  

f e r e n t  food h a b i t s  from t h e  females (Geist ,  1974). Gaardarsson and Moss 

(1970) found t h a t  during t h e  breeding season, Ice landic  ptarmigan 

(Lugopus mutus) had d i f f e r e n t  food h a b i t s  according t o  sex, and t h a t  bo th  

sexes occupied the  same h a b i t a t  types.  

However, by excluding o the r  males, a breeding male not  only reduces 

feeding  competit ion, b u t  a l s o  competition f o r  mating with females. 

Competition between males f o r  females appears t o  be t h e  most l i k e l y  

explanat ion of t he  h igher  number of  females in many spec ies .  Walther 

(1964) descr ibed d i f f e rences  i n  the s p a t i a l  d i s t r i b u t i o n  of  male and 

female Thomson's gaze l les :  t e r r i t o r i a l  males s taked out la rge  t e r r i -  

t o r i e s  i n  t h e  home ranges of  females,and r e l ega t ed  bachelor  herds t o  

l e s s  good h a b i t a t s .  Divis ion of  h a b i t a t  u t i l i z a t i o n  between males and 

females has a l s o  been noted f o r  bu f fa lo  i n  S r i  Lanka (Eisenberg and 



Lockhart, 1972), f o r  t h e  mountain goats  and mountain sheep of North 

America (Geist ,  1971), and f o r  the  Asian e lephant  (Ol iv ie r ,  1978). 

Owen-Smith (1975) repor ted  t h a t  t e r r i t o r i a l  white  rh ino  males 

reduced competit ion f o r  mating by maintaining dominance over o t h e r  

males within t h e i r  t e r r i t o r i e s  (see Sec t ion  6.3.5) ,  bu t  t he re  was no 

exclusion of  subordinate  males from t e r r i t o r i e s ,  and hence no reduct ion 

of feeding competition. A s  female white  rh inos  a r e  not  r e s t r i c t e d  t o  

a male 's  t e r r i t o r y ,  t h e r e  i s  l i t t l e  advantage t o  a t e r r i t o r i a l  male i n  

reducing t h e  number of subordinate  males feeding  i n  h i s  t e r r i t o r y .  

In Chitawan, i t  i s  poss ib l e  t h a t  r e l e g a t i o n  of sub-adul t  male 

rh inos  t o  a r eas  o f  i n f e r i o r  h a b i t a t  reduces competit ion f o r  forage i n  

t h e  a r eas  o f  b e s t  h a b i t a t .  However, i t  seems more l i k e l y  t h a t  d i f f e r -  

ences i n  ranging behaviour a r e  more c l o s e l y  r e l a t e d  t o  mating opportun- 

i t i e s  (discussed i n  Sect ion 6.2.2) . 
Competition between a d u l t  females (Sect ion 5.6.4.1) could be t h e  

cause of  d i f f e r ences  i n  t h e i r  ranges. Although food i s  abundant i n  

Chitawan, i t s  patchy and va r i ab l e  d i s t r i b u t i o n  means t h a t  competit ion 

could occur a t  small  temporary food sources.  However, t h e r e  was no e v i -  

dence o f  such competit ion except a t  foca l  p o i n t s  o f  t he  environment such 

a s  wallows. The advantages t o  a female o f  l i v i n g  i n  t h e  a r eas  o f  most 

va r i ed  and high q u a l i t y  h a b i t a t s  f a l l  i n t o  two main c l a s se s .  F i r s t l y ,  

cows a r e  l i k e l y  t o  increase  t h e i r  chances o f  r e a r i n g  a c a l f  because bo th  

cow and c a l f  can feed  themselves b e t t e r  than i n  poorer  q u a l i t y  h a b i t a t s .  

Secondly, t h e  s t ronges t  a d u l t  males l i v e  in t h e  b e s t  a reas ,  and ca lves  

s i r e d  by them a r e  l i k e l y  t o  i n h e r i t  q u a l i t i e s  which improve t h e i r  chances 

of reproduct ion (Section 6.2.2.1) . 



6.2.2 Differences i n  pa t t e rns  of  i n t e r a c t i o n s  

6.2.2.1 Adult females 

A female rh ino  g ives  b i r t h  only once every t h r e e  o r  four  years  and 

may produce a m a x i m  o f  perhaps n ine  o f f s p r i n g  i n  h e r  l i f e t i m e  (Sect ion 

3.7) . A s  explained above, females a r e  expected t o  s e l e c t  t h e i r  mate more 

ca re fu l ly  than  males, and t o  inves t  cons iderable  energy i n  t h e  care  and 

r e a r i n g  o f  each c a l f .  

(a) Mate s e l e c t i o n  

A notable  f e a t u r e  o f  cour t sh ip  i n  Indian rh inos  i s  t h a t  it is  ex- 

tremely aggressive,  t he  male often chasing and f i g h t i n g  with t h e  female 

repea ted ly  before mating occurs.  Although cour t sh ip  i n  ungulates  o f t e n  

conta ins  an element o f  aggressive behaviour,  and t h e  male commonly d r ives  

t h e  female (Fraser ,  1968; Leuthold, 1977)) unmit igated aggression is  un- 

usual (Leuthold, 1977). S imi la r  behaviour has  been observed i n  t he  black 

rh ino  (Guggisberg, 1966), b u t  is  considerably r a r e r  i n  both t h e  African 

rh inos  (Owen-Smith, 1973) ( f u r t h e r  discussed i n  Sec t ion  6.3.5).  

In  t h e  Indian h i n o ,  t he  chases and f i g h t s  were noisy, and t h e  loud 

voca l i za t ions  of  t he  female adver t i sed  the  cou r t sh ip  over a r ad ius  o f  a t  

l e a s t  one ki lometre ,  wi th  t he  r e s u l t  t h a t  s t r o n g  males i n  t h e  v i c i n i t y  

were a t t r a c t e d  t o  t h e  cou r t ing  p a i r  (Section 5 .7 ) .  Thus, 'apart  from 

d i r e c t l y  t e s t i n g  t h e  male 's  s t rength ,  one of  t h e  func t ions  of  t h e  long, 

no isy  chases and f i g h t s  could b e  t o  ensure t h a t  t h e  female i s  eventua l ly  

mated by a s t rong  male. 

I t  i s  reasonable t o  assume t h a t  t h e  c h a r a c t e r i s t i c s  a s soc i a t ed  wi th  

being a s t rong  male a r e  gene t ic ,  and a l s o  t h a t  t hese  charac te rs  lead  t o  

g r e a t e r  reproduct ive success (Section 5.6.4.2). Thus a female's male 

of fspr ing  a r e  l i k e l y  t o  inseminate more females i f  she mates wi th  a s t r o n g  

male: i .e.  a female increases  her  i nc lus ive  f i t n e s s  by mating with a 

s t rong  male. 



The long mating chases could the re fo re  be  adapt ive t o  t he  female, 

although they a r e  of  nega t ive  o r  zero adapt ive value t o  t h e  chasing male 

(see Sect ion 6.2.2.2) . The loud voca l i za t ions  used by female elephant  

s e a l s  when r e s i s t i n g  copulat ion could serve  a s i m i l a r  funct ion (Cox and 

Le Boeuf, 1977) , and t h e  same could be t r u e  of  orang-utans (MacKinnon, 

1974). 

Although Guggisberg (1966) and R i t ch i e  (1963) repor ted  severe  f i g h t s  

between male and female black rhinos during cour t sh ip ,  Goddard (1966) d i d  

not  observe such behaviour, and it appears t h a t  t h e  b lack  rh ino  cows p l a y  a 

more pass ive  r o l e  i n  cour t sh ip  than Indian rh ino  cows. In t he  white  rh ino ,  

t h e  d r iv ing  phase i s  very  d i f f e r e n t  t o  t h a t  o f  t h e  Indian r h i n o ' s  cour t -  

ship:  t h e  b u l l  white rh ino  q u i e t l y  b u t  f i rmly  at tempts  t o  keep an 

oes t rous  female wi th in  h i s  small  t e r r i t o r y .  

The female white  rh ino  thus  t e s t s  t h e  male on h i s  pe r s i s t ence  and 

h i s  show of  s t r eng th ,  and h i s  success  i n  maintaining h i s  dominance wi th in  

a t e r r i t o r y .  The d i f f e r ences  between t h e  more peacefu l  cour t sh ip  of  t h e  

white  rh ino  and t h a t  o f  t he  Indian rh ino  probably evolved a s  a r e s u l t  o f  

d i f f e r ences  i n  h a b i t a t  s t r u c t u r e  and hence v i s i b i l i t y  (discussed i n  

Sec t ions  6.2.2.2 and 6.3.5) .  Br ie f ly ,  i n  a h a b i t a t  wi th  low v i s i b i l i t y  

i n  which males do n o t  ho ld  t e r r i t o r i e s ,  a female could be mated by any 

male if she remained q u i e t ,  b u t  can a t t r a c t  o t h e r  (s t ronger)  males by 

means of  loud voca l i za t ions .  

L i t t l e  i s  known about t h e  cour t sh ip  o f  t h e  Javan and Sumatran rh inos  

(see Table 6.1).  F ights  between male and female were repor ted  t o  occur 

during t h e  cour t sh ip  o f  Javan rh inos  (Hoogemerf, 1970). Borner (1977) 

concluded from t r a c k s  and s i g n s  t h a t  only peacefu l  i n t e r a c t i o n s  took p l ace  

during t h e  cour t sh ip  and mating of Sumatran rh inos ,  b u t  Hubback (1939) 

found ind ica t ions  of two male Sumatran rhinos f i g h t i n g  over  a female (see 

Sec t ion  6.3.5 f o r  f u r t h e r  d i scuss ion) .  



@) Maternal behaviour 

Indian rh ino  cows were p a r t i c u l a r l y  aggress ive  towards o t h e r  rh inos  

and man s h o r t l y  be fo re  g iv ing  b i r t h  and f o r  a yea r  o r  more a f te rwards  
I 

(Section 5 .S. 4 ) .  Such behaviour could be  simply competition f o r  food o r  

f o r  space i n  a wallow (Secrions 4.3 and 4.4),  o r ,  a l t e r n a t i v e l y ,  an e f f o r t  

t o  dr ive  out t h e  opponent permanently, and thus  improve t h e  q u a l i t y  o f  t h e  

a r ea  f o r  r ea r ing  calves.  However, a s  food f o r  rh inos  i s  l o c a l l y  abundant, 

it i s  more adapt ive t o  concentrate  on feeding r a t h e r  than a t t ack ing  a 

feeding neighbour ( s ee  a l s o  Kruuk, 1972) and t h i s  i s  what was normally 

observed (Section 5.2) . Jarman and Jarman (19 73) concluded t h a t  a d u l t  

male impalas could only expect t o  increase  t h e  food ava i l ab l e  t o  t h e i r  

mates and o f f sp r ing  by 3-5% by dr iv ing  out subordinate  males. 

A t h i r d  p o s s i b i l i t y  is  t h a t  t h e  a g o n i s t i c  behaviour o f  adu l t  females 

i s  pr imar i ly  an adapta t ion  t o  p ro t ec t  t h e i r  own ca lves  and t o  prevent  mis- 

d i r e c t i o n  of the  cow-calf bond. The formation o f  a bond between mother 

and young i s  very important f o r  the  s u r v i v a l  o f  t h e  c a l f ,  and t h e  pe r iod  

o f  sec lus ion  around p a r t u r i t i o n  is gene ra l ly  he ld  t o  be an adapta t ion  t o  

f a c i l i t a t e  impr in t ing  of t he  ca l f  on t h e  mother and vice-versa (Tschanz, 

1962; Lent, 1964). In closed h a b i t a t s  such a s  those  of Chitawan t h e  

chances of a c a l f  g e t t i n g  l o s t  o r  a t t a c h i n g  i t s e l f  t o  another  i nd iv idua l  

a r e  r e l a t i v e l y  high,  and l o s t  calves were seen on seve ra l  occasions 

(Section 5.6.2) . When a c a l f  i s  young it may be important f o r  t he  female 

t o  s t a y  a p a r t  from o the r  ind iv idua ls  s o  t h a t  h e r  c a l f  knows who t o  follow: 

preda t ion  and a t t a c k s  by adu l t  males and o t h e r  adu l t  females could s e l e c t  

f o r  t h i s  behaviour.  

Cows with calves were involved i n  a g o n i s t i c  i n t e r a c t i o n s  most f r e -  

quent ly with o t h e r  cows with calves (Section 5.4.2). However, a d u l t  f e -  

males d id  accept t h e  company of sub-adul t s ,  some of which were previous 

ca lves  (Section 5.2) . An accompanying sub-adul t  poss ib ly  reduces t h e  r i s k  



of  preda t ion  on t h e  c a l f  and, because she accompanies t h e  cow and c a l f  

f o r  long per iods  and becomes a t tached  t o  t h e  p a i r ,  t h e  danger of  t h e  c a l f  

g e t t i n g  l o s t  by following h e r  i s  not s o  g r e a t  a s  with another  adu l t .  

Calves normally l e f t  t h e i r  mothers s h o r t l y  before  t h e  b i r t h  of  a 

s i b l i n g .  Several  f a c t o r s  may favour a female d r iv ing  o f f  h e r  young be- 

f o r e  t he  b i r t h  of  h e r  next  c a l f .  F i r s t ,  though perhaps un l ike ly ,  t h e r e  

i s  the  p o s s i b i l i t y  t h a t  t h e  new ca l f  may become a t tached  t o  h e r  previous 

c a l f ,  and follow it i n s t e a d  of he r .  Secondly, t h e  o l d e r  c a l f  might com- 

p e t e  f o r  t h e  milk supply,  and could do t h i s  even before  t h e ' b i r t h  o f  t h e  

new c a l f .  The c a l f  i s  sepa ra t ed  from i t s  mother u sua l ly  s eve ra l  days t o  

weeks before  t h e  b i r t h  o f  a new c a l f  (Sect ion 5 .6 .1) .  Separation o f t en  

occurs  gradual ly,  with t h e  c a l f  spending inc reas ing ly  long periods away 

from i t s  mother p r i o r  t o  leav ing  he r  f i n a l l y .  Male calves tended t o  s t a y  

longer  wi th  t h e i r  mothers than female ca lves ,  poss ib ly  because they  were 

a t tacked  more o f t e n  by a d u l t  males when away from t h e i r  mothers (Sect ion 

6.2.2.3). Predation and a t t a c k  by adu l t  males may have played a l a rge  

p a r t  i n  s e l ec t ion  f o r  long periods of  maternal care  i n  rhinos.  The r a t i o  

of  i n t e r c a l v i n g  i n t e r v a l  t o  ges t a t ion  pe r iod  is  2 .5 : 1 i n  Indian rh inos  

compared with 2 : 1 i n  most an te lopes ,  ce rv ids  and capr ids .  This  d i f f e r -  

ence poss ib ly  r e l a t e s  t o  t h e  f a c t  t h a t  t h e  young ungulates  which l i v e  i n  

female-young herds ,  a r e  l e s s  sub jec t  t o  preda t ion  and a t t a c k s  by adu l t  

males. 

6.2.2.2 Adult males 

In common with most ungulates ,  a d u l t  male rhinos do n o t  e x h i b i t  any 

d i r e c t  pa ren ta l  care .  The main process  by which an adu l t  male can i n -  

c rease  h i s  i nd iv idua l  f i t n e s s  i s  by inc reas ing  h i s  reproduct ive output ,  

and ind iv idua l  males d i f f e r e d  g r e a t l y  i n  t h e i r  b reeding  success (Section 

5.6.4.2). The behaviour  o f  adu l t  males towards each o t h e r  and towards 



females, l e d  me t o  d iv ide  them i n t o  two ca tegor ies :  s t rong  and weak males. 

Although weak males were probably capable o f  breeding,  and occas iona l ly  

a s soc i a t ed  with oes t rous  females, s t rong  males probab l y  performed almost 

a l l  matings (Section 5.6.4.2).  Note t h a t  t h e r e  i s  a  continuum from weak 

t o  s t rong  males: t h e  dichotomy i s  f o r  c l a r i t y  and i s  no t  a  mir ror  o f  

r e a l i t y .  

( a )  S t rong  males 

The s t ronges t  males l i v e d  i n  t he  a reas  of h ighes t  adul t  female 

concentrat ions and moved around cons tan t ly  over  ranges (90% ranges: s e e  

Sect ion 4.6.3) of up t o  s i x  km2. The amount of  overlap between t h e i r  

ranges var ied ,  but  i t  was g r e a t e s t  i n  t h e  a r eas  of h ighes t  population 

dens i ty  (Section 5.6.4.2).  Adult males probably b e n e f i t  from occupying 

such a reas  because t h e  chances of  f i nd ing  an oestrous female a r e  h igher .  

Secondly, t he  food resources a r e  b e t t e r  i n  those  a reas ,  and t h i s  a f f e c t s  

both t h e i r  own condit ion and poss ib ly  t h e  s u r v i v a l  of  t h e i r  o f f sp r ing ,  

provided t h a t  females remain i n  the a r e a  of  mating t o  r e a r  t h e i r  young 

(see  below). 

Strong males were almost e n t i r e l y  s o l i t a r y ,  and were never seen 

toge the r  i n  groups. They d i s t r i b u t e d  s c e n t  marks around t h e i r  ranges 

b u t  d id  no t  r e f r a i n  from en te r ing  another  s t r o n g  male's range. 'No 

neighbouring s t r o n g  males r a r e l y  fought each o the r ,  bu t  s t range  s t rong  

males en t e r ing  ano the r ' s  home range were o f t en  a t tacked  and sometimes 

k i l l e d  (Section 5.6.4.2). There are  d i f f e r e n t  l e v e l s  of  t h e  same course 

of ac t ion  among s t rong  males, d i s t inguished  by t h e  a rea  over which the  

male wanders and f i g h t s  o t h e r  males. 

( i )  Some s t rong  males maintain t h e i r  dominance and mating r i g h t s  

year  round in  a r eas  o f  low population dens i ty ,  which a re  good feeding 

grounds only seasonal ly .  They have t o  surv ive  on poorer  food a t  some 



t imes of the  year ,  b u t  t h e i r  l a r g e r  body s i z e  means t h a t  they a r e  adapted 

t o  a poorer  d i e t  than cows and calves (Sect ion 4.7).  M056 and M053 a r e  

examples of  such males (Section 5.6.4.2) .  

( i i )  Other s t r o n g  males maintain t h e i r  dominance i n  a r eas  of v a r i e d  

h a b i t a t  types where t h e r e  a r e  large r e s i d e n t  populaticms of females, and 

which o t h e r  females v i s i t  seasonal ly.  There i s  of course more competit ion 

f o r  females i n  these  a reas ,  and only t h e  s t r o n g e s t  males can breed. How- 

ever ,  s t rong  males known t o  each o t h e r  r a r e l y  f i g h t  .over females (Section 

5.6.4.2), presumably because it i s  more advantageous t o  t he  cha l lenger  t o  

spend time and energy looking f o r  another  female than  f i g h t i n g  f o r  one 

which he  might n o t  g e t  anyway (see Kwnmer e t  al. , 1978). M001, M005 and 

M045 showed t h i s  l e v e l  of  s t rong  male behaviour  (Section 5.6.4.2). 

( i i i )  The t h i r d  l e v e l  of  s t rong  male t a c t i c s  i s  shown by those  i n d i -  

v idua ls  which f requent ly  wandered over l a rge  a reas  of  both h igh  and low 

h a b i t a t  d i v e r s i t y ,  and attempted t o  enforce  t h e i r  dominance over r e s i d e n t  

s t rong  males. Although some matings were undoubtedly obtained by such 

males, i n t ru s ion  o f  t h i s  s o r t  of ten l e d  t o  f i e r c e  f i g h t s  (Section 5.6.4.2).  

Only the  very s t r o n g e s t  males can succeed i n  obta in ing  matings over  a wide 

a rea :  t h e  r i s k s  of i n  jury and death may be  too high f o r  most individuals .  

M005 ranged over a wide a r e a  i n  the first y e a r  of  t h e  s tudy per iod  b u t  

reduced h i s  range t h e r e a f t e r .  M062, however, was not  s o  successfu l :  he 

was k i l l e d  by one of t he  s t r o n g  males i n  t he  c e n t r a l  blocks (Section 

5.6.4.2). 

I t  is noted i n  Sect ion 6.2.2.1 t h a t  t h e  long mating chases a r e  o f  

zero o r  negat ive adapt ive  value t o  a d u l t  males. However, i f  males cannot 

ob ta in  matings without  chasing females, and chases a r e  adaptive f o r  

females (Section 6.2.2. l ) ,  chases w i l l  be  s e l e c t e d  f o r .  In a h a b i t a t  wi th  

poor v i s i b i l i t y  it i s  obviously adaptive f o r  a male t o  follow a female and 



t r y  t o  mate with h e r  even i f  i t  means e n t e r i n g  another  s t r o n g  male's 

range. 

However, i f  t he  hypothesis  t h a t  chases a r e  of adaptive value only 

t o  females is  t o  be  supported,  t he  loud squeak-pant voca l i za t ions  of  t h e  

a d u l t  males (Sect ion 5.3.1) have t o  be explained. I t  appears maladaptive 

f o r  a  male t o  a d v e r t i s e  t h e  presence of an oes t rous  female t o  o t h e r  males. 

There a r e  s e v e r a l  p o s s i b l e  explanat ions b u t  t h e  most l i k e l y  one i s  t h a t  

males only squeak-pant while  chasing a female i f  they a r e  dominant over  

o t h e r  males i n  t he  area. This i s  supported by t h e  observat ion (Section 

5.3) t h a t  even when two males a r e  chasing each o t h e r ,  i t  is t h e  pursuing 

one which squeak-pants. The high frequency squeak-pant may a l s o  be more 

d i f f i c u l t  t o  l oca t e  than the  honks and b l e a t s  of  t he  females (Marler, 

1967), and i f  t h e  female i s  making enough no i se  f o r  o t h e r  males t o  

l oca t e  h e r ,  t he re  i s  no t  going t o  be s e l e c t i o n  aga ins t  voca l iza t ions  by 

pursuing males . 
Most i n t e r a c t i o n s  between s t rong  males and adu l t  females were e i t h e r  

cour t sh ip  i n t e r a c t i o n s ,  i n  which cases  t h e  male normally i n i t i a t e d  them, 

o r  a t t a c k s  by adu l t  females i n  p ro t ec t ion  of t h e i r  calves (Section 5.4.2).  

Strong males r a r e l y  a t t acked  anoestrous females: it i s  i n  t h e i r  i n t e r e s t s  

t o  encourage females t o  s t a y  within t h e i r  home ranges,  thus i nc reas ing  t h e  

chances o f  l a t e r  f ind ing  an oestrous female. Occasional hprovoked 

a t t a c k s  perhaps i n d i c a t e  t o  the  females how s t r o n g  they are .  Owen-Smith 

(1973) noted similar a t t a c k s  by  white rhino males. 

Peaceful i n t e r a c t i o n s  between s t rong  males and adu l t  females wi th  

calves were a l l  confined t o  courtship:  a t  o t h e r  t imes,  cows with ca lves  

never  a1 lowed a d u l t  males t o  approach c l o s e l y  (Section 5 .S . 4 ) .  However, 

s i n g l e  adu l t  females, sub-adul ts  of  bo th  sexes and, occasional ly,  calves 

approached an adu l t  male and lay i n  phys ica l  contact  with him (Section 

5.6).  Such a s soc i a t ions  wi th  females ( a d u l t s  and sub-adul ts)  may have 

been p a r t  of cour t sh ip .  In the  case of sub-adul t  males, i t  i s  i n  t h e  



i n t e r e s t s  o f  a sub-adul t  male t o  remain i n  t h e  high q u a l i t y  home ranges 

and perhaps even tua l ly  t o  t ake  over t h e  mating r i g h t s  from t h e  s t r o n g  

male (Section 6.2.2.3) . A s t rong  male only a1 lowed p a r t i c u l a r  sub-adul t  

males t o  l i e  i n  phys ica l  contac t  w i t h  him,and demonstrated h i s  dominance 

by occas iona l ly  jumping up and chasing o f f  t h e  sub-adul t  (Section 5 .6 .3) .  

Aggression d i r e c t e d  a t  sub-adul ts  and calves by a s t rong  male, and 

occasional  deaths r e s u l t i n g  from i t ,migh t  reduce t h e  adu l t  male's i n c l u s i v e  

f i t n e s s  i f  t h e  sub-adul ts  o r  calves were r e l a t e d  to.him. However, t h e  

i n d i c a t i o n s  were t h a t  males remained dominant i n  a p a r t i c u l a r  a r e a  f o r  

only two t o  t h ree  years  a t  a s t r e t c h  (Section 5.6.4.2).  As the  time from 

conception t o  independence is  o f  the o rde r  of f i v e  years (Section 5.6.2),  

it i s  un l ike ly  t h a t  sub-adul t s  o r  calves j u s t  about t o  leave t h e i r  mothers 

a r e  r e l a t e d  t o  the r e s i d e n t  s t rong  male. 

Strong males sometimes a t tacked  ca lves  during cour t sh ip  and drove 

them away from t h e  female, perhaps thereby reducing t h e  female 's  maternal  

defence r eac t ions  and making it e a s i e r  t o  subdue h e r  (Section 5.5.2) . In  

such cases t h e  male could be a t t a c k i n g  one of h i s  own progeny s ince  it 

would be normally on ly  2+3+ years  s i n c e  t h e  c a l f  was conceived, b u t  t h e  

movements o f  females i n  and out  of a s t r o n g  male 'S  range ( p a r t i c u l a r l y  

during t h e  spring:  Sec t ion  4.6.2) make it u n l i k e l y  t h a t  a l l  t h e  calves born 

o r  r ea red  i n  h i s  range were s i r e d  by h imsel f .  I n  two cases  of a c a l f  of 

known parenthood be ing  sepa ra t ed  during cour t sh ip ,  t h e  cour t ing  male was 

no t  t h e  f a t h e r  of  t he  c a l f ,  and t h e  female was about two and a h a l f  k m  

d i s t a n t  from the  s i t e  o f  h e r  previous conception and i n  a d i f f e r e n t  s t r o n g  

male 's  range. 

Weak males ( s ee  below) occas iona l ly  a s soc i a t ed  with s t r o n g  males b u t  

they  were sometimes a t tacked  and chased over long d i s t ances  by t h e  l a t t e r .  

However, weak males were n o t  excluded from t h e  ranges of s t rong  males. 

Poss ib le  reasons why s t rong  males should t o l e r a t e  t h e  presence of  sub- 



ord ina t e s  f a l l  i n t o  two categories:  (a)  it i s  t o o  cos t ly  t o  exclude them 

and @) it is not  expensive t o  keep them. In more d e t a i l :  

( i )  t he  c o s t s  i n  time and energy of excluding them a r e  

t oo  high,  

( i i )  t h e i r  e f f e c t s  on t h e  v i a b i l i t y  o f  t h e  s t rong  male's 

progeny by the deplet ion o f  food reserves  a r e  neg l ig ib l e ,  

( i i i )  the  chances o f  them mating a r e  small (Sect ion 5.6.4.2) 

and ( i v )  they  may a c t u a l l y  increase  t h e  s t r o n g  male 's  chances of 

breeding,by de t ec t ing  an oes t rous  female and drawing t h e  

a t t e n t i o n  of  t he  s t rong  male by d r i v i n g  h e r  (Section 6.2.2.1). 

(b) Weak males 

Weak males a r e  o f t en  young animals b u t  inc lude  some o ld  ind iv idua l s  

which have been s t rong  males i n  the p a s t  b u t  a r e  t o o  o ld  t o  maintain t h e i r  

dominance over  o thers .  I t  is poss ib le  t h a t  some males may spend two o r  

more per iods  a s  s t rong  males separa ted  by per iods  a s  weak males, fol lowing 

severe i n j u r i e s  from which they  requi re  t ime t o  recupera te ,  unharrassed by 

o t h e r  rhinos.  

Weak males, un l ike  sub-adult  males, were f r equen t ly  found i n  t he  

b e s t  a reas  o f  h a b i t a t .  They probably b e n e f i t  n o t  only from t h e  b e t t e r  

resources,  b u t  a l so  from occasional  matings . However, i f  challenged by a 

s t r o n g  male, they  r e l inqu i sh  oes t rous  females, and do no t  r i s k  i n j u r y  o r  

death. Being long- l i v e d  animals, they a r e  l i k e l y  t o  b e n e f i t  from wa i t ing  

u n t i l  they a re  s t r o n g  enough t o  have a  good chance of  v i c to ry  i n  a  f i g h t  

and be ab le  t o  dominate o t h e r  i nd iv idua l s .  Furthermore, by remaining 

wi th in  t h e  a reas  o f  h ighes t  population dens i ty ,  t h e  weak males may l ea rn  

about t h e  d i s t r i b u t i o n  o f  resources and females, become f a m i l i a r  with t h e  

r e s iden t  s t rong  males and improve t h e i r  chances of  becoming s t rong  males 

themselves . 



6 . 2 . 2 . 3  Sub-adults and calves 

(a) Dispersal  of sub-adul t s  

Geis t  (1974) developed a theory t h a t  t h e  young of animals l i v i n g  i n  

s t a b l e ,  s e l f - r egene ra t ing  climax h a b i t a t s  a r e  expected t o  remain i n  t h e i r  

home a r e a  a f t e r  leav ing  t h e i r  mothers. On the  o t h e r  hand, the  young of  

spec ies  from uns tab le  e a r l y  s e r a l  h a b i t a t s  a r e  expected t o  d isperse  be-  

cause the re  i s  no advantage i n  acqui r ing  t r a d i t i o n a l  kncwledge o f  food 

sources  from t h e i r  pa ren t s  o r  from t h e i r  he rds ,  and t h e r e  i s  a good 

chance t h a t  they  w i l l  d i scover  new unoccupied h a b i t a t s .  

The r i v e r i n e  grass land  and f o r e s t  h a b i t a t s  of Chitawan a re  a l l  

e a r l y  s e r a l  s t ages ,  bu t  they  a r e  maintained a s  an edaphic climax by 

the  conhined e f f e c t s  of  f i r e ,  f looding and r i v e r  erosion.  ?bus a l l  

s u i t a b l e  h a b i t a t  is expected t o  be occupied by rh inos ,  although un- 

usua l  changes i n  r i v e r  courses and burning regimes may c rea t e  good 

feeding  areas  away from concent ra t ions  of rh inos .  

Adult rhinos d isp lay  q u i t e  d e t a i l e d  knowledge o f  t h e  d i s t r i b u t i o n  

o f  food, wallows and mineral  l i c k s  at d i f f e r e n t  times of  the  year ,  and 

t h e i r  experience may be of  b e n e f i t  t o  sub -adu l t s  i n  exp lo i t i ng  t h e i r  

environment. There i s  no need f o r  sub-adul ts  t o  accompany t h e  adu l t s :  

they merely have t o  follow the adu l t s  by scen t ,  and t o  use the  communal 

pa ths  which a re  we l l  marked by dung-piles.  

Sub-adult rh inos  have probably more t o  gain by remaining n e a r  t h e  

a r e a  of b i r t h  than by d i spe r s ing  widely. This  i s  c e r t a i n l y  t r u e  of  

present  day rh ino  areas :  i n  the  pas t  t h e  r e l a t i v e  advantages and d is -  

advantages may n o t  have been so  c l e a r  cu t .  However, o f  t h e  s i x  calves 

i n  Chitawan which were recognized i n d i v i d u a l l y  before  they l e f t  t h e i r  

mother, f o u r  were l a t e r  recognized i n  roughly t h e  same home ranges as  

t h e i r  mothers, although sub- adu l t  males were r e s t r i c t e d  t o  t he  poorer  

q u a l i t y  regions as described below (Sect ion 5.6.3).  



(b) Behaviour of  sub-adul t  males 

Se lec t ion  pressures  a c t i n g  on the  behaviour  of calves and sub-adul t s  

would be  expected t o  a c t  towards improving t h e  chances o f  (a) immediate 

s u r v i v a l  and (b) reproduct ive success l a t e r  i n  l i f e .  

As  s t rong  a d u l t  males o f t en  a t t ack  sub-adul t  males ( the  r i s k  of 

i n j u r i e s  t o  t h e  a d u l t  i s  s l i g h t ) ,  t he  l a t t e r  adopt t h e  s t r a t e g i e s  o f  

moving out of t h e  a reas  of h ighes t  concent ra t ion  of s t rong  males, f l e e i n g  

immediately when approached by o ther  rhinos,  and forming groups as a f u r t h e r  

defence aga ins t  t h e i r  a t t acks  (Section 5.6.3).  Sub-adult males are very 

s i m i l a r  i n  appearance t o  young adul t  females and t h e r e  may have been 

s e l e c t i o n  f o r  t h i s  resenhlance. The long b i b  and t h e  convoluted neck f o l d s  

develop dur ing  adulthood. Resemblances between young males and adu l t  f e -  

males have been noted  by Geist  (1971) t o  reduce t h e  n u h e r  of  a t t acks  by 

a d u l t  male mountain sheep on young males. Furthermore, as  s t rong  a d u l t  

males never  form groups, t h e  s i g h t  o f  s e v e r a l  sub-adul t  males i n  a group 

may not t r i g g e r  t h e  aggressive reac t ion  i n  t h e  adu l t  which t h e  s i g h t  of  

a s i n g l e  sub-adul t  sometimes does (Sect ion 6.3.2.1).  Sub-adult male 

groups a r e  known from s e v e r a l  spec ies ,  e.g. waterbuck (Spinage, 1969), 

p l a i n s  zebra (Klingel  , 1969) and warthog (Gumming, 1975), b u t  mixed s e x  

sub- a d u l t  groups appear  t o  be  unusual (hen-Smi th ,  19 73) , although they  

occur  i n  both t h e  white  rh ino  and t h e  Indian rh ino  (ben-Smith,  1973: 

Sect ion 5.2.1). 

A sub-adul t  male of ten attempted t o  approach and l i e  dcwn i n  phys i ca l  

contact  with a known s t rong  male i n  a wallow. Although the  s t rong  male 

o f t en  chases him off ,  such behaviour may eventua l ly  b e n e f i t  t h e  sub-adul t :  

by becoming f a m i l i a r  with a s t rong  male, a sub-adul t  may increase  h i s  

chances o f  l a t e r  becoming dominant i n  t he  a rea .  Perhaps a l s o  t h e  s t imu lus  

of repeated a t t a c k s  by adu l t  males ' t e l l s 1  t h e  sub-adul t  t h a t  he i s  i n  a 

good a r e a  f o r  ob ta in ing  matings l a t e r .  



The cos ts  o f  a t t a c k s  have t o  be weighed aga ins t  t h e  b e n e f i t s  o f  

l a t e r  reproduct ive success .  Two a l t e r n a t i v e  s t r a t e g i e s  of t ak ing  ove r  

a group of  females - d i r e c t  f i g h t i n g  and gradual ly  increas ing  f a m i l i a r i t y  - 

have been descr jbed i n  gelada baboons (Dunbar and Dunbar, 1975) . Strong 

males may a t t a c k  known sub-adul t  males l e s s  f r equen t ly  than s t r ange  ones,  

although I have no conclusive da t a  t o  show t h i s .  If s o ,  sub-adul t  males 

may b e n e f i t  from l i v i n g  i n  t he  poorer q u a l i t y  a r eas  where only one s t r o n g  

male i s  l i k e l y  t o  encounter them (Sect ion 5 . 6 . 4 . 2 ) .  bu t  on the  edge o f  h igh  

q u a l i t y  areas  where most matings a r e  performed, 

(c) Behaviour of sub- a d u l t  females 

Females leave t h e i r  mothers a t  t h e  age o f  about 3-3% years  and a r e  

mated about 2-2% years  l a t e r .  ?he i r  behaviour  is  s i m i l a r  i n  many ways 

t o  t h a t  o f  s i n g l e  a d u l t  females, although they  a r e  more t imid and f l e e  

more r e a d i l y  from any d i s t u h a n c e .  

I t  is in the  i n t e r e s t s  of  a sub-adul t  female t o  l i v e  i n  the b e s t  a r eas  

f o r  c a l f  r e a r i n g  and t o  become f a m i l i a r  w i t h  t h e  s t r u c t u r e  of  a range s u i t -  

ab le  f o r  breeding: she  can do s o  by a t t a c h i n g  h e r s e l f  t o  a cow-calf p a i r  - 

sometimes h e r  own mother and f u l l  o r  ha l f - s ib l ing .  In t he  l a t t e r  case 

t h e r e  a r e  mutual advantages t o  both t h e  sub-adul t  and h e r  mother. The 

mother improves h e r  i n c l u s i v e  f i t n e s s  by p r o t e c t i n g  h e r  previous c a l f  and 

gaining he lp  in p ro t ec t ion  o f  h e r  younger c a l f .  The sub-adult  gains  

t r a d i t i o n a l  knowledge o f  t h e  a r ea  and p ro t ec t ion  from preda tors  and t h e  

advances o f  adu l t  males, and a l s o  improves h e r  i nc lus ive  f i t n e s s  by pro- 

t e c t i n g  h e r  young s i b l i n g .  

If a sub-adul t  female i s  no t  accepted by a cow, she can follow the  

movements of t h e  majori ty  o f  cows and calves by us ing  t h e i r  pa ths .  Sub- 

a d u l t  females a r e  l e s s  f requent ly  a t t acked  by a d u l t  males than a r e  sub- 

a d u l t  males, and can the re fo re  occupy t h e  b e s t  a reas  of h a b i t a t  with 

impunity u n t i l  they f i r s t  come i n t o  oes t rus .  



(d) Behaviour of calves 

Sollle common behaviour pa t t e rns  of calves appear t o  involve r i s k s  t o  

immediate su rv iva l ,  b u t  might be important in improving t h e  chances of 

successfu l  i n t e g r a t i o n  i n t o  the  community. For example, calves a r e  very 

i n q u i s i t i v e  and o f t en  wander away from t h e i r  mothers t o  i n v e s t i g a t e  

ob jec t s  and o t h e r  rh inos  (Sect ions 5.6.1 and 5.6.2). 

I n q u i s i t i v e  behaviour r i s k s  i n j u r y  o r  death by preda t ion ,  a t t a c k s  

from o the r  rhinos o r  s t a r v a t i o n  as a r e s u l t  of becoming separa ted  from 

t h e  mother. Calves make contact  with o t h e r  members of t he  populat ion 

desp i t e  t h e i r  mothers be ing  s t rongly  p r o t e c t i v e  (Sect ion 5.6) . The 

i n q u i s i t i v e ,  explora tory  behaviour of  t he  c a l f  may be adaptive i n  t h a t  

i t  f a m i l i a r i z e s  t h e  c a l f  wi th  i t s  phys i ca l  and s o c i a l  environment and 

hence may improve t h e  c a l f ' s  chances of  s u r v i v a l  and reproduction a f t e r  

leav ing  i t s  mother. There could be t h e r e f o r e  a c o n f l i c t  o f  s e l e c t i o n  

pressures  ac t ing  on both t h e  c a l f  and i t s  mother: remaining c lose  t o  

t h e  mother improves a c a l f ' s  chances o f  immediate s u r v i v a l ,  and wander- 

i n g  away from the  mother r i s k s  immediate s u r v i v a l  b u t  may improve sub- 

sequent  chances of  s u r v i v a l  and reproduction. 

Calves were of ten  a t tacked  by cows wi th  calves, and occas iona l ly  by 

a d u l t  males (Section 5.4.2) . Young ca lves  i n  p a r t i c u l a r  showed g r e a t  

i n t e r e s t  i n  adu l t  males who t o l e r a t e d  t h e i r  approaches and even drove 

off t h e  ca lves '  mothers i f  t h e  l a t t e r  attempted t o  r e j o i n  t h e i r  calves 

(Section 5.6.1).  Young hippopotamus calves showed similar i n t e r e s t  i n  

adu l t  males, e s p e c i a l l y  when they were defeca t ing  o r  u r i n a t i n g  ( O l i v i e r  

and Laurie,  1974). In both spec ies  it appears t h a t  t h e  c a l f  t r i e s  t o  

f a m i l i a r i z e  i t s e l f  wi th  members of i t s  community, at the  r i s k  of be ing  

a t tacked  and poss ib ly  k i l l e d .  ?here a r e  records  of hippo males k i l l i n g  

calves (Verheyen, 1954), and one t h i r d  yea r  male Indian rhino c a l f  was 

k i l l e d  i n  Chitawan by an adu l t  male (Sect ion 5.6.2). 



I t  appeared t h a t  young males were a t t acked  more f requent ly  by a d u l t  

males than young females were (Section 5.4.2). 'Ihere w a s  a l s o  evidence 

t h a t  male calves s t ayed  with t h e i r  mothers f o r  longer  than female ca lves  

(Sect ion 5.6.2) ;  perhaps t h e r e  is  s e l e c t i o n  f o r  a longer r ea r ing  pe r iod  

f o r  male calves.  

I could n o t  e s t a b l i s h  whether t h e  r e a r i n g  per iod  only o r  whether t h e  

i n t e r c a l v i n g  i n t e r v a l  was a l s o  longer f o r  t h e  mothers o f  male calves.  

However, i t  is  poss ib l e  t h a t  t h e  g r e a t e r  readiness  of  t h e  female c a l f  t o  

leave t h e  mother could decrease t h e  mothers defensive ac t ions  and the re -  

fo re  allow the  approach of  an adu l t  male a t  an e a r l i e r  oes t rus  than i f  

she had a male c a l f .  ?he l a t t e r  could s t i c k  so  c lose  t o  h i s  mother and 

e l i c i t  h e r  maternal defence s o  e f f e c t i v e l y  t h a t  he stopped h e r  mating 

again. I t  may be i n  h i s  i n t e r e s t s  t o  do so, as t h e  new c a l f  w i l l  b e  only 

a q u a r t e r  o r  h a l f  r e l a t e d  t o  him, depending on whether it is  a f u l l  o r  a 

ha l f - s ib  l i ng .  I n t e r e s t i n g l y ,  male ca lves ,  having been driven o f f  by 

t h e i r  mothers be fo re  t h e  b i r t h  o f  a new c a l f ,  sometimes re jo ined  t h e i r  

mothers i n  the event  o f  t h e  e a r l y  death o f  t h e i r  s i b l i n g .  

6 .3  Evolution o f  rfiino behaviour  p a t t e r n s  and s o c i a l  o rganisa t ion  

6.3.1 Rela t ionships  between s o c i a l  o rgan i sa t ion  and 

ecology among rhinos 

Ihe  evolu t ion  o f  s o c i a l  o rganisa t ion  i n  ungulates  h a s  been d iscussed  

by s e v e r a l  authors ,  and a l l  have emphasised t h e  general  co r r e l a t ion  b e t -  

ween various eco log ica l  f a c t o r s  and s o c i a l  o rganisa t ion  (Eisenberg and 

Lockhart, 1972; Jarman, 1974: Geis t ,  1974; Es tes ,  1974). I n t e r a c t i o n s  

with the  environment i n f luence  the  grouping behaviour  and movement p a t t e r n s  

o f  i nd iv idua l s  and hence t h e  reproduct ive s t r a t e g i e s  employed by males, 

and the  o v e r a l l  s o c i a l  o rganisa t ion  of t he  spec i e s .  



In Sect ion 6.2 I d iscuss  t he  s e l e c t i v e  consequences o f  t he  p a t t e r n s  

of  r e l a t i o n s h i p s  between indiv idua l  rh inos ,  and po in t  out how these  

r e l a t i onsh ips  determine t h e  type o f  s o c i e t y  i n  the  Indian rhino.  NW I  

consider  t he  evolu t ion  o f  t h e  observed s o c i a l  o rganisa t ion ,  comparing t h e  

d i f f e r e n t  spec i e s  of rh inos  with r e spec t  t o  var ious  aspec ts  of t h e i r  

ecology and s o c i a l  o rganisa t ion .  

Table 6 .1  summarizes t he  main f a c t s  i n  t he  l i t e r a t u r e  about t h e  f i v e  

spec i e s  of  rh inos .  I r e f e r  t o  t h i s  t a b l e  throughout t h e  following d is -  

cussion in s t ead  of r epea t ing  the  numerous re ferences  t o  t h e  l i t e r a t u r e .  

6.3.2 Grouping behaviour  

6.3.2.1 Fac tors  a f f e c t i n g  grouping behaviour  

Unlike many o t h e r  ungula tes ,  rhinos a r e  e s s e n t i a l l y  s o l i t a r y :  more 

than  90% o f  observat ions in Chitawan were o f  s o l i t a r y  ind iv idua ls  o r  cow- 

c a l f  p a i r s  (Section 5.2. l). Apart from cow- c a l f  p a i r s ,  t he  only l a s t i n g  

rh ino  groups cons is ted  o f  e i t h e r  two o r  more sub-adul t s  - mostly sub-adul t  

males - o r  o f  a sub-adul t  female with a cow-calf p a i r  (Section 5.2.1). I 

consider  he re  t h e  l i k e l y  s e l e c t i v e  p re s su res  f o r  s o l i t a r i n e s s ,  and d i scuss  

them with reference t o  o t h e r  ungulates.  

(a )  Vegetation s t r u c t u r e  

Eisenberg and Lockhart (1972) suggested t h a t  t h e  tendency o f  f o r e s t  

ungulates  t o  be s o l i t a r y  could be p a r t i a l l y  expla ined  by t h e  poor v i s i -  

b i  l i t y  which makes CO-ordinaticm of  cohesive groupings d i f f i c u l t .  On 

this hypothesis ,  t h e  rhinos which l i v e  i n  t a l l  grasslands where t h e  

v i s i b i l i t y  i s  poor  would not  be  expected t o  form herds.  However, t h i s  

hypothesis  presumably a p p l i e s  t o  any f o r e s t  animal, no t  j u s t  ungulates;  

y e t  l a r g e  groupings o f  f o r e s t  primates occur ,  suggest ing t h a t  it might 

no t  be a very important  f a c t o r .  Furthermore, t h e  bearded p i g  and the  
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Table 6.1 (cmtinued: the Ziterature) 

SKAFTE (1961) 

MEDWAY (1969) 

WEN-SblITH (1975) 

HITOIINS (196%) 

WEN-SMIM (1973) 

LANG (1961) 

MEINERTZHAGEN (1938) 

SONNE-HANSEN (1972) 

FREEMAN and KING (1969) 

LEKAGUL and McNEELY (1977) 

LAURIE (This repor t  and unpublished da ta)  

MAHARAJAH OF COOCH BEHAR (1908) 

KING (1969) 

GROVES ( 1967a) 

BORNER (19 77) 

SOIENKEL and SQ4ENKEL-HULLIGER (1977) 

GODDARD (1 96 7b) 

HITCHINS (1971) 

SODY (1959) 

SOIENKEL and SCHENKEL-HULLIGER (1969b) 

HOOGERKERF (19 70) 

FLYNN (pers .  comm. 1976) 

HAZEWINKEL (1933) 

JOUBERT and ELOFF (1971) 

WESTERN and SINDIYO (1972) 

H ITCH INS ( 1969) 

SCHENKEL and SCHENKEL-HULLIGER (1969a) 

ROTH and CHILD (1968) 

GODDARD ( 1970a) 

CAVE (1962) 

CAVE (1966) 

WROUGHTON and DAVI DSON ( 19 18) 

POLLOK and THObl (1900) 

GUGGISBERG (1966) 

FRANCK (1934) 

SANYAL (1892) 

PLAYER and FEELY (1960) 

SCHAURTE (1969) 

PIENAAR (1970) 

JARVIS (1967) 

TONG (1960) 

BARTLETI' (1873) 

GROVES (1972) 

ANDERSON (1872) 

WILSW and EDWARDS (1965) 

KRISHNE GOWDA (1969) 

MORRIS and JARVIS (1959) 

GROVES (1975) 

MacNAUGHT ( l  932) 

MUKINYA (1973) 

MAN and SONOWAL (19 73) 

~ U O B E R G  (1930) 

GEE (1953a) 

BERG (1933) 

GODDARD ( 1966) 

HUBBACK (1939) 

STRICKLAND (1967) 

PRATER (1971) 

EVANS (1904) 

LANG (1967 

LANG e t  al. (1977) 

BUECHNER e t  al. (1975) 

VAN STRIEN (1974) 

SHORTRI~XE (1915) 

PEACOCK (1933) 

JOUBERT (1971) 

GODDARD ( 196 8) 

THOM (1943) 

ANTONIUS (1937) 

CAVE (1969) 

CAVE and ALLBROOK (1959) 

DENNEY (1969) 

FRAME and GODDARD (1970) 



pecca r i e s  form l a r g e  herds i n  f o r e s t s  (Medway, 1972; Sowls, 1974) 

maintaining cohesion by f requent  voca l i za t ions ;  and t h e  swamp deer  and 

water bu f fa lo  l i v e  i n  herds i n  t h e  t a l l  g rass lands  of northern Ind ia  and 

Nepal (Gee, 1964). 

(b) Food d ispers ion  and abundance 

Among African bovids,  Jarman (1974) noted t h a t  those spec ies  which 

feed  s e l e c t i v e l y  on small  unevenly d i s t r i b u t e d  food items genera l ly  do 

n o t  form l a rge  groups, whereas those spec ies  which feed  r e l a t i v e l y  un- 

s e l e c t i v e l y  on abundant, continuously d ispersed  food, aggregate i n  l a r g e  

herds.  In Chitawan, food f o r  rhinos i s  l o c a l l y  abundant although it is  

p a t c h i l y  d i s t r i b u t e d  i n  t ime and space (Section 4.3.3) .  Thus a t  most 

food sources t h e r e  appears t o  be l i t t l e  competit ion f o r  food between 

rh inos ,  and seve ra l  i nd iv idua l s  may congregate a t  t h e  same food source 

(Section 5.2.2).  

(c) Predation 

For many spec i e s ,  p reda t ion  has been invoked a s  a major s e l e c t i v e  

p re s su re  favouring aggregat ions of animals r a t h e r  than s o l i t a r y  ex is tence .  

Jarman (1974) considered t h a t  predat ion may s e t  t h e  lower l i m i t  on group 

s i z e  i n  ungulates  because of t he  advantages conferred on animals i n  open 

h a b i t a t s  by aggregating. However, because o f  t h e i r  s i ze , adu l t  rh inos  a r e  

r a r e l y  preyed upon (Section 3.8.1), and t h e r e  i s  no consequent s e l e c t i o n  

f o r  aggregations. 

Sub-adults,  on t h e  o t h e r  hand, may be a t tacked  by t i g e r s  (R.N. 

Sonowal, pers .  comm., 1976), which may expla in  p a r t l y  t h e i r  tendency t o  

form groups among themselves and with cow-calf p a i r s  (Section 5.2).  

There may a l s o  be a mutual advantage t o  cows with ca lves  i n  having an 

accompanying sub-adul t  as an e x t r a  guard aga ins t  p reda t ion  of her  c a l f  

(Sect ions 5.6.4.1 and 6.2.2.1). 



(d) The pass ing  on of  t r a d i t i o n a l  knowledge 

In long-l ived animals such a s  rh inos  and e lephants ,  t he  accumulation 

of t r a d i t i o n a l  knowledge of  food sources,  mineral l i c k s  and wallows may 

be advantageous f o r  s u r v i v a l  i n  seasons which d i f f e r  from normal. Elephants  

have no need t o  aggregate i n  herds f o r  preda tor  defence, y e t  they form 

l a rge  herds whose bene f i t  t o  ind iv idua l  members may be t h e  accumulation 

and u t i l i z a t i o n  of t r a d i t i o n a l  knowledge (Laws, 1969). 

Rhinos, on t h e  o t h e r  hand, do n o t  form l a rge  groups, although t h e  

long per iod  spent  with t h e  mother, and t h e  a s soc i a t ions  between a d u l t  

females and sub-adul t s  may be important i n  t h i s  context .  However, rh inos  

a r e  more sedentary  than elephants ,  and t h e r e  may be l e s s  t r a d i t i o n a l  know- 

ledge t o  be passed on. 

(e) Attacks by conspec i f ics  

S ing le  sub-adul t  male rhinos were o f t e n  a t tacked  by adu l t  males b u t  

groups of sub-adul ts  were never a t tacked  (Section 5.6.3). Attacks by a d u l t  

males could be a s e l e c t i v e  pressure  on sub-adul t s  t o  form groups with each 

o the r  o r  with cow-calf p a i r s  (Section 6 . 2 . 2 . 3 ) .  Robertson e t  aZ. (1976) 

repor ted  t h a t  p a r r o t  f i s h e s  (Scarus croicensis) reduced a t t a c k s  by t e r r i -  

t o r i a l  males by schooling,  although i n  t h a t  case  it appeared t h a t  i n d i v i -  

dua ls  were reducing t h e  chances of a t t a c k s  t o  themselves r a t h e r  than 

i n h i b i t i n g  a t t a c k s  by adu l t  males on ind iv idua l s  i n  t h e  school.  

There a r e  problems i n  deciding which o f  t h e  above s e l e c t i v e  p re s su res  

a r e  important i n  determining grouping behaviour. As S i n c l a i r  (1977) has  

pointed out ,  t h e r e  i s  a danger of c i r c u l a r i t y  i n  arguing f o r  any one 

s e l e c t i v e  pressure ,  because a l l  t h e  f a c t o r s - a r e  i n t e r - r e l a t e d .  Body s i z e  

and feeding s t y l e  a r e  c l o s e l y  l inked (Section 4.7.1) and both these  

inf luence  h a b i t a t  choice and an t i -preda tor  behaviour. Small-bodied s p e c i e s  

t y p i c a l l y  feed s e l e c t i v e l y  on highly d i g e s t i b l e  and n u t r i t i o u s  forage  which 



i s  sparse  and s c a t t e r e d ,  and a v a i l a b l e  i n  t h e  most constant  supply i n  

f o r e s t e d  h a b i t a t s .  Large-bodied spec i e s ,  on the  o t h e r  hand, a r e  adapted 

t o  feed r e l a t i v e l y  unse l ec t ive ly  on forage  of low energy content  such a s  

g ra s s  which is most abundant i n  open h a b i t a t s .  Smal l-bodied s e l e c t i v e  

feeders  which l i v e  i n  c losed  h a b i t a t s  can h ide  from preda tors  and do s o  

more e f f i c i e n t l y  when alone o r  i n  small  groups. On t h e  o ther  hand, l a r g e  

unse l ec t ive  feeders  which feed  i n  t h e  open have t o  e i t h e r  f l e e  from o r  

a t t a c k  p reda to r s ,  and may gain an advantage by a s soc i a t ing  i n  groups 

(Eisenberg and Lockhart, 1972; Jarman, 1974) . 
These i n t e r - r e l a t i o n s h i p s  make it very d i f f i c u l t  t o  d i s t i n g u i s h  

between t h e  hypotheses l i s t e d  above. Among sub-adul t s ,  both preda t ion  

and a t t a c k s  by adu l t  males s e l e c t  f o r  aggregat ions.  However, among 

a d u l t s  t h e r e  appear t o  be few s e l e c t i v e  pressures  f o r  aggregat ions,  a l -  

though occasional  aggregat ions a t  abundant food sources a r e  presumably 

no t  s e l ec t ed  aga ins t  because time spent  competing with o the r s  i s  b e t t e r  

spent  feeding. A f u r t h e r  s e l e c t i v e  p re s su re  f o r  adul t  males t o  be  s o l i -  

t a r y  i s  t h e  r e s u l t i n g  reduct ion  i n  t h e  p r o b a b i l i t y  of  proximity of 

competi tors  during mating (discussed i n  Sec t ion  6.2.2). 

'Ihe mother-calf bond i s  obviously very  important i n  a slow maturing 

spec i e s  such a s  t h e  rh ino ,  and mothers of  young ca lves  seem t o  be p a r t i c -  

u l a r l y  aggressive towards o the r  rh inos ,  tending t o  a s soc i a t e  with o t h e r s  

l e s s  than s i n g l e  females o r  t h e  mothers of o l d e r  calves.  'Ihus, t h e r e  

may be s e l e c t i o n  a c t i n g  on mothers t o  remain s o l i t a r y :  poss ib ly  the  

s e l e c t i v e  pressure  is  a t t a c k s  by o t h e r  rh inos  on t h e  c a l f ,  o r  t h e  

p o s s i b i l i t y  of misd i rec t ion  o f  t h e  cow-calf bond (discussed i n  Sect ion 

6.2.2.1). 

6.3.2.2 Comparisons of  grouping behaviour with o the r  spec ies  

Rhinos d i f f e r  from most of t h e  l a r g e r  ungulates  i n  being mainly 



' s o l i t a r y ' .  Other ' s o l i t a r y 1  spec ies  include some s u i d s  (F r id r i ch ,  1974), 

moose (Houston, 1974), sambar (Schal le r ,  1967; Laurie,  unpubl. data)  and 

t a p i r s  (hledway, 1969). African antelopes,  equids,  e lephants  and hippos 

genera l ly  a s soc i a t e  i n  l a rge  groups (Klingel , 1969; Douglas-Hamil ton ,  

1972; Jarman, 1974; O l i v i e r ,  1978) although hippos forage on t h e i r  own 

a t  n ight  (O l iv i e r  and Laurie,  1974). 

In Chitawan, 0.2% of observat ions o f  Indian rh inos  were o f  groups of 

more than t h r e e  ind iv idua l s  and 5.2% were o f  more than two ind iv idua l s  

(Section 5.2.1; Table 6 . 1 ) .  These f i g u r e s  compare with 1.7% and 10.6% 

f o r  black rhinos (Hitchins i n  Owen-Smith, 1973), and 3.4% and 17.2% f o r  

whi te  rh inos  (Owen-Smith, 1973). Borner (1977) found evidence o f  Sumatran 

rhinos a s soc i a t ing  i n  p a i r s  only twice - t he  s eve ra l  hundred o the r  t r a c k s  

which h e  followed were o f  s i n g l e  i nd iv idua l s .  When they  were more numer- 

ous, Sumatran rh inos  may have been s l i g h t l y  more gregarious than t h e  

recent  evidence suggests  : Pollok and Thorn (1900) repor ted  t h a t  although 

mainly s o l i t a r y ,  t h r e e  o r  fou r  were sometimes found wi th in  one and a  h a l f  

k i lomet res  o f  each o the r ,  and they once saw two females i n  one wallow. 

Wroughton and Davidson (1918) repor ted  two groups o f  f o u r  and s i x  i n d i v i -  

duals.  

The evidence is  s i m i l a r  f o r  t h e  Javan rhino:  t h r e e  ind iv idua ls  was 

the  l a r g e s t  number t racked  toge the r  by Hoogelwerf (1970) during many yea r s  

i n  Ujung Kulon, and he only r a r e l y  found groups o f  two ind iv idua l s ,  o t h e r  

than  cow-calf p a i r s .  Schenkel and Schenkel-Hulliger (1969b) found two t o  

four  ind iv idua ls  nea r  each o t h e r  on seve ra l  occasions although n o t  a c t u a l -  

l y  moving toge the r .  During my own b r i e f  v i s i t  t o  Ujung Kulon i n  1975, I 

saw one p a i r  o f  sub - adu l t s  moving toge the r  (Laurie , unpubl . data)  . 
The r e l a t i o n s h i p s  between group s i z e  and h a b i t a t  i n  rhinos p a r a l l e l  

some of Jarman S (19 74) co r r e l a t ions  among African an te  lopes.  White rh inos  

l i v e  i n  open h a b i t a t s  with a  uniformly d i s t r i b u t e d  abundant food supply,  



and, although no t  found i n  herds,  t hey  form l a rge  groups m r e  f r equen t ly  

than  the o t h e r  spec ies .  The black rhinos have more d ispersed  food sources  

bu t  s t i l l  form la rge  groups more f r equen t ly  t han  the  Asian spec i e s  - pos- 

s i b l y  because of t h e i r  genera l ly  more open h a b i t a t  types .  Indian rh inos  

form aggregat ions i n  open feeding grounds and a t  foca l  p o i n t s  such as 

wallows, b u t  a r e  genera l ly  l e s s  s o c i a l  than  t h e  African spec ies .  Javan 

and Sumatran rh inos  appear t o  form groups l e s s  f requent ly  than  t h e  Indian 

rh ino ,  although t h e r e  i s  evidence t h a t  t h e  Javan rh ino  may have been found 

i n  l a r g e r  groups i n  t h e  p a s t  (Sody, 1959).  This  i s  i n  accord with Jarman's 

(1974) c o r r e l a t i o n ,  s ince  the  south-east  Asian spec ies  i nhab i t  dense f o r -  

e s t  where v i s i b i l i t y  i s  poor, and t h e i r  food items a r e  widely s c a t t e r e d  

and not quickly renewable. 

Corre la t ions  of t h i s  kind,  inc luding  o t h e r  f a c t o r s  such as body s i z e  

and s o c i a l  o rganisa t ion ,  a r e  discussed f u r t h e r  below. I t  should be  po in t ed  

ou t ,  however, t h a t  loose co r r e l a t ions  o f  t h i s  s o r t  a r e  r a t h e r  crude when 

compared with s i m i l a r  eco log ica l  behavioural  c o r r e l a t i o n s  f o r  pr imates  

(e .g .  Clutton-Brock and Harvey, 1977) . 

6 . 3 . 3  Maternal behaviour  

Indian rh ino  cows charged i n t i m i d a t o r i l y  a t  o the r  rh inos  and a t  human 

in t rude r s ,  e s p e c i a l l y  j u s t  before  g iv ing  b i r t h  and during the  f i r s t  y e a r  of 

the c a l f ' s  l i f e .  men-Smith (1973) s t a t e d  t h a t  white  rh ino  cows d id  no t  

charge i n  defence o f  t he  ca l f ;  they d i f f e r  i n  t h i s  respec t  from black  rh inos  

(Schenkel and Schenkel-Hulliger,  1969a). Another d i f fe rence  between t h e  

spec ies  widely commented upon i n  t he  l i t e r a t u r e  i s  t h a t  white rhino calves 

always f l e e  behind t h e i r  mothers while  b lack  rhino and Indian rhino ca lves  

always f l e e  ahead of t h e i r  mothers (Selous, 1881; Gee, 1951). In Chitawan, 

calves of ten l e d  t h e  r e t r e a t  bu t  t hey  were inf luenced  by the  d i r e c t i o n  i n  

which the  mother s t a r t e d  t o  run, and usua l ly  ended up behind h e r .  The 



absence of  an in t imida to ry  charge i n  t h e  white  rhino i s  puzzling: 
perhaps 

it i s  a r e s u l t  o f  having evolved with a d i f f e r e n t  s e t  of p reda to r s  ( h e n -  

Smith, 1973). 

Cow rhinos i n  Chitawan n o n a l l y  s t ayed  c lose  t o  t h e i r  ca lves ,  b u t  

f o r  t h e  f i r s t  t h r e e  months they  of ten l e f t  t h e i r  young calves unat tended 

and grazed up t o  800 metres away f o r  per iods  of one t o  two hours (Sect ion 

5.5.4).  Such behaviour has  no t  been recorded before  i n  Indian rh inos  b u t  

Joubert and Elof f  (1971) had evidence t h a t  a very young black rhino c a l f  

was l e f t  s i m i l a r l y  unattended, and B a r t l e t t  (1873) concluded from obser -  

va t ions  i n  c a p t i v i t y  t h a t  Sumatran rh inos  d i d  t h e  same. Wen-Smith (1973) 

d i d  not observe such behaviour i n  white  rh inos ;  i t  i s  probably no t  adapt- 

i v e  i n  spec i e s  which i n h a b i t  open country where h id ing  places a r e  s ca rce .  

Walther i n  Lent (1974) f i r s t  c l a s s i f i e d  ungulate  young i n t o  ' h i d e r s '  

and ' f o l lowers ' ,  and Lent (1974) summarized some of t h e  general  d i f f e r -  

ences i n  ecology and behaviour between t h e  two types.  Hiding of  young 

has  developed a s  an an t i -preda t ion  device i n  those  spec ies  l i v i n g  i n  

closed h a b i t a t s ,  o r  i n  small  species  ab le  t o  hide i n  low cover i n  open 

hab i t a t s :  fol lowers  a r e  genera l ly  l a r g e r  spec i e s  t y p i c a l  of  open h a b i t -  

ats and a r e  o f t en  cha rac t e r i s ed  by g rea t  seasonal  mobil i ty .  Indian rh inos  

and black rh inos  a r e  l a r g e  enough t o  p r o t e c t  t h e i r  calves from preda t ion ,  

so  t h e  s h o r t  h id ing  phase i n  these  spec ies  may a r i s e  from t h e  h igh  energy 

requirement o f  t h e  l a c t a t i n g  c o w ,  and t h e  c a l f ' s  need f o r  r e s t  a t  an e a r l y  

age. The dense vegeta t ion  i n  these spec i e s '  h a b i t a t s  may favour a h i d i n g  

s t r a t e g y .  Walther (1968) suggested t h a t ,  i n  ' h id ing '  spec ies ,  t h e  fol low- 

i n g  response of  young animals i s  o f t en  imperfec t ly  developed: t h i s  accords 

with the  observat ions t h a t  t he  calves o f  t h e  Indian rhino,  black rh ino  and 

Sumatran rhino f requent ly  run beside o r  i n  f r o n t  of  t h e i r  mothers b u t  

white  rh ino  ca lves  normally follow a t  hee l  (Selous, 1881; Gee, 1953a; 

Goddard, 1967b; Coenraad-Uhlig, 1933; Owen-Smith, 1973). 



The prolonged per iods  of physical  contac t  of a  cow with h e r  c a l f ,  and 

the  t o l e r a t i o n  o f  sometimes q u i t e  v i o l e n t  p l ay  behaviour without  any ove r t  

s igns  of aggression (Sect ion 5.4.2) ,  a r e  p l a i n l y  adapt ive t o  t he  adul t  f e -  

male i n  maintaining t h e  bond wi th  h e r  c a l f .  I never saw a cow te rmina te  a  

suckl ing  period:  it was always the  c a l f  who terminated suckl ing ,  and t h e  

cow read i ly  responded t o  s i g n a l s  from t h e  c a l f  i n d i c a t i n g  t h e  d e s i r e  t o  nurse  

(Section 5.5.4.3).  In  many o t h e r  ungulate  spec ies ,  t h e  mother becomes more 

aggressive during suckl ing  a s  h e r  of fspr ing  grows o lde r  (Leuthold, 19 77). 

However, African b u f f a l o  ca lves ,  which a l s o  have a long per iod  o f  depend- 

ence on the mother, suckle  f o r  long periods and cont inue t o  nurse a f t e r  

t h e i r  mothers have stopped l a c t a t i n g  ( S i n c l a i r ,  1977). This may be an 

adapta t ion  t o  maintain family bonds i n  both buffaloes and rh inos .  Owen- 

Smith (1973) a l s o  repor ted  no aggression during suckling,between cow and 

c a l f  white  rhinos.  Weaning conf l i c t  i s  gene ra l ly  expected t o  occur because 

t h e  mother and h e r  young have t o  a c t  d i f f e r e n t l y  t o  maximize t h e i r  i n c l u s i v e  

f i t n e s s  (Trivers  , 1974). However, wi th  a  long i n t e r - c a l v i n g  i n t e r v a l  and 

weaning genera l ly  complete before t h e  c a l f ' s  independence, weaning c o n f l i c t  

has  n o t  developed i n  rh inos .  

6.3.4 Sexual dimorphism and s e x  r a t i o  

Verner and Willson (1966) suggested t h a t  sexual  dimorphism, s e l e c t i o n  

f o r  aggressive males extending body growth i n t o  adulthood, and polygamy were 

c h a r a c t e r i s t i c  of b i r d s  l i v i n g  i n  f l u c t u a t i n g  h a b i t a t s  with a  l a rge  product- 

i v i t y  grad ien t ,  such as marshes. Jarman (1974) noted  a  r e l a t i o n s h i p  between 

sexual dimorphism and t h e  feeding s t y l e s  o r  s o c i a l  c l a s se s  of antelopes:  

small  browsing spec i e s  genera l ly  e x h i b i t  l i t t l e  sexual  dimorphism and main- 

t a i n  p a i r  t e r r i t o r i e s ,  whereas grazing spec i e s  which move more, and l i v e  i n  

h a b i t a t s  o f  g r e a t e r  p roduc t iv i ty  g rad ien t ,  e x h i b i t  considerable sexual  d i -  

morphism, and t h e r e  a r e  more adul t  females than  males i n  t he  population. 



Indian rhino adu l t  males a r e  about 129% of  the  adu l t  female weight 

and a r e  known t o  extend growth considerably i n t o  adulthood (Lang, 1967). 

The evidence f o r  t h e  white  rhino i s  s i m i l a r  (Table 6.1). However, t he  

black rhino and t h e  Sumatran rhino show almost no sexual  dimorphism i n  

body s i z e  and, f o r  Javan rhinos,  t he  evidence i s  equivocal;  Hoogexwerf 

(1970) maintained t h a t  females a r e  h e a v i e r  than males, b u t  Schenkel and 

Schenkel-Hulliger (1969b) deduced from t r a c k  measurements t h a t  females a r e  

sma l l e r  than males. 

A1  though the  b lack  and Sumatran rh inos  do no t  show any sexual  dimorphism 

i n  body s i z e ,  both these  spec ies ,  i n  common with t h e  o t h e r  rh ino  s p e c i e s ,  

a r e  sexual ly  dimorphic i n  s k u l l  s i z e ,  i n  p a r t i c u l a r  nasa l  breadth ,  and 

horn s i z e  (Pocock, 1946; Groves, 1967a, 1972, 1975; see a l s o  Appendix M) . 
Males genera l ly  have wider  s k u l l s  and broader  horns than females. 

Adult sex r a t i o  is  d i f f i c u l t  t o  measure, and t h e  r e s u l t  depends upon 

t h e  a rea  considered. In Chitawm t h e r e  are more a d u l t  females than  males 

bu t  i n  t he  b e s t  q u a l i t y  a reas  t h e  sex  r a t i o  i s  p a r t i c u l a r l y  d i s p a r a t e  

(Section 3.6.3) . More females than males a r e  genera l ly  repor ted  f o r  t h e  

white  and Indian rh inos ,  b u t  four  out  o f  s i x  r epo r t s  f o r  black rh inos  i n -  

d i c a t e  more males than  females (Table 6 .  l ) ,  and t h e  evidence f o r  t h e  south-  

e a s t  Asian spec ies  i s  inconclusive.  Ska f t e  (1961) caught only one male 

among e i g h t  Sumatran rh inos  i n  a t rapping  operat ion i n  Riau, Sumatra, and 

Hoogerwerf (1970) concluded t h a t  t h e r e  were more male than female Javan 

rhinos i n  Ujung Kulon. However, Schenkel and Schenkel-Hulliger (1969b) 

and Borner (1977) thought t h a t  t he  s ex  r a t i o s  were n e a r e r  un i ty  i n  t h e s e  

two spec i e s .  

The Sumatran and the  black rh ino ,  t he  only two spec ies  which a r e  

d e f i n i t e l y  not  sexual ly  dimorphic i n  body s i z e ,  a r e  a l s o  t h e  smal les t  

spec ies ,  feed  almost e n t i r e l y  on browse and l i v e  a t  the  lowest populat ion 

d e n s i t i e s  (Table 6.1) .  Thus, t he  rhinos appear t o  conform t o  Verner and 



W i l  l son l  s (1969) suggest ion and Jarman's (1974) genera l iza t ion .  The two 

polygynous graz ing  spec i e s  have developed cons iderable  sexual  dimorphism, 

with more emphasis on t h e  horn s i z e  i n  t he  whi te  rhino which l i v e s  i n  open 

h a b i t a t s  and on the  neck f o l d s  and b i b  i n  t he  Indian rh ino  which l i v e s  i n  

closed h a b i t a t s  ( see  Sect ion 6.3.5). However, t h e  black rhino i s  n o t  mono- 

gamous (Goddard, 1966), and Borner (1977) was of  the  opinion t h a t  t h e  Suma- 

t r a n  rh ino  i s  no t  monogamous e i t h e r .  Perhaps, t he re fo re ,  t h e  lack o f  sex- 

u a l  dimorphism i n  body s i z e  i s  simply a r e s u l t  of t h e  l i m i t a t i o n s  of a 

d i e t  of browse (Bel l ,  1971; discussed i n  Sec t ion  4.7.1). 

6.3.5 Mating systems 

6.3.5.1 Competition between males 

Competition between male animals f o r  mating oppor tuni t ies  has  genera l -  

l y  been regula ted  s o c i a l  ly .  Overt f i g h t e r s  with dangerous weapons have 

genera l ly  been s e l e c t e d  a g a i n s t ,  and d i sp l ays  and non-damaging f i g h t s  

s e l e c t e d  f o r  (Geis t ,  1974). Ungulates have reduced s e r i o u s  f i g h t s  by r i t u a l -  

i z i n g  a g o n i s t i c  i n t e r a c t i o n s  (Geist  , 1966; Maynard-Smith and P r i ce ,  1973) , 

although f a t a l  combat between males occurs  i n  s eve ra l  spec ies ,  p a r t i c u l a r l y  

those  which a r e  n o t  faced  wi th  high preda t ion  p re s su res ,  such as moose 

(Geist ,  1971), b i son  (McHugh, 1958), hippos (Attwell ,  1963; O l i v i e r  and 

Laurie ,  1974) and rh inos  (Table 6.1). 

The ways i n  which male animals r egu la t e  competit ion f o r  mating wi th  

females have been c l a s s i f i e d  i n t o  two main groups: t e r r i t o r i a l  systems 

and dominance systems. T e r r i t o r i a l i t y  i s  e s s e n t i a l l y  a form of s p a t i a l l y  

l o c a l i z e d  dominance (hen-Smi th ,  1971), which has been favoured evolu t ion-  

a r i l y  under eco log ica l ,  soc io log ica l  and morphological condi t ions where 

t h e  c o s t s  a s soc i a t ed  wi th  a l t e r n a t i v e  mating s t r a t e g i e s  a r e  l i k e l y  t o  be 

h ighe r  than those a s soc i a t ed  with hold ing  a t e r r i t o r y  (hen-Smi th ,  19 77). 

I d iscuss  here  t h e  mating system o f  t h e  Indian rh ino  i n  Chitawan, 



with re ference  t o  t h e  mating systems of o t h e r  rh ino  species,  and p o s s i b l e  

evolu t ionary  reasons f o r  t h e  observed d i f f e rences  between the  systems. 

Indian rh inos  a r e  l a rge  animals with d i r e c t l y  func t iona l ,  p o t e n t i a l l y  

dangerous weapons, which do not form la rge  groups (Section 5.2) and are 

r e l a t i v e l y  loca l i zed  i n  t h e i r  movements (Sect ion 4.6).  'Ihese cha rac t e r -  

i s t i c s  a r e  t y p i c a l  of t e r r i t o r i a l  ungulates  (Owen-Smith, 1977) i n  t h a t  t h e  

cos t s  a s soc i a t ed  with d i r e c t  contes t s  f o r  mating o r  f o r  the  es tab l i shment  

o f  dominance h i e r a r c h i e s  would b e  expected t o  be high. However, va r ious  

morphological and ecologica l  condi t ions of t h e  Indian rhino i n  Chitawan 

have, I sugges t ,  r e s u l t e d  i n  a mating system which is a  type of  dominance 

h ie rarchy  p a r t i a l l y  determined by loca t ion .  

F i r s t l y ,  as mentioned above, t h e  lack of predat ion pressure  on a d u l t s  

reduces s e l e c t i o n  aga ins t  i n t r a s p e c i f i c  f i gh t ing ,  although, i n  t h e i r  

evolu t ionary  p a s t ,  rhinos were sub jec t  t o  predat ion by l a r g e r  p reda to r s  

(Section 2.2) . Other evolut ionary reasons why t h e  Indian rhino '  S mating 

system (see Sec t ion  6.2.2.2) d i f f e r s  from t r u e  t e r r i t o r i a l i t y  f a l l  i n t o  

two main groups: 

(a) those a s soc i a t ed  with t h e  uneven d i s t r i b u t i o n  of  resources 

over  time and space (Section 6.1.1) 

(b) those a s soc i a t ed  with t h e  poor  v i s i b i l i t y  i n  t h e  closed 

h a b i t a t s  o f  t h e  Indian f lood  p l a i n s  (Section 5.7,). 

I t  i s  use fu l  t o  compare here  t he  white rh ino  with t h e  Indian rhino.  

T e r r i t o r i a l  male whi te  rhinos hold small  ( 1  - 2 km2) mutually exc lus ive  

t e r r i t o r i e s  i n  which they maintain mating r i g h t s  t o  a l l  females, b u t  

t o l e r a t e  subord ina te  males so long as they do n o t  display o r  engage i n  

cour t sh ip  (Owen-Smith, 1971) . Females roam f r e e l y  over  many male t e r r i -  

t o r i e s ,  and, when i n  oes t rus ,  a r e  confined t o  one male's t e r r i t o r y  by 

t h e  male S gen t l e  b locking  manoeuvres a t  t h e  t e r r i t o r i a l  boundaries (see 

below). 



A mating system such as t h e  white r h i n o ' s  could n o t  be favoured 

e v o l u t i o n a r i l y  i n  Chitawan, s i n c e  t h e  g rea t  seasonal  and unpredic tab le  

annual changes i n  t he  d i s t r i b u t i o n  of resources (mainly food, b u t  a l s o  

wallows) mean t h a t  male Indian rhinos cannot r e s t r i c t  t h e i r  movements t o  

such small  a reas  as t h e  whi te  rhino males i n  South Afr ica ,  where t h e r e  

a r e  r e l a t i v e l y  small  v a r i a t i o n s  ( in  time and space)  i n  forage p roduc t iv i ty  

(Owen- Smith, 19 75) . 
Indeed, i t  may be adapt ive  f o r  Indian rh ino  males (and females) t o  

roam over wider a reas  than necessary f o r  s u r v i v a l ,  because o f  t h e  r a p i d  

changes i n  t h e  d i s t r i b u t i o n  of  h a b i t a t  types.  By adopting a wide ranging 

h a b i t ,  males could inc rease  t h e i r  chances of f i n d i n g  (a) new, r i c h  food 

sources and (b) aggregat ions of females a l r eady  feeding  on such food 

sources .  I suggest t h a t  male Indian rh inos  do not have a defendable 

resource (Brown, 1969), and would not  t h e r e f o r e  be expected t o  be s t r i c t l y  

t e r r i t o r i a l .  The a rea  ove r  which it i s  adapt ive  f o r  males t o  move i n  

search o f  food and females,  i s  too  l a r g e  t o  defend aga ins t  o the r  males. 

Secondly, i n  support  of t he  above hypothes is ,  I suggest  t h a t  t h e  poor 

v i s i b i l i t y  i n  t h e  a l l u v i a l  p l a i n  h a b i t a t s  f u r t h e r  s e l e c t s  aga ins t  t e r r i t o r -  

i a l i t y .  Although t e r r i t o r i e s  can be marked o l f a c t o r i l y  (Wen-Smith, 1971) 

it is e a s i e r  f o r  an Indian rh ino  male t o  i n t r u d e  i n t o  another  male's range, 

than it  is f o r  a white  rh ino  male i n  i t s  open s h o r t  grass  land h a b i t a t s .  

I t  i s  obviously t o  a male's advantage t o  progress  i n t o  another  male's 

t e r r i t o r y :  as long a s  he i s  undetected, he  has a chance o f  mating (Section 

6.2.2.2). The d i f f e r ence  i n  v i s i b i l i t y  between t h e  African and Asian 

h a b i t a t s  i s  discussed i n  Sec t ion  5.7. Geis t  (1966) noted a negat ive cor- 

r e l a t i o n  between t h e  s i z e s  o f  horns ( f o r  d i sp lay)  and tusks  ( f o r  damaging 

a t t a c k s )  i n  rh inocero t ids  and cerv ids .  The African rh inos  have l o s t  t h e i r  

t u sks ,  b u t  t h e i r  horns are considerably l a r g e r  than those of t h e  Asian 

spec ies :  presumably, i n  open h a b i t a t s ,  horns  (and poss ib ly  the  nuchal 



hump and extended penis  of  t h e  white rh ino)  can be used as d i s t ance  d i s -  

p lays ,  whereas in  the  closed h a b i t a t s  o f  Asia  t h e  emphasis i n  d i sp l ays  i s  

on the  neck f o l d s ,  b i b  and tusks (Section 5 - 7 ) .  

In a reas  o f  high population dens i ty  where s e v e r a l  s t rong  males' 

ranges overlap and where t h e  males have become accustomed t o  each o t h e r  

over s eve ra l  years  (Section 5.6.4.2),  i t  would probably be adapt ive f o r  

those males not  t o  f i g h t  each o t h e r  i f  evenly matched, e s p e c i a l l y  as t h e r e  

is  a good chance t h a t  t he  mating w i l l  no t  end i n  conception (Sect ion 5 .5 .1) .  

Hippo males a l s o  f i g h t  t o  decide dominance b u t  r a r e l y  challenge a male i n  

possession o f  ~ T I  oes t rous  female (Verheyen, 1954; O l i v i e r  and Laurie ,  1974).  

I t  should a l s o  be  adapt ive f o r  weaker males t o  avoid f i g h t s ,  and f o r  s t r o n g  

males t o  discourage weaker males from mating. The f a c t  t h a t  f i g h t s  between 

rhino males a r e  f requent ly  f a t a l ,  i n d i c a t e s  t h a t  t h e  advantages t o  be  

gained from winning f i g h t s  must be g rea t .  However, a much longer  term 

s tudy  i s  necessary t o  f i n d  out t he  magnitude o f  the  enhancement o f  breed-  

i n g  success  i n  s t rong  males. 

The expression o f  s o c i a l  behaviour i n  terms o f  population o rgan i sa t ion  

is  very s e n s i t i v e  t o  ecologica l  inf luences (Crook, 1970): t e r r i t o r i a l i t y  

may be  p re sen t  i n  one population of a spec i e s  and absent ,  o r  present  i n  a 

d i f f e r e n t  form, i n  another  populat ion,  e . g .  impala (Jarman and Jarman, 

1974). Black rh inos  appear t o  show similar v a r i a b i l i t y .  In wet h a b i t a t s  

they e x h i b i t  a s i m i l a r  mating system t o  t h a t  of t h e  white rhino (Hitchins 

i n  Owen-Smith, 1973), b u t  they range more widely and a t  lower d e n s i t i e s  i n  

dry a reas  (Schenkel and Schenke l -kl  l i g e r ,  1969a) . The sparse  d i s t r i b u t i o n  

of food and water  may make it no t  adapt ive  f o r  males t o  e s t a b l i s h  t e r r i t o r -  

i e s  i n  dry a reas .  The mating system o f  t he  Indian rhino could be  s u b j e c t  

t o  s i m i l a r  v a r i a b i l i t y  i n  d i f f e r e n t  a r eas .  However, i n  Kaziranga, rh inos  

appeared t o  have a similar s o c i a l  o rganisa t ion  t o  t h a t  in Chitawan (Laurie ,  

unpubl. da t a ) ,  and t h e i r  seasonal  changes i n  ranges as a r e s u l t  o f  f lood-  

i ng  were much g r e a t e r .  



The marked seasona l i t y  of  forage product ion i n  t h e  Indian r h i n o s t  

h a b i t a t s  may be another  f a c t o r  which has s e l e c t e d  f o r  a  g r e a t e r  degree o f  

d i r e c t  competition between males than i n  the  white  rhino.  For t he  Indian 

rh ino  t h e r e  may wel l  be  an energy surp lus  during t h e  s p r i n g  and t h e  mon- 

soon (Sect ions 4 . 3  and 4 . 5 ) ,  which can b e  expended on f i g h t s  between males 

and on long cour t sh ip  chases.  In comparison, energy surp luses  a r e  probably 

small f o r  the white  lfiino which l i v e s  i n  h a b i t a t s  where seasonal  f l u c t u a t i o n s  

i n  forage production a r e  r e l a t i v e l y  small  i n  r e l a t i o n  t o  population l eve l s .  

This may p a r t l y  exp la in  the  absence of extended f i g h t s  and chases both 

between males and between males and females. 

L i t t l e  is known o f  t he  mating systems of  t h e  south-east  Asian rh inos ,  

and, because they now l i v e  at much lower d e n s i t i e s  than previously 

( p a r t i c u l a r l y  t he  Javan rhino:  see Appendix A and Table 6. l ) ,  r ecen t  

s t u d i e s  may i n d i c a t e  d i f f e r e n t  mating systems from those which opera ted  i n  

t he  pas t .  Damaging f i g h t s  have been recorded between males when populat ion 

l e v e l s  were h igher  (Table 6 .1) ,  bu t  n o t  r ecen t ly .  Borner (1977) suggested 

t h a t  male Sumatran rh inos  maintain mating r i g h t s  at f o c a l  po in t s  i n  t he  

environment, such as mineral l i c k s ,  v i s i t e d  by many females. However, i t  

i s  n o t  c l e a r  what t h e  r e l a t i v e  advantages would be  t o  a  male of  (a) s t a y i n g  

a t  one p lace  and wa i t i ng  f o r  females o r  (b) moving around, perhaps feeding  

b e t t e r ,  and f ind ing  females away from mineral l i c k s .  

Food i s  r e l a t i v e l y  p red ic t ab le  ( i n  time and space) in the r a i n f o r e s t ,  

and the  Sumatran rh inos '  method of feeding  produces new growth of  food f o r  

subsequent v i s i t s  t o  t h e  same a r e a  (Section 6.1.2.1).  ' Iherefore,  a  r h i n o ' s  

b e s t  feeding s t r a t e g y  is  t o  roam widely b u t  t o  r e t u r n  t o  f a m i l i a r  a reas .  

Regular movements a l s o  inc rease  the chances of f i nd ing  new sources o f  food 

such as t h e  r i c h  g r w t h  of sap l ings  and shrubs which grow a t  the s i t e s  o f  

l and - s l ip s  o r  t r e e - f a l l s .  Thus, a male Sumatran rh ino ' s  b e s t  s t r a t e g y  

would appear t o  be t o  roam widely over a  l a rge  home range, following rh ino  



paths  and v i s i t i n g  foca l  po in ts  where scent-marks might i n d i c a t e  t h e  passage 

of  an oes t rous  female. 

Competition between males would then be expected i n  the  v i c i n i t y  of an 

oes t rous  female un le s s  dominance r e l a t i o n s h i p s  had already been determined. 

Hubback (1939) repor ted  a  f i g h t  between two males i n  the  presence o f  a  

female, and the re  a r e  s e v e r a l  r epo r t s  o f  males accompanying females (Vol tz ,  

19 12) ; Shor t r idge ,  19 15; Peacock, 1933) . However, t he re  a r e  many o t h e r  

r epo r t s  which s t a t e  t h a t  it i s  unusual t o  f i n d  p a i r s  t oge the r  (Hazewinkel, 

1933; Hubback, 1939; Van S t r i e n ,  1974). I suspec t  t h a t  males accompany 

females f o r  q u i t e  long per iods  before  o e s t r u s ,  and t h a t  t h e r e  has  been 

s e l e c t i o n  f o r  females t o  delay oes t rus  f o r  as  long as poss ib l e  t o  i nc rease  

t h e  chances of  another  male f ind ing  t h e  p a i r  and chal lenging h e r  mate ( s ee  

Section 6 . 3  .5 . 2 )  . The absence of  sexual  dimorphism i n  body s i z e  is  d i s -  

cussed i n  Sect ion 6.3.4, b u t  Sumatran rh ino  males have l a r g e r  horns and 

tusks  than t h e  females (Groves, 1967a), which ind ica t e s  some degree o f  

d i r e c t  competition between males. 

The Javan rh ino  appears t o  have been o r i g i n a l l y  an animal of t h e  low- 

land swamp f o r e s t  and forest-edges whereas t h e  Sumatran spec ies  was more 

t y p i c a l  of t h e  high mountains (Peacock, 1933; Groves, 1967a). I sugges t  

t h a t  i t  was eco log ica l ly  separa ted  from R. kendengicus i n  Java (Sect ion 

1.3.1) and R. unicornis i n  Ind ia  (Appendix B) by being unable t o  graze on 

s h o r t  g ra s ses ,  bu t  t h a t  it a t e  t a l l  g rasses  and palms (Table 6 .1) .  A t  

present ,  apa r t  from l i v i n g  a t  considerably lower population d e n s i t i e s  than  

formerly (Sody, 1959; Table 6 .l) , t h e  Javan rh ino  i s  r e s t r i c t e d  t o  r a i n -  

fo re s t .  This should be remenbered when making conclusions about t h e  

ecology and behaviour o f  t he  Javan rhino.  For ins tance ,  it i s  very l i k e l y  

t h a t  ind iv idua ls  have l a r g e r  ranges i n  r a i n f o r e s t  than i n  lowland swamp- 

f o r e s t .  

L i t t l e  i s  known a t  p re sen t  about t h e  Javan rh inos '  mating system, b u t  



Hartmann Annnan (pers .  comm., 1978) i s  at p re sen t  s tudying t h e  spec ies  i n  

Ujung Kulon. I suggest t h a t  o r i g i n a l l y  t h e  Javan rhino had a  s i m i l a r  

mating system t o  t h a t  o f  the  Indian rh ino .  The condit ions of unpredic tab le  

food supp l i e s  and poor v i s i b i l i t y  apply t o  both  spec i e s ,  although t h e  Javan 

rhino '  S food supply w a s  probably more. p r e d i c t a b l e  i n  time and space than 

t h a t  of t he  sympatr ic  R. kendengicus. Reports of f i g h t s  between males and 

females and long noisy  chases (Hoogelwerf, 1970) i n d i c a t e  s i m i l a r  cour t -  

sh ip  behaviour t o  t h a t  o f  t he  Indian rh ino  ( see  Section 6.3.5.2).  

Horsf ie ld  (1824, i n  Sody, 1959) r epo r t ed  t h a t  Javan rh.inos l i v e d  

gregarious i n  many p a r t s  o f  J ava  i n  the  e a r l y  n ine teenth  century,  and 

Sody (1959) quoted many more,similar r e p o r t s .  Living a t  high d e n s i t i e s  

(Table 6 ,  l ) ,  competition between males would be expected t o  b e  r egu la t ed  

p a r t i a l l y  by a  system o f  s p a t i a l l y  l o c a l i z e d  dominance, as i n  t he  Indian 

rhino.  Now, i n  Ujung Kulon, where Javan rh inos  have t o  roam more widely 

a t  lower d e n s i t i e s ,  such a system is un l ike ly  t o  be operat ing.  I t  i s  more 

l i k e l y  t h a t  males a r e  adopting the same mating s t r a t e g y  zs t h e  Sumatran 

rh ino ,  which is p r imar i ly  adapted f o r  l i f e  i n  t h e  r a i n f o r e s t  (see above). 

6 .3 .S .2 Courtship and mating 

The aggressive cour t sh ip  behaviour of Indian rh inos  i s  unusual among 

ungulates ,  although s i m i l a r  behaviour has been recorded i n  black rhinos 

(Guggisberg, 1966), Javan rh inos  (Hoogelwerf, 1970), Sumatran rh inos  (Lock, 

1937) and hippos (Attwell ,  1963). Long no i sy  chases,  however, appear t o  

be  r e s t r i c t e d  mainly t o  t h e  Indian rh ino  although t h e y  a l s o  occur i n  t he  

Javan rhino (Table 6.1; Hoogemerf,  1970). I suggest  i n  Sect ion 6.2.2.1 

t h a t  t h e  noisy  mating chases and f i g h t s  o f  t h e  Indian rhino a r e  adapt ive 

t o  t h e  females i n  a t t r a c t i n g  s t ronge r  males ( t h i s  i s  desp i te  t he  f a c t  t h a t  

females a r e  sometimes k i l l e d ;  Sect ion 3.8.1; R.N.  Sonowal, pe r s .  comm., 

1976). A seasonal  energy su rp lus ,  l ack ing  i n  the  o t h e r  ( t r o p i c a l )  spec i e s ,  



may have allowed t h i s  system t o  evolve. 

Secondly, poor v i s i b i l i t y  is a s e l e c t i o n  pressure  f o r  such chases 

(Section 6.2.2 . l )  . From t h i s  premise one might expect chases i n  t h e  

Sumatran rhino,  b u t  lower population d e n s i t i e s  and an emphasis on i n -  

d i r e c t  v i s u a l  and o l f a c t o r y  marks i n  t h e  environment (Borner, 1977) 

c o d i n e  t o  make long chases non-adaptive. 

On the  o the r  hand, t he  good v i s i b i l i t y  i n  t he  white  rh ino '  S h a b i t a t  

has led  t o  the  female simply t e s t i n g  the  male on h i s  a b i l i t y  t o  defend a 

t e r r i t o r y  and t o  keep h e r  within it. H i s  s i l h o u e t t e  i n  s i d e  view may b e  

important i n  t h i s  context ;  perhaps a l s o  the  nuchal hump and t h e  extended 

penis  (Owen-Smith, 1973). With re ference  t o  t h e  penis ,  the white  rh ino  

i s  t h e  only  spec i e s  shown t o  possess  p r e p u t i a l  s cen t  glands (Cave, 1966). 

Perhaps t h e  combination of  v i sua l  and o l f a c t o r y  s i g n a l s  funct ion i n  

r e s t r i c t i n g  oestrous females t o  s i n g l e  t e r r i t o r i e s  . 
A c h a r a c t e r i s t i c  o f  t h e  mating o f  rh inos  i s  t h e  prolonged copula t ion  - 

between 30 minutes and 75 minutes i n  b lack ,  whi te  and Indian rh inos  

(Goddard, 1966; hen-Smi th ,  19 73; Gee, 195 1; t h i s  r epo r t ,  Sect ion 

5.5.3) .  There i s  a l s o  evidence of repea ted  e j acu la t ion  during t h i s  p e r i o d  

(hen-Smi th ,  1973; t h i s  r epo r t ,  Sect ion 5 .S. 3).  The advantages t o  a 

large-bodied spec ies  of a long copulat ion and repeated e j acu la t ion  i s  t h a t  

it could save e f f o r t  i n  mounting. I t  i s  odd i n  t h i s  context why e l ephan t s ,  

although l a r g e r  s t i l l ,  copulate f o r  only a few seconds (Eisenberg e t  al. , 

1971). A l t e rna t ive ly ,  copulation may cause t h e  r e l ea se  of ova. Rhinos 

r a r e l y  re-mount a female a f t e r  copulat ion (Goddard, 1966; Owen- Smith, 

1973; Sect ion 5.5.2) although Indian rh ino  males remained with females 

f o r  one o r  two days af terwards - perhaps thereby ensuring t h a t  no o t h e r  

male copulated with her .  The a s soc i a t ions  observed between pregnant 

females and s t rong  males (Section 5 .S - 3 )  a r e  puzzl ing.  Perhaps t h e r e  

a r e  advantages t o  t h e  females i n  a t t r a c t i n g  t h e  a t t e n t i o n s  of males a t  a 



c e r t a i n  s t age  of  pregnancy, bu t  it  i s  unc lea r  what they  a r e .  

Conclusions 

The s o c i a l  o rgan i sa t ion  o f  t he  Indian rh ino ,  discussed above, has  

probably been favoured evo lu t iona r i ly  by t h e  fol lowing condit ions:  

(a) l a rge  body s i z e ,  l ead ing  t o  a  low p reda t ion  r i s k  f o r  a d u l t s ,  and t h e  

animals being d ispersed  s ing ly  o r  i n  small  groups (cow-calf p a i r s  o r  

sub - adul t groups) . 

(b) seasonal  and unpredic tab le  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  o f  r e s -  

ources  i n  t ime and space, leading t o  animals moving r egu la r ly  around 

ranges,  t h e  s i z e s  o f  which vary according t o  h a b i t a t  d i v e r s i t y  and 

p roduc t iv i ty .  

(c)  genera l ly  poor v i s i b i l i t y ,  combined with (b) (above), leading t o  

( i )  males being unable t o  defend t e r r i t o r i e s  and ( i i )  advantages t o  

females i n  r e s i s t i n g  and voca l ly  a d v e r t i s i n g  at tempts  a t  copulat ion.  

(d) s easona l i t y  poss ib ly  leading  t o  an energy surp lus  which can be ex- 

pended i n  f i g h t s  between males and i n  mating chases. 

The Indian rh ino  has survived s i n c e  t h e  P le i s tocene ,  whereas numerous 

o t h e r  l a rge  ungulates ,  inc luding  seve ra l  spec i e s  o f  rhinoceros,  e lephants  

and hippopotamus have become e x t i n c t  (Colbert ,  1935).  The Indian r h i n o ' s  

unse l ec t ive  feeding h a b i t s ,  i t s  a d a p t i b i l i t y  t o  a  wide v a r i e t y  of h a b i t a t s  

and food types  and i t s  a f f i n i t y  f o r  water have probably been important 

f a c t o r s  i n  i ts  su rv iva l .  In  t h i s  context ,  it is  i n t e r e s t i n g  t o  compare 

t h e  hippopotamus, which d ied  out i n  India ,  wi th  t he  Indian rhino.  

I  examine b r i e f l y  here a  poss ib le  example o f  convergent s o c i a l  organ- 

i s a t i o n  i n  t h e  hippo and t h e  Indian rhino,  r e s u l t i n g  from similar eco log ica l  

condi t ions .  Both spec i e s  a r e  l a rge  g raze r s  a s soc i a t ed  with a l l u v i a l  p l a i n  

environments and a f f e c t e d  by unpredic tab le  v a r i a t i o n s  i n  t he  d i s t r i b u t i o n  



of resources.  The na tu re  of  t h e  e s s e n t i a l  resources  and t h e  e x t e n t  o f  

t h e i r  u n p r e d i c t a b i l i t y  v a r i e s  between t h e  spec i e s .  Changes i n  t h e  d i s -  

t r i b u t i o n  of vege ta t ion  types ,  and seasonal  changes, a r e  g rea t e r  i n  Ind ia  

and Nepal and have a g r e a t e r  in f luence  on t h e  rh ino .  The hippo, wi th  a 

form of  fore-stomach fermentation may not  r e q u i r e  t he  same d i v e r s i t y  o f  

food a s  t h e  rhino (Sect ion 4.7),  although changes i n  r i v e r  courses w i l l  

obviously a f f e c t  food a v a i l a b i l i t y .  However, t h e  h ippo ' s  main l i m i t a t i o n  

i s  i t s  phys io logica l  requirement t o  remain i n  water f o r  long per iods  o f  

t h e  day. Unpredictable v a r i a t i o n s  i n  t h e  water - leve l ,  p a r t i c u l a r l y  i n  

r i v e r s ,  cause hippos t o  aggregate i n  l a rge  herds  when wallowing p l aces  a r e  

s ca rce  and t o  s p l i t  up i n t o  smaller  groups when water - leve ls  r i s e  ( O l i v i e r  

and Laurie,  1974). 

Thus, i n  both spec ies ,  unpredic tab le  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  

of resources  a f f e c t  t h e  movements and d i s t r i b u t i o n  o f  adu l t  females and 

hence t h e  optimum mating s t r a t e g i e s  o f  t h e  males. Such condit ions favour 

a male mating system based on dominance r a t h e r  than  t e r r i t o r i a l i t y  

(Section 6.3.5) .  For t h e  rhino,  poor v i s i b i l i t y  is  another  f a c t o r  which 

s e l e c t s  aga ins t  t e r r i t o r i a l i t y .  V i s i b i l i t y  i s  b e t t e r  i n  t h e  h a b i t a t s  of 

t h e  hippo bu t ,  a s  t h e  animals a r e  confined t o  t h e  water during t h e  day, 

defence of  a t e r r i t o r y  on land i s  impossible,  and the re  i s  no advantage 

t o  be gained from holding a t e r r i t o r y  i n  t h e  water ,  because of  t h e  un- 

p red ic t ab le  movements o f  t h e  females. 

There a r e  s eve ra l  s i m i l a r i t i e s  i n  behaviour between t h e  Indian rh ino  

and t h e  hippo; no tab ly  t h e  frequent  e s c a l a t i o n  o f  f i g h t s  (sometimes i n -  

volving long chases) ,  t h e  a c t u a l  f i g h t i n g  technique us ing  t h e  lower t u s k s ,  

d i sp l ays  which show o f f  t h e  lower tu sks ,  a t t a c k s  by adu l t  males on young 

males, approaches by ca lves  t o  adul t  males, and the  f a c t  t h a t  ' s t rong '  

males with oes t rous  females a r e  r a r e l y  chal lenged by o the r  males 

(Verheyen, 1954; Attwell  , 1963; O l i v i e r  and Laurie,  1974) . 



Such c lose  correspondence i n  s o c i a l  o rgan i sa t  ion  i s  i n t e r e s t i n g  i n  

view of t h e  s i m i l a r i t i e s  i n  t h e  ecology of t he  two spec i e s .  The f a c t  t h a t  

t h e  Indian rhino survived i n  India  and the  hippo d ied  ou t ,  may be exp la in -  

ed by t h e  g r e a t e r  v a r i a t i o n s  i n  resource d i s t r i b u t i o n  ( r e s u l t i n g  from t h e  

high l a t i t u d e  and t h e  monsoon) favouring t h e  rh ino  which feeds,  un l ike  t h e  

hippo, on browse and aqua t i c  p l a n t s .  If we t a k e  t h i s  specula t ion  a  s t e p  

f u r t h e r ,  t h e  hippo i n  Af r i ca  may occupy t h e  equiva len t  niche of  t he  Indian 

rh ino ,  and t h i s  may expla in  why t h e  African rh inos  a r e  no t  aquat ic:  t h e  

white rh ino  can s w i m  only with d i f f i c u l t y ,  and i t s  d i s t r i bu t , i on  i s  l i m i t e d  

by r i v e r s  (Owen-Smith, 1973) . 
Fur ther  s t u d i e s  on the  s o c i a l  o rganisa t ion  and ecology o f  hippos and 

rh inos  should provide d a t a  t o  t e s t  some of t h e  suggest ions and hypotheses 

I have put  forward (see a l s o  Laurie and O l i v i e r ,  1977). H. Klingel (pers .  

comm., 1977) i s  a t  p resent  s tudying hippos i n  Uganda, and ( a s  mentioned 

above) H. Amman (pers .  comm., 1978) i s  s tudying Javan rh inos  i n  Ujung 

Kulon. A cont inua t ion  o f  my study,  making use  o f  t h e  h i s t o r i e s  o f  known 

ind iv idua l s ,  i s  a l s o  being considered. 



7. CONSERVATION 

5 
Rhinoceros micornis  i s  an endangered spec ies  (IUCN , 1978), o f  which 

fewer than 1,200 ind iv idua l s  remain i n  t he  wi ld  (Laurie and O l i v i e r ,  1977). 

I t  i s  des i r ab l e  f o r  many reasons t o  conserve t h e  d i v e r s i t y  of  f l o r a  and 

fauna c h a r a c t e r i s t i c  o f  n a t u r a l  ecosystems, and the  conservation o f  a 

s i n g l e  spec ies  has  t o  b e  considered as p a r t  o f  t h e  conservation and manage- 

ment of  whole ecosystems. Conservation should n o t  be regarded a s  an unprod- 

u c t i v e  form of land use;  r a t h e r  i t  can have important economic, s o c i a l  and 

educa t iona l  va lues ,  and should be regarded a s  t he  management of  n a t u r a l  

resources f o r  man's b e n e f i t  now and i n  t he  f u t u r e  s o  as t o  achieve t h e  

h ighes t  sus t a inab le  q u a l i t y  o f  human l i f e  (McNeely, 1975). 

In t h i s  s e c t i o n ,  I consider some of t h e  impl ica t ions  of t h e  r e s u l t s  of 

t h i s  s tudy  f o r  t h e  conservat ion of t h e  Indian rh ino  and i t s  n a t u r a l  h a b i t -  

ats. There i s  no t  space i n  t h i s  d i s s e r t a t i o n  f o r  a f u l l  discussion of  t h e  

r e s u l t s  wi th  r e spec t  t o  conservation: t h i s  w i l l  b e  published i n  a s e p a r a t e  

r epo r t .  I d iscuss  h e m  the  t h r e a t s  t o  t h e  r h i n o ' s  continued su rv iva l  i n  t h e  

wi ld  and then suggest how i t s  chances of s u r v i v a l  might be increased  i n  ways 

compatible wi th  t h e  o t h e r  aims o f  conservat ion and o t h e r  forms of  land use .  

7.1 Threats  t o  su rv iva l  

The massive reduct ion i n  the  range of  t h e  Indian rh ino  (Section 1.3) 

was caused p r imar i ly  by the  disappearance o f  most of t h e  a l l u v i a l  p l a i n  

grasslands of  northern India.  Many of t h e  patches o f  such h a b i t a t  which 

remained were too  small  t o  p r o t e c t  rh inos  from t h e  depredations of hun te r s ,  

poachers and farmers (Section 1.3.2) .  The c o n f l i c t  between man and rh inos  

was heightened by t h e  f a c t  t h a t  t h e  p r e f e r r e d  h a b i t a t  of the  rhinos was 

a l s o  the  most s u i t a b l e  f o r  t he  c u l t i v a t i o n  of  wet r i c e  (Section 1.3.2) .  By 

In t e rna t iona l  Union f o r  t h e  Conservation o f  Nature and Natural Resources. 



t h e  middle of t h i s  century,  rh inos  were l a r g e l y  r e s t r i c t e d  t o  reserves ,  and 

t h e i r  su rv iva l  depended on the  p ro t ec t ion  given t o  them by man (Section 1.4).  

The h i s t o r y  o f  Chitawan i l l u s t r a t e s  t h e  p o t e n t i a l l y  d i sa s t rous  e f f e c t s  on 

t h e  rhino populat ion,  of a breakdown i n  law and o r d e r  (Section 1.4) .  

The su rv iva l  o f  t h e  Indian rhino i s  s t i l l  th rea t ened  by poaching (Sect-  

ion  3.8.1; Appendix C) and by human encroachment on the  h a b i t a t  (Section 

2 .l. 7) .  However, t h e r e  a r e  now add i t i ona l  t h r e a t s  which stem from t h e  con- 

cen t r a t ion  of t he  few remaining rhinos i n t o  a small number o f  t i n y  r e se rves .  

Nine hundred of thes1,lOO su rv iv ing  rh inos  l i v e  i n  two National Parks con- 

t a i n i n g  a t o t a l  of 500 km2 of rh ino  h a b i t a t  (Sect ion 1.3.2) .  Any ca t a s -  

t rophe  i n  Chitawan o r  Kaziranga such as an epidemic d isease ,  severe f lood-  

i ng  o r  a breakdown i n  law and o rde r  could d r a s t i c a l l y  deple te  t h e  t o t a l  

rhino population. Furthermore, i n  these  small  pa tches  o f  a1 l w i a l  p l a i n s  

t h e r e  i s  a danger t h a t  changes i n  t he  courses of  t he  r i v e r s  could r e s u l t  

i n  vege ta t iona l  succession proceeding t o  a climax condit ion unsui tab le  f o r  

e a r l y  success iona l  spec ies  such as the  rhino (Section 2 . 1  .S ) .  

7.1.1 Poaching 

A s  both males and females b e a r  horns,  rhinos of both sexes a r e  k i l l e d  

by poachers. ?his  f a c t ,  combined with t h e  low reproduct ive r a t e  (Section 

3.7.1) makes ex tens ive  poaching l i k e l y  t o  dep le t e  rhino populat ions very 

quick ly .  However, the  Indian rhino i s  f u l l y  p ro t ec t ed  i n  Nepal, Ind ia  and 

Bhutan, and as long as t h e  p re sen t  high s tandard  o f  p ro t ec t ion  i s  enforced, 

t he  dangers of  severe  l o s ses  from poaching a r e  s l i g h t .  Previous heavy 

poaching may have r e s u l t e d  i n  a low r a t i o  o f  young t o  o l d  animals i n  t h e  

populat ion today. 

In Nepal t h e r e  have been no cases of  poaching discovered s ince  J u l y  

1975 (Section 3.8.1). Poaching was dramat ica l ly  reduced i n  1973 with t h e  

gaze t t i ng  of  t h e  Royal Chitawan National Park (Section 1 .4 ) ,  and the  re -  



organisa t ion  of the  guard force.  The Royal Nepalese Army took over t h e  

p r o t e c t i o n  of t h e  park i n  1976 and, d e s p i t e  some antagonism of t h e  l o c a l  

v i l l a g e r s  and an i n i t i a l  un fami l i a r i t y  with l i f e  i n  t h e  jungle,  t h e  

s o l d i e r s  have s u c c e s s f u l l y  cont ro l led  poaching (Section 2.1.7). 

There i s  s t i l l  a  low r a t e  of poaching i n  India ,  even i n  Kaziranga 

National Park (Appendix C): cont ro l  of  poaching i s  made more d i f f i c u l t  

than i n  Nepal by t h e  f a c t  t h a t  people a r e  allowed t o  e n t e r  and even l i v e  

i n s i d e  most of t h e  Indian reserves  (Appendix C; Sect ion 7.1.2). Thus 

poachers can pose as  buf fa lo  g raz i e r s  o r  c o l l e c t o r s  of f o r e s t  produce who 

have a  l e g a l  r i g h t  t o  be within the p ro t ec t ed  a reas .  

Encroachment and dis turbance by man and h i s  domestic s tock 

Cu l t iva t ion  and t h e  grazing of  domestic s tock  a r e  p roh ib i t ed  within 

the  Royal Chitawan National Park, and t h e  c o l l e c t i o n  of f o r e s t  produce i s  

s t r i c t l y  cont ro l led .  Thatch-grass c u t t i n g  i s  r e s t r i c t e d  t o  c e r t a i n  a r e a s  

and allowed dur ing  only one month per  year .  The rh inos  s u f f e r  cons iderable  

d is turbance  dur ing  t h e  g ra s s -cu t t i ng  season and a r e  i n  increased danger 

from poachers posing as grass- cu t t e r s .  

In most of  t h e  Indian reserves ,  inc luding  t h e  Kaziranga National  Park, 

buf fa lo  g r a z i e r s  a r e  allowed t o  l i v e  and graze  t h e i r  s tock i n  r e t u r n  f o r  

f ee s  pa id  t o  t he  Fores t  Department. V i l l age r s  a r e  allowed t o  l i v e  i n  t h e  

Laokhawa Reserve i f  they work f o r  t he  Fores t  Department f o r  a  few days each 

year .  Fishermen and c o l l e c t o r s  of f o r e s t  produce a r e  a l s o  allowed t o  v i s i t  

t h e  smal le r  reserves  on payment of fees .  

Although t h e  e f f e c t s  of s tock-grazing and g ra s s -cu t t i ng  can sometimes 

be bene f i c i a l  t o  wild animals by c r e a t i n g  new h a b i t a t  types,  t h e  rh inos  

r e q u i r e  a  d i v e r s i t y  of h a b i t a t  types which such p r a c t i c e s  t h rea t en  t o  des-  

t r o y  (Section 7.2) . 
Problems o f  encroachment and d is turbance  cannot be considered i n  



i s o l a t i o n  from t h e  i n t r u s i o n s  of  rhinos i n t o  a g r i c u l t u r a l  land. I t  i s  ve ry  

d i f f i c u l t  f o r  v i l l a g e r s  l i v i n g  on the  edge o f  rh ino  r e se rves  and n a t i o n a l  

parks t o  understand why such a dangerous and troublesome beas t  a s  t he  rh ino  

should be pro tec ted .  V i l l a g e r s  a r e  o f t e n  k i l l e d  by rhinos:  f i v e  were 

k i l l e d  i n  Chitawan during t h e  t h r e e  years  I was t h e r e  - fou r  of them out -  

s i d e  the  National  Park. Rhinos damage up t o  20% of t h e  r i c e  crop on land  

wi th in  800 metres o f  t h e  park boundary (Sect ion 4.3.7.1), and lo s ses  o f  

maize and wheat a r e  a l s o  high. Although a t  p resent  crop-raiding and dea ths  

a r e  phi losophica l ly  accepted a s  i nev i t ab l e ,  t h e  c o n f l i c t  between man and 

w i l d l i f e  along t h e  park boundary i s  l i k e l y  t o  i nc rease  a s  both rh ino  and 

human populat ions inc rease .  

7.1.3 Flooding and eros ion  

A s  a r e s u l t  o f  increased  de fo re s t a t ion  i n  t h e  h i l l s  of Nepal and 

nor thern  India ,  t h e  flood l e v e l s  and ex ten t  of  e ros ion  i n  t h e  p l a i n s  i n -  

c r ease  every year.  Almost a l l  t h e  su rv iv ing  rh inos  a r e  r e s t r i c t e d  t o  

small  a reas  of r i v e r i n e  f o r e s t  and grassland i n  t h e  f lood p l a i n s  of l a r g e  

r i v e r s ,  namely t h e  Rapti ,  t h e  Teesta ,  t he  Manas and t h e  Brahmaputra. 

Small changes i n  t h e  courses  of  these r i v e r s  could des t roy  t h e  rh inos '  

h a b i t a t s ;  and t h e  human popula t ion  p re s su re  on t h e  land i n  surrounding 

a reas  i s  such t h a t  a l t e r n a t i v e  refuges a r e  very scarce.  The Kaziranga 

National Park has decreased from 430 t o  390 km2 i n  a r ea  s ince  1966 due t o  

e ros ion  by t h e  Brahmaputra. S imi la r  changes a r e  t ak ing  p lace  i n  Chitawan 

(Sect ion 2.4) and it is  conceivable  t h a t  heavy f looding  i n  a s i n g l e  season 

o r  wi th in  a s h o r t  span of yea r s  (Wadia, 1966; Eckholm, 1975) could change 

t h e  e n t i r e  flood p l a i n  a r ea  wi th in  t h e  National  Park t o  open bank vegeta t ion .  

On t h e  o the r  hand, if t h e  Rapti  cu t  f u r t h e r  no r th  again i n t o  t h e  middle o f  

t h e  va l l ey ,  t h e  absence of r e g u l a r  f looding and changes i n  r i v e r  courses  

would lead  t o  gradual  d e f o r e s t a t i o n  and t h e  l o s s  of t h e  grass land  h a b i t a t  



(Seidenst icker  , 1976) . 
A f u r t h e r  problem i n  Chitawan i s  t h a t  t h e  l e g a l  boundary of  t he  park 

i s  t h e  bed of t h e  Rapti  r i v e r ,  and t h e  general  t r e n d  of t h e  r iver -bed  i s  

t o  move southwards, t h u s  decreasing t h e  a r e a  o f  f lood-p la in  l e g a l l y  wi th in  

t h e  park.  

7.1.4 Exotic  p l a n t s  

Habi ta t  modif icat ion by t h e  p r o l i f e r a t i o n  of  e x o t i c  p l a n t s  which have 

no s p e c i f i c  l oca l  p a r a s i t e s  o r  preda tors  has  been a s e r ious  problem i n  many 

a reas  o f  t h e  world. A c reeper ,  Mikania scandens and t h e  water hyacinth,  

Eichhornia crassipes a r e  causing problems f o r  rh ino  conservat ion i n  north- 

e a s t e r n  India .  

(a )  Mikania S mdens  

Mikania scandens was introduced from t h e  southern United S t a t e s  t o  

north-east  Ind ia  during t h e  second world war, and t h e r e  a r e  s t rong  reasons 

t o  be l i eve  t h a t  it has formed a hybrid with t h e  Asian M. cordata (Choudhury, 

1972). M. scandens o r  t h e  hybrid has p r o l i f e r a t e d  and spread over wide 

a r e a s  o f  west Bengal and Assam, and t h r e a t e n s  t o  des t roy  la rge  t r a c t s  of  

r i v e r i n e  f o r e s t  and grass lands .  

The climber forms a t h i c k  mat wherever sun l igh t  i s  ava i l ab l e ,  and 

grows very f a s t  (about 8 cms per  24 hours) over  t r e e s  and grasses  a l i k e  

u n t i l  l a r g e  a reas  of  t y p i c a l  rhino h a b i t a t  a r e  transformed i n t o  a ca rpe t  

of  Mikaaia and Mikrmia-festooned t r e e  t runks .  Rhinos and o t h e r  ungulates  

e a t  only t h e  young shoots ,  so the  l o s s  o f  food resources  and t h e  change 

i n  h a b i t a t  s t r u c t u r e  i s  very detr imental  t o  t h e  w i l d l i f e .  

(b) Eichhornia crassipes 

The water hyacinth ( E k h h o r n i a  crassipes),  a na t ive  of  North America, 

was introduced t o  Assam during the l a s t  century.  Apart from clogging up 



waterways a l l  over  south-eas t  Asia, t h e  water  hyacinth causes s p e c i a l  

problems i n  t h e  Kaziranga National Park. 

I t  s i n k s  with f lood waters onto t h e  open a reas  around t h e  lakes  o r  

bheeZs a f t e r  t h e  monsoon, and prevents  t h e  regrowth of t h e  s h o r t  g ra s ses  

which a r e  an important food supply f o r  t h e  rh inos  and the  o the r  ungulates .  

Although water hyacinth i s  ea t en  by rh inos  and o t h e r  ungulates  when it i s  

f r e e  f l o a t i n g ,  it i s  not ea t en  a f t e r  being s t randed  on dry land,  a s  it 

soon d i e s .  

7.1.5 Overcrowding 

A t  p resent  t h e r e  a r e  over  600 rh inos  i n  t h e  375 km2 of  Kaziranga 

National  Park. A s  t h e  popula t ions  both a t  Kaziranga and Chitawan a r e  i n -  

c r eas ing  and t h e r e  a r e  no a l t e r n a t i v e  re fuges  f o r  t h e  rh inos ,  t h e r e  a r e  

dangers i n  t he  f u t u r e  of  f a c i l i t a t e d  d i sease  outbreak and increased  i n t r a -  

s p e c i f i c  f i g h t i n g .  F i f t e e n  rh inos  died o f  haemorrhagic septicaemia i n  

Kaziranga i n  1974, and t h e  number of dea ths  from i n t r a s p e c i f i c  f i g h t i n g  

has been increas ing  (R. N. Sonowal , pers  . corn. , 1975) . 

7 . 2  Man agemen t 

Rhino conservat ion and management have t o  be considered i n  r e l a t i o n  t o  

t h e  conservat ion of  t h e  h a b i t a t  and o f  o t h e r  spec i e s ,  and t o  t h e  product ive 

u t i l i s a t i o n  of  t h e  p ro t ec t ed  a reas .  I t  i s  no t  f o r  s c i e n t i s t s  t o  decide the  

management procedures which should be employed in p ro t ec t ed  a reas .  Rather 

it i s  f o r  s c i e n t i s t s  t o  provide information which w i l l  enable  p r e d i c t i o n s  

t o  be made on t h e  r e s u l t s  o f  a number o f  p o s s i b l e  management procedures.  

F i r s t l y ,  t h e  aims of  t h e  p ro t ec t ed  a reas  must be defined.  Before one can 

decide how b e s t  t o  manage a park,  one must decide what t h e  purpose o f  t h e  

park is  supposed t o  be ,  and how one w i l l  r e conc i l e  i t s  ex is tence  with t h e  



encroaching pressures  o f  t h e  environs (Myers, 1972; ~ a u r i e ,  1974) . 
A s  t h e  Indian rh ino  i s  an endangered spec i e s ,  i t s  conservat ion has 

high p r i o r i t y  within t h e  n a t i o n a l  parks and r e se rves  i n  which it occurs .  

However, t h e  conservat ion of  sympatric endangered spec ies  such a s  t he  

t i g e r  and t h e  g h a r i a l  have a l s o  t o  be considered (Bolton, 1975) and t h e  

s u i t a b i l i t y  of  t h e  parks and reserves  f o r  game-viewing by t o u r i s t s  has  t o  

be taken  i n t o  account (Laurie ,  1973). In  t h i s  r e p o r t ,  I limit my d i scuss -  

ion  t o  t h e  conservat ion of t h e  rhino i t s e l f .  

Management may involve e i t h e r  a c t i v e  manipulation of  t h e  p l a n t  and 

animal communities o r  p ro t ec t ion  from modif icat ion o r  ex t e rna l  in f luences .  

As most b i o t i c  communities a r e  i n  a cons tan t  s t a t e  of  change due t o  pro-  

cesses  of ecologica l  succession,  it i s  o f t e n  necessary t o  manipulate t h e  

h a b i t a t  t o  maintain o r  a t t a i n  a des i red  s t a g e  o f  succession. The a l l u v i a l  

p l a i n  h a b i t a t s  of  Chitawan and Kaziranga a r e  maintained by t h e  f looding  

and changing o f  channels by the  r i v e r s  during t h e  monsoon. F i r e  a l s o  

p l ays  a p a r t  i n  maintaining t h e  d i v e r s i t y  o f  h a b i t a t  types i n  var ious  

s t ages  of  succession.  

In  t h e  small p ro t ec t ed  a reas  which remain, it w i l l  b e  d i f f i c u l t  t o  

ensure t h a t  t h e  present  d i v e r s i t y  of s u i t a b l e  h a b i t a t  types is maintained. 

I  examine below seve ra l  p o s s i b l e  courses o f  a c t i o n  which could a i d  i n  t h e  

conservat ion of  t h e  rh ino .  F i r s t l y ,  I consider  p o s s i b l e  forms of  h a b i t a t  

management wi th in  t h e  e x i s t i n g  pro tec ted  a reas .  Secondly, I d iscuss  t h e  

p o s s i b i l i t i e s  of en larg ing  t h e  present  p ro t ec t ed  a reas ,  and t h e  c rea t ion  

of  b u f f e r  zones. Thi rd ly ,  I consider t h e  p o s s i b i l i t y  of  re in t roducing  

rh inos  t o  o t h e r  p ro t ec t ed  a reas  within t h e  former range of t h e  spec ies ,  

thus  spreading out t h e  population and reducing t h e  dangers t o  t h e  whole 

populat ion of a catastrophe i n  any one l o c a l i t y .  



7.2.1 Management wi th in  e x i s t i n g  p ro t ec t ed  a reas  

7.2.1.1 Neval 

The Royal Chitawan National Park i s  too  small  t o  guarantee the  

e s s e n t i a l  d i v e r s i t y  of e a r l y  success iona l  vege ta t ion  types i n  t he  f u t u r e  

(Section 7.1.3), and t o o  small t o  include t h e  t o t a l  annual ranges o f  many 

of t h e  rhinos.  The high populat ion dens i ty  o f  rh inos  a t  t h e  boundaries 

of t h e  park results from the  high d i v e r s i t y  o f  vege ta t ion  types .  The 

scrubby woodland which occurs  where domestic s tock have been g r a ~ i n g ~ i s  

a t t r a c t i v e  t o  rh inos  during t h e  monsoon because t h e  grass  i s ' s h o r t  and 

lush (Sect ion 4.3.2) .  

Fencing, although use fu l  t o  demarcate t h e  boundary and t o  discourage 

c a t t l e  g r a z i e r s ,  has  not  been e f f e c t i v e  i n  excluding rh inos  from a g r i c u l -  

t u r a l  l and  (Laurie,  1973). During the  monsoon, fences and d i t ches  a r e  

rendered u s e l e s s  by t h e  r a p i d  changes i n  courses  o f  even minor s t reams,  

and t h e  rh inos  quickly l e a r n  t o  c ross  a  fence  a t  weak po in t s  o r  a t  

streams o r  r i v e r s .  Other ways t o  combat t h e  problem of  crop-raiding 

inc lude  t h e  formation of b u f f e r  zones (Sect ion 7.2.2) o r  changing the  

c u l t u r a l l y  i n h e r i t e d  movement p a t t e r n s  of  rh inos .  The l a t t e r  could be 

attempted by i n t e n s i v e  sca r ing  of  p a r t i c u l a r l y  t h e  younger animals i n  

t h e  f i e l d s ,  o r  discouraging animals from using t h e  scrubby woodland a reas  

ou t s ide  t h e  park a s  daytime re fuges  from nocturna l  crop-raids .  However, 

such opera t ions  a r e  d i f f i c u l t ,  because crops a r e  very a t t r a c t i v e  t o  

rh inos ,  and may r e s u l t  i n  them having t o  feed  f o r  a  s h o r t e r  time than 

they  would have t o  on o t h e r  food. The edge o f  t h e  park was c e r t a i n l y  more 

a t t r a c t i v e  t o  rh inos  p a r t l y  because of  t h e  proximity of  t he  a g r i c u l t u r a l  

land. 

The main agents  of  h a b i t a t  change wi th in  t h e  park a r e  f looding a d  

e ros ion .  These a r e  d i f f i c u l t  t o  employ a s  t o o l s  o f  management. However, 

t h e  increased  f looding dur ing  r ecen t  years  i s  probably caused by de fo re s t -  



a t i o n  i n  t h e  h i l l s  o f  Nepal which inc reases  t h e  run-off and r a i s e s  the  

l e v e l  of t h e  r i v e r  beds. Affores ta t ion  i n  t h e  h i l l s  could d i r e c t l y  b e n e f i t  

t h e  park by slowing down t h e  gradual southward movement of  both t h e  ~ a p t i  

and the  Naryani Rivers.  

F i r e  a l s o  he lps  t o  maintain t h e  edaphic climax of  t he  t a l l  r i v e r i n e  

grass lands  i n  Chitawan. So f a r  i t s  e f f e c t s  have been l e f t  l a r g e l y  t o  

chance. I t  was demonstrated t h a t  t h e  new regrowth of  g ra s s  a f t e r  burn ing  

a t t r a c t s  rh inos  from a wide a rea  during t h e  spr ing  months (Section 4.6) .  

Thus, p o t e n t i a l l y ,  f i r e  i s  a promising t o o l  o f  management. I t  could per -  

haps be used t o  draw rh inos  away from t h e  border  a r eas  where they  come 

i n t o  c o n f l i c t  with t h e  l o c a l  people.  However, t h e  border a reas  a r e  a l s o  

v i s i t e d  by t o u r i s t s  who want t o  s e e  rh inos :  thus ,pro tec t ing  these  a r e a s  

from f i r e  would h inder  t h e  game-viewing of  t h e  t o u r i s t s .  

The long term e f f e c t s  of burning annual ly  and o f  no t  burning a t  a l l  

have been i n s u f f i c i e n t l y  inves t iga ted .  Experiments a r e  needed t o  decide 

t h e  bes t  management procedures,  bu t  t h e  immediate po l i cy  should be  t o  

burn ex tens ive ly ,  p a r t i c u l a r l y  i n  t h e  c e n t r a l  a r eas  o f  t h e  park, in  t h e  

hope t h a t  rhinos w i l l  be a t t r a c t e d  from t h e  perimeter .  Experimental 

quadrats  should be s e t  up with f i r eb reaks  and fences t o  i n v e s t i g a t e  t h e  

e f f e c t s  of burning on t h e  grass  and on t h e  subsequent u t i l i s a t i o n  of  t h e  

g r a s s  by rh inos  and o t h e r  ungulates .  

The guard f o r c e  i n  t h e  park a r e  doing an exce l l en t  job: t h e  changes 

i n  t h e  grass  cover i n  a r eas  previously heav i ly  grazed by domestic s tock  

a r e  evidence of  t h i s .  Poaching has been v i r t u a l l y  el iminated i n  Chitawan, 

and t h e  only people allowed i n  t h e  park a r e  those  passing through on t h e  

t h r e e  r i g h t s  o f  way and g ra s scu t t e r s  during t h e  month t h a t  c u t t i n g  is 

permit ted.  The c u t t i n g  of  grass  f o r  t ha t ch  i s  e s s e n t i a l  f o r  t h e  people 

of  Chitawan Valley, b u t  every e f f o r t  should be made t o  f i n d  a l t e r n a t i v e  

s i t e s  o r  a l t e r n a t i v e  tha tch ing  ma te r i a l .  A proport ion of  t h e  revenue 



from tourism should be given t o  t he  l o c a l  governments a s  compensation f o r  

p u t t i n g  up with t h e  rh inos .  

In  Sect ion 7.2.2 I suggest  t h a t  "buf fer  zones" could be s e t  up in 

which s tock grazing was p roh ib i t ed  bu t  t h a t c h  g ra s s  c u t t i n g  was allowed. 

A s  long a s  c u t t i n g  i s  permi t ted  within t h e  National  Park, g rea t  emphasis 

should be put  on i ts  con t ro l  and, as f o r  f i r e ,  experiments should be s e t  

up t o  i n v e s t i g a t e  t h e  e f f e c t s  o f  annual c u t t i n g .  I t  i s  poss ib l e  t h a t  cu t -  

t i n g  o f  Imperata qlindrica,  which i s  unpala tab le  t~ rhinos except i n  t h e  

ve ry  young s t ages ,  i s  a  way o f  perpe tua t ing  t h e  spec i e s .  In a reas  where 

I. c y l i n d r i c a  has been burned, Saccharnun spp. a r e  becoming more common, 

e s p e c i a l l y  i n  t h e  we t t e r  a reas .  However, more research  i s  needed on t h e  

e f f e c t s  o f  both c u t t i n g  and burning. 

7.2.1.2 Ind ia  

(a) Human dis turbance 

Although t h e  idea  o f  mul t ip le  land use i s  admirable, t h e  juxta-  

p o s i t i o n  and in te rmingl ing  o f  w i l d l i f e  r e se rves  and c u l t i v a t i o n  i s  p a r t -  

i c u l a r l y  problematical .  I n  t h e  70 km2 Laokhawa Reserve t h e r e  a r e  2,000 

people who c u l t i v a t e  r i c e  and maize and graze 6,000 head o f  s tock .  Within 

such a  small  a r e a  t h e r e  i s  bound t o  be c o n f l i c t  between man and w i l d l i f e  

and indeed t h e  worst s e r i e s  o f  poaching i n c i d e n t s  i n  recent  years  was i n  

Loakhawa where 22 rh inos  were k i l l e d  i n  1974. 

The c o n f l i c t  between g r a z i e r s  and w i l d l i f e  i s  not  so severe,  bu t  when 

t h e  numbers of  domestic s tock  permit ted i s  s o  high t h a t  l a rge  a reas  of  t h e  

r e se rve  a r e  overgrazed, t h e  w i l d l i f e  i s  c e r t a i n  t o  s u f f e r .  'Ihis i s  t h e  

case  a t  Orang Reserve i n  Assam and a t  some o f  t h e  o t h e r  small  r e se rves  

(Laurie,  1975). In  l a r g e  reserves  b u f f a l o  and c a t t l e  grazing could a c t -  

u a l l y  be inc reas ing  t h e  car ry ing  capaci ty o f  t he  reserve  f o r  w i l d l i f e  by 

c rea t ing  new h a b i t a t  types  (Section 4.3.2) .  Despi te  t h e  poss ib l e  advantages 



of l imi t ed  s tock  grazing,  t h e r e  a r e  dangers of  t ransmission of  d i sease  

from t h e  s tock t o  t h e  wi ld  populat ions o f  ungulates  and t h e r e  a r e  dangers 

t h a t  t h e  g r a z i e r s  could s h e l t e r  poachers.  The p o s s i b i l i t i e s  of  mu l t ip l e  

land use  and t h e  c rea t ion  o f  bu f fe r  zones a r e  discussed i n  Sect ion 7.2.2. 

(b) F i r e  

F i r e  i s  used e f f e c t i v e l y  i n  Kaziranga t o  maintain i t s  high popula t ion  

of rhinos.  In  o the r  r e se rves  which a r e  a l s o  f o r e s t  p l an t a t ions ,  such a s  

Orang, t h e r e  have been no f i r e s  f o r  s i x  o r  seven years .  The e f f e c t s  on 

t h e  ungulate  populat ions a r e  not iceable ,  bu t  i n  reserves  which have more 

than a conservat ion a i m ,  t h e  rhinos have t o  t ake  a lower p r i o r i t y  than  

t h e  t r e e s .  The aim o f  each reserve  should be re-examined, and i f  it i s  

decided t o  manage such reserves  as Orang f o r  conservat ion,  burning should 

be implemented a s  a management procedure t o  i nc rease  t h e  car ry ing  capac i ty  

of t h e  a r e a  f o r  rh inos .  

(c )  Exotic  p l a n t s  

Ja ldapara  and Manas Reserves a r e  p a r t i c u l a r l y  badly a f f ec t ed  with t h e  

c reeper ,  Mikania scandens (Section 7.1.4) . In Ja ldapara ,  t h e  Fores t  Dep- 

artment of West Bengal have experimented by ploughing up small p l o t s  o f  

Mikania covered grass land ,  and p l an t ing  r i c e ,  m i l l e t ,  wheat, maize and 

Napier g ra s s  (Penn i se tm pedicillatwn) i n  an attempt t o  combat t h e  spread  

of Mikania and t o  provide food f o r  t h e  rh inos  and o the r  ungulates .  This  

s o l u t i o n  i s  u n s a t i s f a c t o r y  a s  it des t roys  t h e  n a t u r a l  h a b i t a t  and, a l though 

it provides food f o r  t h e  rhinos as a temporary measure, it cannot be  used 

on a l a r g e  sca l e .  

Fo res t e r s  and t ea -p l an te r s  have inves t iga t ed  both chemical and b i o -  

l og ica l  methods f o r  t h e  cont ro l  of Mikmia.  Spraying with 2,4-D i s  e f f e c t -  

i ve  but  has t o  be  repea ted  th ree  t imes pe r  year  and i s  q u i t e  expensive. 

Furthermore, it damages o t h e r  p l an t s :  Mikania has  t o  be removed from t h e  



t e a  bushes before being sprayed (Choudhury, 1972; M.  Borah, pe r s .  comm., 

1976) . 
Biological  con t ro l  o f  EILikmria us ing  t h e  p a r a s i t i c  dodder (Cuscuta 

reflexa) has been p a r t i a l l y  e f f e c t i v e ,  bu t  t h e  p a r a s i t e  i s  not  s u f f i c i e n t l y  

hos t - spec i f i c ,  and has spread onto t e a  garden shade t r e e s  l i k e  Acacia spp. 

and Cassia  spp. and a l s o  t o  some f o r e s t  t r e e s  such a s  Bauhinia spp. and 

Indigofera spp. (Choudhury, 1972). I t  c l e a r l y  i s  d i f f i c u l t  t o  use dodder 

a s  a method of b i o l o g i c a l  cont ro l  o f  M h i a  i n  n a t u r a l  ecosystems, and 

research  i n t o  o t h e r  p a r a s i t e s  such a s  r u s t s  and fungi  i s  u rgent ly  needed 

i f  J a ldapa ra  Reserve is  t o  be saved. 

The second problem connected with e x o t i c  p l a n t s  i s  t h a t  of t h e  s t r and -  

ing  o f  water hyacinth on t h e  grazing grounds o f  rh inos  i n  Kaziranga 

(Sect ion 7.1.4). Inves t iga t ions  a r e  needed i n t o  so lu t ions  t o  t h i s  problem. 

One poss ib l e  s o l u t i o n  l i e s  i n  regula t ing  t h e  speed of  withdrawal of t h e  

f lood waters a t  t h e  end of t h e  monsoon by t h e  use of  f lood  gates .  S e t t l i n g  

i s  worse i n  years  when t h e  f loods  recede slowly. Another p o s s i b i l i t y ,  

probably t h e  s imples t ,  would be t o  c l e a r  t h e  a f f e c t e d  a reas  a f t e r  t h e  

monsoon by mechanical means. Bio logica l  o r  chemical cont ro l  i s  

undes i rab le ,  a s  water hyacinth i s  a u se fu l  food source f o r  buf fa loes ,  

swamp deer  and rh inos  during t h e  monsoon and a t  o t h e r  t imes of  t h e  year  on 

s tanding water .  

7.2.2 Extensions t o  e x i s t i n g  p ro t ec t ed  a reas  

7.2.2.1 Nepal 

The Royal Chitawan National Park was extended from 546 km2 t o  907 km2 

i n  1977 (Section 2.1.7).  Most of the  ex tens ions  both t o  t h e  e a s t  and t h e  

west were o f  s a l  and h i l l  f o r e s t .  Some rh inos  l i v e  i n  t h e s e  a r eas  bu t  most 

l i v e  i n  t h e  lower r i v e r i n e  h a b i t a t s .  A t  p r e sen t  t h e  range of  t he  rh ino  i n  

Nepal i s  considerably l a r g e r  than t h e  a rea  of  f lood  p l a i n  within the  National 



Park. Rhinos inhab i t i ng  sub-optimum h a b i t a t s  ou t s ide  t h e  park f eed  by 

crop-ra id ing  through much o f  the year .  Cu l t i va t ed  land and p ro t ec t ed  

f o r e s t  a r eas  a r e  i n t e r spe r sed ,  p a r t i c u l a r l y  t o  t h e  e a s t  o f  t he  park,  s o  

t h a t  c o n f l i c t  between man and w i l d l i f e  i s  g rea t .  

A b a s i c  p r i n c i p l e  i n  iand use planning i s  t h a t  d i f f e r e n t  land a reas  

have d i f f e r en t  optimal u ses  which, when f i t t e d  toge the r  i n  an o v e r a l l  p l an ,  

w i l l  a ssure  t h e  optimal f u t u r e  p roduc t iv i ty  o f  t h e  land. Bad planning can 

cause considerable  d i f f i c u l t i e s :  i n  p a r t i c u l a r  when c u l t i v a t i o n  and 

se t t lement  ad jo in  n a t i o n a l  park boundaries.  The c rea t ion  o f  ' b u f f e r  

zones' around n a t i o n a l  parks has proved e f f e c t i v e  i n  reducing such problems. 

Limited c o l l e c t i o n  o f  f o r e s t  produce, s tock graz ing  and hunt ing have been 

permit ted i n  such b u f f e r  zones i n  Af r i ca  without  s e r ious  detriment t o  t h e  

t o t a l l y  p ro t ec t ed  a r e a s  (Myers, 1972) . 
However, i f  t he  p r i n c i p l e  of b u f f e r  zones i s  appl ied  t o  t he  problem of 

rhino conservat ion,  t h e r e  a r e  some obvious d i f f i c u l t i e s .  F i r s t l y ,  l i m i t e d  

s tock-grazing and t r e e - f e l l i n g  enhance t h e  environment f o r  rh inos  (Sect ion 

2.1.5.6) and a t t r a c t  rh inos  even c l o s e r  t o  t h e  boundary of c u l t i v a t i o n .  

The rh inos  l i v i n g  permanently outs ide  t h e  park i n  depleted f o r e s t  a r eas  

a r e  evidence of t h i s  (Sect ion 3.5). The p ro t ec t ed  f o r e s t  a reas  ou t s ide  

the  park a r e  t he  equivalent  t o  ' bu f f e r  zones' b u t  such zones o f t en  aggra- 

v a t e  t he  c o n f l i c t  between man and w i l d l i f e .  In Chitawan the  b e s t  approach 

t o  land use i s  t o  reduce t h e  degree o f  i n t e r s p e r s i o n  of  c u l t i v a t e d  and pro-  

t e c t e d  land,  and t o  reduce t h e  a v a i l a b i l i t y  o f  deple ted  f o r e s t  a r eas  

ad jacent  t o  c u l t i v a t i o n .  Fortunately,  t h e  r i v e r s  of  Chitawan provide use-  

f u l  n a t u r a l  boundaries t h a t  should be employed t o  f u l l  e f f e c t .  

If the  park was extended by a f u r t h e r  73 km2 t o  include t h e  a r e a  

south of  t h e  Rapti  River,  between Jaimangala and Amritia,  the  rh inos  a t  

p resent  l i v i n g  no r th  o f  t h e  Rapti  i n  Janakpur and Katar f o r e s t s  would b e  

ab le  t o  move south i n t o  exce l l en t  h a b i t a t  south of t he  r i v e r ,  and t h e  a r e a s  



nor th  o f  the  r i v e r  could be brought under product ive  a g r i c u l t u r e  o r  

allowed t o  grow tha t ch  g ra s s  o r  t o  be grazed by domestic s tock.  S i m i l a r l y ,  

t h e  narrow depleted f o r e s t  s t r i p  along t h e  nor thern  bank of  t h e  Naryani i n  

Nawalpur should n o t  be allowed t o  serve a s  a daytime refuge f o r  t h e  rh inos  

which feed  i n  t h e  f i e l d s  t h e r e .  Guards could be r e t a i n e d  t o  prevent poach- 

ing  of  rh inos  which c ross  t h e  Naryani, but  t h e  aim should be t o  l i m i t  r h inos  

t o  a reas  south o f  t h e  Naryani and Rapti  Rivers .  

The movement and rese t t lement  of  t h e  4,200 v i l l a g e r s  from t h e  Padampur 

pachayat (HMG, 1974) cannot be undertaken l i g h t l y .  The people a r e  of  a 

v a r i e t y  of  c a s t e s  inc luding  Tharus, Gurungs, Danuwars and Bot6s. There i s  

a need f o r  d e t a i l e d  soc io log ica l  research be fo re  t h e  a r e a  a t  present  under 

c u l t i v a t i o n  could be included wi th in  t h e  park.  

7.2.3 Reintroduct ions 

For t h e  reasons given i n  Sect ion 7.1, it i s  obviously wise t o  spread 

out  t h e  rhino populat ion a s  much a s  poss ib l e .  A s  well  a s  i n su r ing  aga ins t  

a ca tas t rophe  i n  one r e se rve ,  removal of  animals from t h e  most densely 

populated a reas  would he lp  t o  prevent overcrowding. In addi t ion ,  some o f  

t h e  smal le r  i s o l a t e d  r e se rves  i n  West Bengal and Assam would probably bene- 

fit from t h e  in t roduc t ion  o f  new genes i n t o  t h e i r  rhino populat ions.  

There a r e  s eve ra l  p ro t ec t ed  a reas  wi th in  the  former range o f  t h e  

Indian rhino which might be s u i t a b l e  f o r  r e in t roduc t ion .  La1 Suhandra N. P. 

i n  Pakistan,  Corbet t  N.P. and Dudhwa N.P. i n  U t t a r  Pradesh and t h e  Champaran 

Forest  Reserve i n  Bihar a r e  a l l  p o s s i b i l i t i e s .  Krishne Gowda (1974) has  

a l s o  proposed the  r e in t roduc t ion  of rh inos  i n t o  South India .  Within Nepal, 

t h e  Karnali Wi ld l i fe  Reserve and the  Sukla Phanta Wild l i fe  Reserve a r e  both  

p o s s i b l e  s i t e s  f o r  r e in t roduc t ion  of rh inos  (see Fig.  7.1). 

Careful  cons idera t ion  should be given t o  t h e  needs o f  t h e  rhinos:  t h e  

i n i t i a l  s t age  of  a r e in t roduc t ion  scheme would involve a d e t a i l e d  s tudy o f  



F i g .  7.1. Possible s i t e s  for reintroduction of  rhinos. 

t h e  proposed s i t e s  f o r  re in t roduct ion  i n  o rde r  t o  decide whether they  were 

s u i t a b l e .  There should be adequate s epa ra t ion  between farmland and rh ino  

h a b i t a t  t o  prevent  excessive crop r a id ing .  Dudhwa N.P. i n  Ind ia  and Karn- 

a l i  Wi ld l i fe  Reserve i n  Nepal would be p a r t i c u l a r l y  s u i t a b l e ,  as they  a r e  

l a r g e l y  separa ted  from c u l t i v a t i o n  by r i v e r s .  It i s  a l s o  poss ib l e  t h a t  

newly introduced rh inos  would be t imid  and r e l u c t a n t  t o  e n t e r  farmland. 

If r e in t roduc t ions  t o  o the r  r e se rves  go ahead, t he  rh inos  should be 

caught i n  overcrowded reserves  o r  i n  a reas  ou t s ide  pro tec ted  a reas  which 

a r e  des t ined  t o  be turned over  t o  a g r i c u l t u r e  (Section 7 . 2 . 2 ) .  Tranqui l -  

i z a t i o n  using M.99 would be t h e  most s u i t a b l e  method o f  capture.  This  

drug has been used successfu l ly  i n  zoos and i n  t h e  wild i n  Nepal. When 

t h e  Nepalese east-west  Highway is  completed t h e  t r i p  from Chitawan t o  

Karnali  would be a  mat te r  o f  only a  few hours.  

Transfer  wi th in  Nepal poses few problems bu t  t h e r e  a r e  p o l i t i c a l  

complications f o r  t r a n s f e r  between s t a t e s  i n  India .  In p a r t i c u l a r ,  t h e  

Assamese S t a t e  Government i s  concerned t h a t  t h e i r  monopoly on the  r h i n o s  

as a t o u r i s t  a t t r a c t i o n  would disappear.  However, such problems can be  

overcome, and it is  e s s e n t i a l  f o r  t h e  f u t u r e  o f  t h e  Indian rh ino  t h a t  

every e f f o r t  should be made t o  re in t roduce  it i n t o  s u i t a b l e  reserves .  



APPENDIX A 

A b r i e f  desc r ip t ion  o f  t h e  f i v e  l i v i n g  spec i e s  o f  rhinoceros 

with a summary o f  t h e i r  pas t  and p re sen t  d i s t r i b u t i o n s  

(a)  Dicerorhinus swnatrensis G .  Fischer ,  1814; t h e  Sumatran o r  

A s i a t i c  two horned rhinoceros.  

D. swnatrensis is  a r e l a t i v e l y  small rhino:  both males and females 

s tand  only 1 . 2  - 1.4 metres a t  t h e  shoulder and weigh 800 -900 kgs ( see  

Table 6 .1) .  Three d i s t i n c t  subspecies  a r e  recognised; from Sumatra and 

Malaya, Borneo and mainland south-east  Asia  r e spec t ive ly  (Groves, 1967a; 

Groves and Kurt, 1972). There a r e  two d i s t i n c t i v e  sk in  fo lds ;  one en- 

c f r c l i n g  t h e  t runk  j u s t  behind the f o r e l e g s  and another  j u s t  a n t e r i o r  t o  

t h e  h ind  l e g s  which does no t  go over t h e  back.  The sk in  i s  smooth but  

o f t en  very  ha i ry .  There a r e  two horns i n  tandem ( l a r g e r  i n  males),  t h e  

f r o n t  one, on t h e  t i p  of t h e  muzzle, being considerably l a r g e r  than t h e  

r e a r  one (Groves, 1971) . There is  one p a i r  o f  i n c i s o r s  i n  each j  awl t h e  

lower p a i r  a r e  modified a s  l a r g e  sharp f o m a r d  poin t ing  tusks  and the  

upper p a i r  have l a r g e  f l a t t e n e d  crowns (Pocock, 1945).. The pre-molars 

and molars a r e  v e r y  s i m i l a r  t o  each o t h e r  and r e l a t i v e l y  low crowned 

with t r ansve r se  r i dges  of  enamel (Walker, 1964) i n d i c a t i n g  a non- 

spec i a l i zed  browsing h a b i t  (Osborn, 1898) . 
Van S t r i e n  (1974) summarized 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  

Sumatran rhino.  Un t i l  e a r l y  i n  t h i s  century it was s t i l l  widely d i s t r i b -  

u t ed  i n  h i l l y  r a i n f o r e s t  a r eas  from Assam t o  Vietnam and on the  i s l a n d s  

of Borneo and Sumatra. Borner (1977), a f t e r  t h r e e  years  of  survey work, 

concluded t h a t  t h e r e  were 56-84 Sumatran r h i n o s  i n  f i v e  a r eas  i n  Sumatra. 

R.  Flynn (pers .  corn.,  1976) concluded t h a t  t h e r e  were l e s s  than 30 in  



West Malaysia, mainly concentrated i n  t h e  Endau-Rompin region o f  t h e  S t a t e  

of Johore. In Thailand t h e  Sumatran rh ino  is  repor ted  from f i v e  a r e a s ,  

but  populat ions a r e  very  small (McNeely and Laurie ,  1977). There a r e  

severa l  o t h e r  small  populat ions i n  Borneo and Burma (Borner, 1977) b u t  t h e  

numbers a r e  not  known. The world popula t ion  is  probably l e s s  than  300 i n -  

d iv idua l s  and t h e r e  a r e  none i n  c a p t i v i t y .  S t r i ck l and  (1967) s tud ied  t h e  

feeding  h a b i t s  of a few ind iv idua l s  i n  Malaya, and Borner (1977) and R.  

Flynn ( i n  prep.) have made recent  s t u d i e s  of t h e  ecology and behaviour  of  

t h e  spec ies ,  mainly by following t r acks .  

(b) Dicems bicomis Linnaeus, 1758: t h e  Black o r  Prehensi le- l ipped 

rhinoceros.  

D. b icomis s t ands  about 1.65 metres a t  t h e  shoulder  and weighs b e t -  

ween 720 and 1,300 kgs (see Table 6 .1) .  The s k i n  i s  smooth, almost h a i r -  

l e s s ,  and is n o t  fo lded  t o  t h e  ex ten t  o f  t h a t  o f  t h e  Asian spec i e s  of 

rhinoceros.  The upper l i p  i s  t r i a n g u l a r  i n  shape, p rehens i l e  and very  

mobile. There a r e  two horns i n  tandem which a r e  very va r i ab l e  i n  prop- 

o r t i o n s  and shape, and measure up t o  135 cms (Ward, 1935). D. bicomis  

has short-crowned molars and premolars - a brachyodont d e n t i t i o n  - and 

t h e r e  a r e  no i n c i s o r s  o r  canines. The b lack  rh ino ,  i n  common with o t h e r  

rh inos ,  has  a very  high number of  chromosomes (2n = 84; Hungerford e t  al. , 
1967). The whi te  r h i n o ' s  d ip lo id  number is  82 (Heinichen, 1969); t h a t  o f  

t h e  Indian rh ino  i s  a l s o  82 (Wurster and Benirschke, 1968). 

The h i s t o r i c a l  range o f  t he  black rh ino  extended through Af r i ca  from 

t h e  south-western Cape northwards t o  Sudan and Nigeria ,  although i t  neve r  

occurred i n  r a i n f o r e s t  reg ions .  Today t h e  black rh ino  s t i l l  occurs  i n  

dry  bush country and p a r t i c u l a r l y  i n  thorn  scrub over  much of  t h i s  range 

bu t  i t s  numbers a r e  being very r ap id ly  reduced (E .M. Monks, p e r s  . cornm., 



1977). Hi tch ins  (1968a, 1969, 1970, 1971),  Goddard (1966, 1967a, 1967b, 

1968, 1969, 1970a, 1970b, 1970c), Schenkel and Schenkel-Hulliger (1969a), 

Joube r t  and Elof f  (1971) and Mukinya (1973, 1976, 1977) have made r ecen t  

ecologica l  and behavioural  s t u d i e s  of  t h e  s p e c i e s  i n  t h e  wi ld .  

(c) C e r a t o t h e r i u m  sirman Burchel l ,  1817: t h e  White o r  Square-lipped 

rhinoceros.  

C. simwn i s  t h e  l a r g e s t  o f  al l  spec i e s  of rhinoceros,with a shoulder  

he ight  o f  1.7 - 1.8 metres and a body weight o f  up t o  2,300 kgs (Owen- 

Smith, 1975; Table 6 .1) .  There a r e  two subspecies  o f  white rhinoceros:  

C.S. cot tmi  which was h i s t o r i c a l l y  r e s t r i c t e d  t o  t h e  west bank of t h e  

upper Ni le  (Hel le r ,  1913),  and C.S. simwn which occurred over much of  

southern Afr ica  from t h e  Orange and Vaal Rivers  i n  t h e  south t o  t h e  

Zambezi r i v e r  i n  t he  n o r t h  (P layer  and Feely, 1960). 

C. s i m  i s  d i s t i ngu i shed  from t h e  sympatr ic  D. bicomis by i t s  

l a r g e r  s i z e ,  i t s  nuchal hump, i t s  s t r a i g h t e r  back and i t s  l a r g e r  head 

with broad square l i p s .  The lower l i p  bea r s  a hardened pad (Van den 

Bergh, 1955). Skin-folds  a r e  l i t t l e  developed bu t  Alexander and Player  

(1965) recorded cons iderable  s h o r t  body h a i r  i n  t h e  southern subspecies .  

There a r e  two horns i n  tandem, t h e  a n t e r i o r  one usua l ly  considerably 

l a r g e r  than t h e  o t h e r .  The cheek-teeth a r e  hypsodont, o r  high-crowned, 

and cement-covered and t h e r e  a r e  no i n c i s o r s  o r  canines i n  e i t h e r  jaw 

(Groves, 1972) . 
Owen-Smith (1973) summarized the  p a s t  and p re sen t  d i s t r i b u t i o n s  of 

t h e  white rhino and descr ibed t h e  massive dec l ine  i n  numbers during t h e  

n ine t een th  century a s  a r e s u l t  o f  hunt ing p re s su re .  Now t h e  southern r a c e  

i s  recovering i n  numbers, and populat ions have been r e -e s t ab l i shed  by 

t r a n s l o c a t i o n  i n  s eve ra l  p a r t s  of  i t s  former range. However, t h e r e  a r e  



probably not  more than 4,000 ind iv idua l s  o f  t h e  southern race and n o t  

more than  1,000 ind iv idua l s  o f  t h e  nor thern  race.  Both races  l i v e  i n  

genera l ly  dry  open mixed woodland and grass land  h a b i t a t s .  Backhaus (1964) 

s tudied  t h e  northern r ace  b r i e f l y  b u t ,  a p a r t  from t h a t  s tudy,  t h e  only  

long term s c i e n t i f i c  s tudy o f  t h e  spec i e s  was by Owen-Smith (1971, 1972, 

1973, 1975) on t h e  southern race. 

(d) Rhinoceros sondaicus Desmarest, 1822 : t h e  Javan o r  Lesser  

one-homed rhinoceros.  

R. sondaicus has t h i c k  genera l ly  h a i r l e s s  sk in  with t h r e e  f o l d s  

ac ros s  t h e  back and o t h e r s  around t h e  neck and l e g s .  I t  s tands  1.4 - 1 . 7  

metres at t h e  shoulder ,  and weights have been repor ted  of  between 1,500 

and 2,300 kgs (Hoogemerf, 1970; Lekagul and McNeely, 1977). There is 

a s i n g l e  r a t h e r  s h o r t  n a s a l  horn, l a r g e r  i n  males. Inc i so r  t u sks  a r e  

present  i n  both sexes in t h e  lower jaw, and the  molars and premolars a r e  

short-crowned o r  brachyodont. The upper l i p  i s  pointed and p rehens i l e ,  

and hangs over t h e  lower l i p  when a t  rest. 

The Javan rh ino  was found formerly i n  Java,  Sumatra, West Malaysia, 

Thai land,  Indochina, south-western China and p a r t s  o f  t h e  Brahmaputra 

Valley and t h e  Sundedans  (Pollok and Thom, 1900; Imbert, 1921; Bishop, 

1933; Sowerby, 1936; Shebbeare , 1953; Sody, 1959 ; Groves, 1967a; 

Hoogerwerf, 1970). Today the  only known populat ion i s  i n  t h e  r a i n f o r e s t e d  

Ujung Kulon Reserve of  western Java where t h e r e  were 45-55 ind iv idua l s  

i n  August 1975 (Schenkel and Schenkel-Hulliger,  1977). I t  i s  poss ib l e  

t h a t  a few ind iv idua l s  surv ive  i n  t he  Bolovens Plateau region o f  Laos 

(Neese, 1975), t h e  Cardamom Mountains o f  Kampuchea (McNeely and Laurie,  

1977) and t h e  Tennasserim Range on t h e  Burma-Thailand border (McNeely 

and Cronin, 1975) . 



Schenkel and Schenkel-Hulliger (1969b) s t u d i e d  t h e  ecology and 
t 

behaviour o f  R. sondaicus,  and Hoogerwerf (1970) publ ished a comprehensive 

account o f  many years  o f  observa t ions  i n  Ujung Kulon. Hartmann Amman 

(pers .  comm., 1978) s t a r t e d  a s tudy of feeding  and ranging behaviour i n  

Ujung Kulon i n  1978. 

( e )  Rhinoceros m i c o m i s  Linnaeus, 1758: t h e  Indian o r  Grea ter  one- 

homed rhinoceros.  

R. t n i c o m i s  is  a much more massive animal than  R. sondaicus,  h ighe r  

a t  t h e  shoulder  (Table 6 .1) ,  with a l a r g e r  head, and with more developed 

sk in  f o l d s  around t h e  neck. Only two s k i n  f o l d s  e n c i r c l e  t h e  t runk ,  i n  

con t r a s t  with t h r e e  i n  R. sonddcus. Adults i n  c a p t i v i t y  have weighed 

between 1,600 and 2,070 kgs with males being gene ra l ly  heavier  (Lang, 

1961, 1967). Both sexes  have a s i n g l e  wel l  developed nasa l  horn which 

reaches a maximum length of  about 60 cms (Ward, 1935; Wazim Khan, p e r s .  

comm., 1975). I n c i s o r  t u s k s  a r e  a l s o  p re sen t ,  and t h e  molars and p re -  

molars a r e  hypsodont o r  high-crowned, with a complex enamel p a t t e r n .  

Once d i s t r i b u t e d  from Pakistan t o  Northern Burma along t h e  River  

v a l l e y s  Indus, Ganges and Brahmaputra (Sect ion 1 .3 ) ,  t h e r e  a r e  now c. 1,100 

g r e a t e r  one-horned rh inos  r e s t r i c t e d  t o  seven small reserves  i n  Assam and 

West Bengal and t h e i r  environs and t h e  Royal Chitawan National Park, Nepal. 



APPENDIX B 
\ 

The evolu t ionary  o r i g i n s  of t h e  l i v i n g  spec ies  of  rhinoceros 

The first known rhinoceroses a r e  found i n  sediments of  Eocene age: 

they  probably arose from t h e  hyrachyids,  a group o f  p r imi t ive  t a p i r s  

( e l b e r t  ,--1935) .- The t r u e  rhinoceroses o r  Rhinocerot idae  were one o f  

t h r e e  f ami l i e s  of rhinoceroses i n  t h e  Eocene. The Hyracondontidae o r  

w i n g  rhinoceroses and t h e  Amynodontidae o r  aqua t i c  rhinoceroses dom- 

i n a t e d  t h e  upland and lowland h a b i t a t s  r e s p e c t i v e l y ,  b u t  were l a r g e l y  

rep laced  by t h e  Rhinocerotidae i n  t h e  Oligocene. The Rhinocerotidae 

remained a dominant family o f  mammals during t h e  Oligocene and Miocene 

epochs with at l e a s t  e i g h t  evolu t ionary  l i n e s  occupying a wide range o f  

grazing n iches  throughout Eurasia ,  A f r i c a  and North America (Thenius 

and Hofer, 1960). Evolut ionary t r ends  exh ib i t ed  by these  l ineages i n -  

cluded ( i )  an inc rease  i n  general body s i z e ,  ( i i )  t h e  development of 

broad three- toed  f e e t ,  ( i i i )  molar izat ion o f  t h e  premolars,  ( i v )  a 

lengthening of t h e  crowns of  the  cheek t e e t h  and (v) t h e  development, 

on t h e  skul1,of horns which were unique i n  lack ing  a bony core (Colbert ,  

1935). 

Among t h e  many forms o f  rhinoceros was t h e  g i an t  horn less  

BaZuchitheriwn gr rmger i  f r o m  t h e  Miocene o f  Mongolia, t h e  l a r g e s t  land 

mmal  known, with a shoulder  height  o f  nea r ly  s i x  metres and a t o t a l  

l ength  o f  almost n ine  metres (Osborn, 1923) . The p r imi t ive  ho rn le s s  o r  

small  horned Aceratheres  and Diceratheres  with two horns s ide  by s i d e  

were widespread i n  Europe and North America u n t i l  t h e  end o f  t h e  Miocene . 
The Miocene and Pl iocene Teleocerines a r e  t y p i f i e d  by TeZeoceras, a 

squa t  heavy bodied North American form which resembled a hippopotamus 



with a s i n g l e  small horn a t  t he  end of t h e  nose. The Teleocerines were 

a q u a t i c  i n  h a b i t  and l i v e d  i n  l a rge  herds (Osborn, 1923). During t h e  

Pl iocene many rh inoceros  spec i e s  became e x t i n c t  and only  a very few 

l i n e s  continued i n t o  t h e  P le i s tocene  when they  had t o  contend with t h e  

s e l e c t i v e  pressures  o f  a severe  c l imate ,  hunt ing by e a r l y  man and wide- 

spread h a b i t a t  changes (Martin and Wright , 1967) . 
Among those forms which survived i n t o  t h e  P le i s tocene  were t h e  huge 

Elasmotheres with a s i n g l e  l a rge  horn on t h e  f r o n t a l . r e g i o n  and high 

crowned molars with a complex laminated enamel p a t t e r n  (Osborn, 1923), 

ev iden t ly  an adapta t ion  f o r  grazing t h e  hard Eurasian s teppe grasses .  

Apart from the  Teleocer ines  which died out in t h e  e a r l y  P le i s tocene ,  t he  

o t h e r  t h r e e  forms of rhinoceros which survived i n t o  t h e  Pleis tocene a r e  

s t i l l  represented among t h e  f i v e  ex tan t  spec i e s  o f  today, which may be 

grouped wi th in  t h r e e  d i s t i n c t  sub-famil ies:  The Dicerof i inae ,  t h e  

Dicerinae and the  Rhinocerotinae (Thenius and Hofer, 1960; Thenius, 1969). 

The Dicerorhinae can be t r a c e d  back 40 mi l l i on  years  t o  t he  t a p i r  

s i z e d  Dicerorhinus tagLeus of  t h e  Oligocene o f  Europe where t h e  group 

evolved. The Dicerorhinae a r e  charac te r ized  by two horns i n  tandem and 

a tendency towards o s s i f i c a t i o n  o f  t h e  n a s a l  septum. Zeuner (1934) 

concluded t h a t  t h e r e  were t h r e e  main l i n e s  o f  t h e  Dicerorhinae; t h e  

f i rs t ,  d i s t i n c t  in t h e  Pliocene, ended i n  t h e  woolly rhinoceros,  CoeZo- 

donta  a n t i q u i t a t i s ,  which inhabi ted  Europe during t h e  l a t e r  Ice  Ages. 

In CoeZodonta, i n c i s o r s  and canines were completely reduced, molars 

were hypsodont o r  high crowned and t h e  s k u l l  was g r e a t l y  lengthened; 

a l l  adapta t ions  t o  a graminivorous d i e t .  The second l i n e  a l s o  developed 

i n  g ra s s  s teppe  and is  represented  by D. hemitoechus and Merck's rh ino-  

ce ros ,  D. k i rchbezyens is ,  while t h e  t h i r d  l i n e ,  one of  t h e  most p r i m i t i v e ,  

adapted t o  t h e  t r o p i c a l  r a i n f o r e s t  and is  now represented  by D. sunatrensis. 

The e a r l i e s t  r ep re sen ta t ive  of  t h e  group i n  southern Asia i s  t h e  f l a t  nosed 



W 
platyrhynus of  t h e  Indian Pl iocene and Ple i s tocene .  This  

spec i e s  and C. etruseus from t h e  Pl iocene were f o r e s t  dwelling browsing 

spec ies  which once l i v e d  i n  t h e  broad f o r e s t  b e l t  which then extended 

from eas t e rn  England t o  northern I n d i a  (Osborn, 1923) . 
The Dicerinae resemble the  Dicerorhinae i n  having two horns i n  

tandem,but t h e  nasa l  septum i s  not  o s s i f i e d  and the re  a r e  no i n c i s o r s  

o r  canines.  A t  one t ime they  were thought t o  have a r i s e n  from t h e  

i n c i s o r - l e s s  CoeZoduntu (Osborn, 1923) bu t  t h i s  i s  un l ike ly ,  and t h e i r  

e a r l y  phylogeny i s  s t i l l  obscure. The abe r r an t  Paradiceros mukiri i  o f  

t h e  l a t e  Miocene o f  Kenya ind ica t e s  t h a t  t h e  group had an independent 

African o r i g i n  (Hooijer,  1966; Hooijer  and Pa t te rson ,  1972). The l a t e  

Pl iocene Cerathotherium praecm of Kenya shows resemblances t o  both t h e  

modem spec ie s ,  Diceros b i m m i s  and C. simwn, and ind ica t e s  t h a t  

Ceratotheriwn diverged from the Diceros l ineage  about fou r  mi l l ion  yea r s  

ago (Hooijer and Pa t te rson ,  1972). The d i f f e r e n c e s  i n  den t i t i on  between 

t h e  black rhinoceros and t h e  white rhinoceros a r e  r e l a t e d  t o  t h e i r  d i f f e r -  

e n t  d i e t a r y  adapta t ions  as described above, and t h e  morphological adapt - 

a t i o n s  t o  grazing i n  ~ e r a t o t h e r i k  evolved independently from those  of  

CoeZodwrta,which they  s t rong ly  resemble (Owen-Smith, 1973). The r a d i a t i o n  

o f  Ceratotheriwn from t h e  Diceros s tock  was probably r e l a t e d  t o  t h e  

expansion in  t h e  ex t en t  o f  grassland during Pl iocene droughts i n  Af r i ca .  

The Rhinocerotinae, which include t h e  two l i v i n g  spec ies  Rhinoceros 

wricomis and R. smdcricus, can only be t r a c e d  back a s  f a r  as t h e  Pl iocene 

R. palmindictis and t h e  Miocene GaindatherYiwn b m i  from t h e  Siwalik h i l l s  

of northern Ind ia  (Osborn, 1900; Colber t ,  1935). The o r i g i n s  of t he  

phylum a r e  unknown: no Rhinocerotinae have been found i n  Europe although 

they  were probably der ived  f r o m t h e  Oligocene Caenopus. They a r e  char-  

ac t e r i zed  by a l a r g e  s i n g l e  horn, a forwardly i n c l i n e d  occiput  and well  

developed lower i n c i s o r  t u sks .  



Of t h e  l i v i n g  spec i e s ,  R. sondcricus i s  t h e  more p r imi t ive ,  having 

a l t e r e d  l i t t l e  s ince  t h e  e a r l y  Pl iocene (Colber t ,  1935),  and d i f f e r i n g  

from R. wlicornis i n  having low crowned cheek t e e t h ,  be ing  s l i g h t l y  

smal le r  and feeding mainly on browse r a t h e r  than g r a s s  (Appendix A). 



APPENDIX C 

Kaziranga National Park and t h e  o t h e r  r e se rves  f o r  rh inos  i n  India .  

1. KAZIRANGA NATIONAL PARK, ASSAM ( 9 3 ' 3 0 ' ~  26'30 'N) 

The Kaziranga National Park (430 km2) i s  s i t u a t e d  on t h e  southern 

bank of t h e  Brahmaputra River a t  t h e  f o o t  o f  t h e  Mikir H i l l s .  Numerous 

r i v e r s  and s t reams flow through t h e  park and t h e r e  a r e  many permanent 

'bheels '  o r  lakes .  The s o i l s  were a l l  a l l u v i a l  depos i t s  of  t he  Brahma- 

p u t r a  and i t s  t r i b u t a r i e s .  The vegeta t ion  i s  mixed grasslands and r i v e r -  

i n e  woodland with grass lands  predominating i n  t h e  west. T a l l  g rasses  

grow on t h e  h ighe r  ground and s h o r t  g rasses  grow on the  lower ground 

surrounding the  l akes .  The climate i s  monsoonal with a mean annual 

r a i n f a l l  o f  1,828 mm, 90% of  which f a l l s  between Apr i l  and October ( see  

Fig. A. l) .  

Annual f loods  inundate almost t h e  whole 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 s  from June t o  October and even in  December much o f  t h e  lower 

ly ing  ground is under water .  During t h e  dry season t h e  t a l l  grass land  

i s  burned by t h e  park s t a f f  t o  encourage t h e  growth o f  l u sh  young grass .  

Both f i r e  and f loods  have helped t o  maintain t h e  h a b i t a t  a s  it i s  now 

f o r  thousands o f  years  (Lahan and Sonowal, 1973; S p i l l e t ,  1966). 

The management of  t h e  park i s  t h e  r e s p o n s i b i l i t y  o f  t h e  Forest  

Department which maintains  a s t a f f  o f  183 men i n  34 guard p o s t s  and 

o f f i c e s .  There a r e  20 elephants  a t tached  t o  t h e  park,  which a r e  used 

f o r  p a t r o l  work and f o r  t ak ing  t o u r i s t s  on t r i p s  t o  watch animals. 

Most a r eas  can be  v i s i t e d  by four-wheel d r i v e  veh ic l e s  during t h e  dry 

season, bu t  boa ts  a r e  necessary f o r  t r a v e l  wi th in  t h e  park during t h e  

monsoon. Guards spend long periods during t h e  monsoon cu t  o f f  from 
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F .  A.1. &an month@ rain fa l l  a t  Hathikuli Tea Gmden, 1959-75. 

l and  i n  guard p o s t s  b u i l t  on s t i l t s .  Control  of poaching has been very  

good i n  recent  years .  Since t h e  National Park was gaze t ted  i n  1975, many 

profess iona l  Nepali  g r a z i e r s  have been moved out  o f  t h e  park,  but  one 

group rema'ins in the  no r th  o f  t h e  park on t h e  bank o f  t h e  Brahmaputra. 

In  add i t i on  t h e r e  is  some encroachment by c u l t i v a t o r s  on t h e  southern 

boundary . 
There a r e  probably about 600 rh inos  i n  Kaziranga and t h e i r  numbers 

a r e  increas ing  (Lahan and Sonowal , 19 73) . Elephant,  wi ld  bu f fa lo ,  swamp 

deer ,  hog deer ,  wi ld  boar  and t i g e r s  a r e  a l s o  common. 

2. MANAS WILDLIFE SANCTUARY (90°50'E 26O40'M) 

S i t u a t e d  on the  Assam-Bhutan border  a t  t h e  po in t  where the Manas 

River  flows out from t h e  h i l l s  and s p l i t s  i n t o  t h r e e  d i f f e r e n t  r i v e r s ,  

t h e  Manas Wild l i fe  Sanctuary covers 580 km2 of  r i v e r i n e  grasslands and 



f o r e s t s  and sub t rop ica l  evergreen f o r e s t s .  

The Sanctuary i s  famous f o r  t i g e r ,  b u f f a l o  and f i s h i n g ,  and a l s o  

supports  a populat ion o f  about 40 rh inos .  Encroachment, poaching and 

i l l e g a l  c o l l e c t i o n  of  f o r e s t  produce have been successfu l ly  curbed s i n c e  

t h e  Sanctuary was accorded t h e  s t a t u s  o f  one o f  e igh t  Indian Tiger  

Reserves (Jackson, 1977) . 

3 .  ORANG WILDLIFE SANCTUARY (9Z05'E 26'201N) 

S i tua t ed  on t h e  northern bank o f  t h e  Brahmaputra between Gauhati 

and Tezpur, t h e  Orang Sanctuary (65 km2) i s  a l s o  a f o r e s t  p l a n t a t i o n .  

In an upper dry  grass land  a rea  the  t r e e s  a r e  p ro t ec t ed  from f i r e  by 

ex tens ive  f i r e b r e a k s  d iv id ing  the  a r e a  i n t o  f i r eb locks .  Most o f  t h i s  

a r e a  has been unburned s i n c e  1972. A s  a r e s u l t ,  much o f  it i s  now 

covered with th i ck  matted Sacchanun s t a l k s  and leaves  - mainly dead and 

unpala tab le  t o  t h e  ungulates .  Rhinos and o t h e r  ungulates  graze t h e  

f resh  shoots  dur ing  s p r i n g  i n  the few burn t  areas. 

The lower p a r t  of t h e  Sanctuary c o n s i s t s  o f  a swampy a rea  annual ly 

flooded by t h e  Brahmaputra, which harbours t h e  rhino populat ion during 

t h e  dry  season. As i n  a l l  t h e  w i l d l i f e  r e se rves  o f  Assam, t h e  bu f fa lo  

graz ing  r i g h t s  a r e  s o l d  t o  Nepali herdsmen who l i v e  wi th in  t h e  sanc tuary :  

i n  Orang they  have transformed t h e  surroundings of t h e i r  v i l l a g e  i n t o  

heavi ly  grazed s h o r t  g rass land .  Such heavy graz ing  i s  a t h r e a t  t o  t h e  

rh ino  population which now stands at about 25-30 ind iv idua l s .  

4 .  LAOKHAWA RESERVE (9 2' 30 ' E 26' 15 'N) 

Laokhawa Reserve (70 km2) is s i t u a t e d  on t h e  south bank o f  t h e  

Brahmaputra, 80 kms west o f  Kaziranga. I t  probably he ld  the  t h i r d  l a r g e s t  

population o f  rh inos  i n  Assam u n t i l  a few years  ago, b u t  it is seve re ly  



t h r ea t ened  by poaching, c u l t i v a t i o n  and s tock-grazing.  People a r e  

allowed t o  l i v e  and c u l t i v a t e  i n  f o r e s t  v i l l a g e s  wi th in  t h e  reserve  i n  

r e t u r n  f o r  a c e r t a i n  amount o f  f r e e  labour  f o r  t h e  Forest  Department. 

Nepali  herdsmen and Moslem fishermen pay t h e  Fores t  Department f o r  t h e  

graz ing  and f i s h i n g  r i g h t s ,  and the  g ra s s -cu t t i ng  i s  so ld  t o  con t r ac to r s .  

There a r e  l a r g e  expanses o f  sho r t  g rass land ,  rough Zizyphus and 

Itun& scrub,  and sirnu2 and koroi  p l a n t a t i o n s  with low sparse under- 

growth. The few bheeik,  surrounded by Qpha and A m d o  reeds and 

p a l a t a b l e  andropogonous grasses ,  a re  frequented by rh inos  and bu f fa loes ,  

b u t  t h e i r  numbers a r e  very low. Local Fores t  Department es t imates  f o r  

t h e  rh ino  populat ion range from 80-150 b u t  I  would es t imate  l e s s  than  

50. There were 22 cases  of  poaching discovered during 1974 alone. 

5 .  SONAI RUPAI WILDLIFE RESERVE ( 9 2 ' 2 5 ' ~  26050tN) 

The Sonai Rupai Reserve cons i s t s  o f  195 km2 of  subt ropica l  evergreen 

f o r e s t  and patches o f  grass land  bes ide  t h e  Gabru River. Rhinos a r e  

r e s t r i c t e d  almost e n t i r e l y  t o  a small swampy a r e a  bes ide  t h e  Gabru River ,  

which is  a l s o  used by herdsmen who pay graz ing  f e e s  and l i v e  wi th in  t h e  

r e se rve  with t h e i r  l a r g e  herds o f  bu f fa lo .  There a r e  probably only  about 

15 rh inos  i n  t h e  a r ea .  

6. OCCURRENCE OF RHINOS OUTSIDE RESERVES I N  ASSAM 

Rhinos a r e  by no means confined t o  p ro t ec t ed  a reas .  Annual f looding  

causes ex tens ive  migrat ion o f  rhinos from t h e  lower f lood  p l a i n s  t o  h ighe r  

ground. Apart from these  seasonal  movements, t h e r e  a r e  a l s o  r e p o r t s  o f  

rh inos  in t h e  S i n g r i  H i l l s  e a s t  of Orang and in t h e  t e a  e s t a t e s  n o r t h  o f  

t h e  Brahmaputra, oppos i te  Kaziranga. Un t i l  very  r ecen t ly ,  rhinos e x i s t e d  

i n  f o r e s t s  nea r  North Lakhimpur but such r e p o r t s  a r e  g e t t i n g  l e s s  f requent .  



7. JALDAPARA WILDLIFE SANCTUARY ( 8 9 O 3 0 ' ~  260401N) 

Ja ldapa ra  (115 km2) i s  loca ted  i n  t h e  f lood  p l a i n s  of  t he  Torsa and 

blalangi Rivers  i n  West Bengal, and i s  i n t e r s e c t e d  by numerous s t reams.  

The vegeta t ion  i s  very  similar t o  t h a t  o f  Chitawan: annual f loods  and 

f i r e  maintain a high d i v e r s i t y  of  e a r l y  success iona l  s t ages  inc luding  

grass lands ,  reedy swamps and r i v e r i n e  f o r e s t s .  

Although c o l l e c t i o n  of  f o r e s t  produce and grazing a r e  p roh ib i t ed ,  

such p r a c t i c e s  a r e  d i f f i c u l t  t o  prevent .  This  i s  pa r t l y .due  t o  t h e  . 

unusual shape of  t h e  sanc tuary  - r a t h e r  l i k e  a p a i r  o f  t r o u s e r s  - which 

r e s u l t s  i n  a very long boundary. Pro tec t ion  aga ins t  poaching and encroach- 

ment has  improved in recent  years:  armed guards o f  t h e  National Volunteer  

force  were s t a t i o n e d  a t  t h e  reserve  a f t e r  a pe r iod  o f  heavy poaching b e t -  

ween 1971 and 1973, during which 29 rh inos  were k i l l e d .  There a r e  now 

probably 30-40 rh inos  i n  Ja ldapara .  

*/' 

/ 
8. GORUMARA RESERVE (89O00 '~  260401N) 

This  t i n y  r e se rve  (4 km2) 80 kms west o f  Ja ldapara ,  l i e s  a t  t h e  

junc t ion  of  t h e  Ja ldacca  and Murti Rivers .  I t  cons i s t s  of r i v e r i n e  

grassland,  and i s  surrounded by commercial sal f o r e s t .  Rhinos o r i g i n a l l y  

t r a v e l l e d  between Gorumara and Chapramari Reserve t o  t he  n o r t h ,  b u t  a new 

road now r e s t r i c t s  t h e  few (c. 5) which remain, t o  t h e  southern r e se rve .  

During t h e  monsoon t h e  whole reserve  i s  f looded,  and t h e  animals r e t r e a t  

i n t o  t h e  s a l  f o r e s t .  



APPENDIX D 

Family: 

ACANTHACEAE 

ANACARD IACEAE 

A l i s t  o f  p l a n t s  c o l l e c t e d  i n  t h e  s tudy a r e a  

* denotes  ea ten  by rhinos.  

ANONACEAE 

AMARANTACEAE 

APOCYANACEAE 

ARACEAE 

ASC LEP IADACEAE 

BAMBUSACEAE 

BIGNONIACEAE 

B1 XACEAE 

BOMBACAC EAE 

BORAGINACEAE 

Adhatoda uasica Nee S. 

Phtqacrmthus t h y r s i f b r u s  (Roxb . ) Nees . 
R q i a  parviflom Nees. 
GoZdfussia nutans Nees. 

* ~uchmumia Za-tifo Zia Roxb . 
Lannea commcmde Zica (Hout t . ) Merr . 

* Mangifem indica L. 
~ h u s  jazrrnica L. 
.%mecarpus anacardiwn L. f . 
MiZiusa veZutina H.f. 6 Th. 

* A l t e m t h e r a  ses s i l i s  (L. ) DC. 

AZstunia schoZaris ( L . )  R. Brown 
* HoZarrhena mtidysentr ica Wallich ex DC. 

VaZZaris soZanaceae (L.) 0. Kuntze 

* Pist ia  s trat iotes  L. 
* Remusatia sp .  

CaZotropis gigantea (L. ) Dryand. 

* Dendrocahus s t r ic tus  Nees. 

Stereospermm che Zmoides (L. f . ) DC. 

* XyZmma ZongifoZiwn Clos.  

* bbmbax ceiba L. 

* Ehretiu Zaevis Roxb. 
* Cordia grandis Roxb. 
* QnqZossum zeylanieum 'hunberg ex Lehmann 

C. gZochidia-tw/l Wallich ex Bentham 
C.  bifurcatum L. 

BURSERACEAE Garzqa pinnata Roxb. 

CARYOPHYLLACEAE * PoZycarpm indicum (Forsk) Asher & Schweinf. 
* SteZZmYia sp. 

CAPPARIDACEAE C Z m e  sp. 



C ELASTRAC EAE 

CERATOPHY LLACEAE 

CHENOPOD IAC EAE 

COMBRETACEAE 

COMPOSITAE 

COMMELINACEAE 

CONIFERAE 

CONVOLWLACEAE 

CRUC IFERAE 

CUCURB ITACEAE 

CUPULIFERAE 

CYPERACEAE 

'Cassine g Zauca (Rot t b  . ) 0.  Kunt ze 

* Chenopodium album L. 

Anognsissus ZatifoZius (Roxb) Wall. 
* TerminaZia beZZirica (Gaertn .) Roxb . 

T.  chebuZa Retz. 
8. alata Heyne ex  Roth. 

Agemtum conyzoides L .  
Arternisia vulgaris L.  
A. indica Willd. 
CaesuZia a iZZar is  Roxb . 
Cirsiwn waZZichii M=. 
EcZipta pmstrata L.  
Erigemn bonariensis L.  
Eupatoriwn odoratwn L. 
Maphatiurn Zuteo-aZhun 
InuZa q p a  DC. 
Yotozgia japonica (L.) DC. 
Crassocephalwn crepidioides 

* Bnmetina bengazensis L .  
* CLnmrneZina sp .  

Cyanotis sp .  

Piaus roxbuqhii  Sargent 

* Argyreia speciosa Sweet 
A. rmbwghi i  Choisy 
Cuscuta reflexa Roxb. 

* Ipanoea qurrnocZit L. 
* I .  aquutica Forsk. 

Rorippa nasturtium-aquaticurn (L. ) Hayek 
* Raphanus sativus L.  

* Zehneriu rnaysorensis (Wight . G Am .) Am. 
2. indica (Lour. ) Keraudren- Aymonin 
Mukia rnaderaspatana (L.) Roem. 

* Trichosmthes dioica L. 
* Cucwnis sativus L. 

Alnus nepaZensis D. Don 

C a r e x  cmtinua C.B. Clarke 
ScZeria Zaevis Retz. 
KyZ Zinga brevi foZia Rottboel l 
K.  coZorata (L.) Druce 
Mariscus sieberianus Nees ex S teudl .  
M. paniceus (Rottb.)  Vahl 
Cyperus d i  f fomis  L.  
C. digitatus Roxb. 
C.  rnersuri L. 



CYPERACEAE 
(continued) 

* C. niveus L. 
* C. piZosus Vahl 
* C. rotmdus L. 
* Pimbristylis dichotoma (L.) Vahl 
* Schoeno-pZectus mucrmatus ( L . )  P a l l a  
* Pycreus gbbosus (Al l . )  Reichenb. 

D 1  LLENIACEAE * DiZZenia indica L. 
* D. pen-yna Roxburgh . 

DIOSCOREACEAE Dioscorea sp .  

D I PTHEROCARPACEAE * Shorea robusta Gaertn. f . 
E LAEOCARPACEAE EZaeocqus tector-ius (Lour.) Poi r  

EQUISETACEAE Equisetum sp. 
* E. debiZe Roxb. 

EUPHORBIACEAE * 
Baccaurea sapida (Roxb) Mue l l. -Arg . 
BrideZia retusa Spreng. 
Croton grandis Roxb. 
Macarrmga dent icdata  Muell.-Arg. 
MaZZotus phiZZippensis (Lam.) Muell.-Arg. 
M. nepazensis Muell .-Arg. 
Macarqa indica W i  ght . 
Euphorbia hir ta L. 
E. fusifomni8 Buch.-Ham. ex D .  Don 
Phy ZZanthus embZica L. 
Drypetes roxburghii (Wall .) Hurusawa 
~ r e w i a  nudiflora L -  
Sapit071 insigne Benth. 

FLACOURTICEAE 

GENT IANACEAE 

GRAMINAE 

Casearia g Zomerata Roxb . 
S e r t i a  rmgustifoZia Hamilton ex  D .  Don 

* ApZuda mutica L. 
Aristida adscenswnis L. 

* A m d o  danax L .  
* AmdineZZa bengalensis (Spreng . ) Druce 

A. nepazensis Tr in .  
* Brachiaria m o s a  (L. ) Stapf .  
* CapiZZipediwn assimiZe (Steud.) A. Camus 
* Chrysopogon acicuZatus (Ret z . ) Trin  . 
* C. gryZZus (L.) T r in .  
* Coix Zachryma-jobi L .  
* Qjmbopogm flexuosus (Nees ex Steud.) W. Wats 
* C. o l iv ier i  (Boiss.)  Bor 

C. pendulus (Nees ex Steud.)  
* Cynodon dacty Zm (L. ) Pers . 
* Dactyzoctenh aegyptitrn (L.) P .  Beauv. 
* Desmostachya bipinnata (L.) S tapf .  
* Digitaria c i l i a r i s  (Retz.) Koeler 
* D. setigera Roth apud Roem e t  Schul t .  
* EchinochZoa coZona (L.) Link 



GRAMINAE * .  
(continued) * 

* 

GNETACEAE 

HYDROCHARITIACEAE 

HY POX I DACEAE 

E. crusgaZZi (L.) P .  Beauv. 
EZeusine indica (L. ) Gaertn . 
Eragrostis atrodrens (Desf .) Trin ex Steud. 
E. c i l iar is  (L.) R .  B r .  
E. coarctata Stapf .  apud Hook. f .  
E. japonica (Thunb .) Trin.  
E. teneZZa (L.) P. Beauv. ex Roem e t  Schult .  
E. unwZoides (Retz .) Nees ex Steud. 
Hygrorhgza aris tata (Retz .) Nees ex Wight & Am. 
EuZaZia fastigiata (Nees) Haines 
EuZaZiopsis binata (Retz.) C.E. Hubbard 
Hemarthria ampressa (L.f.) R.  B r .  
Heteropogon contortus (L.) P .  Beauv. ex Roem 4 Schult .  
hperata cyZindrica (L.) P .  Beauv. 
LeptochZoa ch.inensis (L. ) Nees 
Narenga fa2Za.z (Balansa) Bor - 
N. porphyrocwma (Hance) Bov. 
Ne yraudia reynaudiana (Kunth) Kent ex Hitchc . 
OpZisrnenus sp. 
Paniaun mmbogiense Balansa 
PaspaZum distichun L. 
P. scmbicuZatwn (L.) 
Paspalidium flawidan (Ret z . ) A. Camus 
P-ites kurka (Retz.) Trin.  ex Steud. 
Fogonathem crinitwn (Thunb .) Kunth 
Pseudopcgonathenon contortznm (Brongn.) A. Camus 
PoZypogon monspeZiwrsis (L.) Desf. 
Sacchanun armdinacewn Retz. 
S. mmja Roxb. 
S. procerwn Roxb. 
S. spontmrewn L. 
Erianthus fiZifoZius (Steud.) Hackel 
E. Zongisetosus Anderson 
E. rufipiZus (Steud.) Griseb . 
E. r a v m a e  (L.) Beauv. 
S e t d o  g Zauca (L.) Beauv. 
S. paZZide-J2lsca (Schumach.) Stapf.  E C.E. Hubbard 
S. pZicata (Lam.) T .  Cooke 
SporoboZus diander (Retz .) P. Beauv. 
Themeda armdinaceae (Roxb . ) Ridley 
T. caudata (Nees.) A. Camus 
T. viZZosa (Poir.) A. Camus 
Thyrsia zea (Clarke) Stapf.  
Thysanotaena maxima (Roxb.) 0. Kuntze 
Vetiveria zizanoides (L.) Nash 
Zea mays L. 
Oryza sativa L.  
T r i t i a a  arvense L. 

* metun sp. 

* &driZZa verticiZZata ( L . f . )  Royle 
* VaZZisneria natmrs (Lour.) Hara 

CucmZigo orchioides 



LABIATAE 

LECYTHIDACEAE 

LEGUMINOSAE 

LENT1 BULARIACEAE 

LILIACEAE 

* CoZebrookia oppositifoZia Smith 
Rabdosia coetsa (Buch, -Ham. ex  D. Don) Hara 

* Leucas moZZissima Wal l. 
L. pzukenetii Spreng. 
lcLicmerYia integerrimwn Benth . 

* Pcgostemon bengazensis (Bum. f .) 0. Kuntze 

* Litsaea monopetata (Roxb .) Persoon 
Persea s p .  

* Careya arborea Roxb. 

* Acacia catechu (L. f . ) W i  l ldenow 
* A. p m a t a  (L.) Willdenow 
* A. concinna DC. 
* A. ZmticuZaris Buch . -Ham.  

AZbizzia g m  b Zei Prain 
* A. Zshbek (L.) Benth. 

A. Zucida Bentham 
A. odoratissima Benth . 

* Bauhinia m~Zab&ca Roxburgh 
* B. purpwea L. 

B. racmosa Lam. 
* B. vahZii Wight & Arnott  

B. d g a t a  L.  
* Butea monospma (Lam. ) Tanb. 

Cassia fiskula L. 
* DaZbeqia sissoo Roxb. 
* D. stipuZaceae Roxburgh 

Erythmha suberosa Roxb . 
* MiZZettia sxtmsa (Benth .) Baker 
* FZemingia strobiZifera (L.) R. B r .  ex A i t  . 

Desmodium oo jeinense (Roxb .) Ohashi 
* SpathoboZz parvifLorms (Roxb .) 0.  Kuntze 
* Crotataria aZbida Hyne ex  Roth 

Tfidigophera puZche ZZa Roxburgh 
TrigoneZZa sp .  
CaesaZpinia bonduc (L. ) Roxb . 
C. decapetaZa (Roth.) Alston 
Cqjmzus sativa L. 

* Cassia tora L. 
Darnodium sp .  
Lespedeza eriocarpa DC. 

* Mimosa rubricauZis Lam. 
M. pudica L. 

I 

* Lemna perpusizza Torrey 
* SpirodeZa poQrhyza L. 
* WoZffia globosa (Roxb.) Hartog 6 Plas 

* UtricuZaria aurea Loureiro 

* Asparq us rammos us W i  l1 d. 
SmiZax ZmceifoZia Roxb. 

* S.  ova2i f~Zia  (Roxb.) ex  D.  Don 
AZZitlm cepa L. 
A. satimm L.  
A. waZZichii Kunth. 



Reimardtia indica Dumort i e r  LINACEAE 

LOGAN IACEAE 

LYTHRACEAE 

BuddZeia asiatica Lour. 

~cp7erstreemia parui fbra Roxb . 
RotaZa rot mdifoZia (Roxb . ) Koehne i n  Engl . 
Woodfordia flructicosa (L. ) Kurz . 
Kydia caZycina Roxb . 
Hibiscus sp.  
Sida acuta Burman F .  
S. rhombifoZia L. 
~hespes ia  h p a s  (Cavan.) Dalz e t  Gibs. 
Urena Zobata L. 

MA LVACEAE 

MarsiZia tetraphy ZZa L .  MARS I L IAC EAE 

ME LASTOhiACEAE 

Azadirachta indica A. Juss  
Toona ciZiata M. Roem. 
Chisocheton paniculatus L. 

MELIACEAE 

Stephimia japmica (Thunb.) Miers 
HoZopteZea integri fozia Planch 

MEN ISPERMACEAE 

MORACEAE Ficus semicordata Hamilton ex J . E .  Smith 
F. g Zabemirna B1.  
F. racernosa L. 
F. reZigiosa L. 
F. auricutata Loureiro 
Cannabis sativa L. 
Streb Zus asper Loureiro 

MUSACEAE 

MY RTACEAE Syzygiun curnini (L.) Skeels  
S.  opercuzatus (Roxb. ) Merr. 
EucaZyptus sp  . 
Psidiurn guajava L.  

OPHIOGLOSSACEAE ReZrninthostachys zey2anicu.s (L. ) Hooker 
0phic.g Zossurn petiozatwn Hooker 

ORCHIDACEAE 

OXALIDACEAE 

PAUAE CaZmus tenuis Roxb. 
Phoenix acauZis Buch. 
P. hwniZis Royle 

Piper nepazense Miguel PIPERACEAE 

POLYGALACEAE PoZygaZa sp. 
P. abyssinica R. B r .  



POLY GONACEAE 

PO LY PODIACEAE 

PONTEDERIACEAE 

POTAMOGETONACEAE 

PUNICACEAE 

RANUNCULACEAE 

RHAEfN ACE AE 

ROSAC EAE 

RUBIACEAE 

RUTACEAE 

SABIACEAE 

SAPINDACEAE 

SAPOTACEAE 

SAURAUIACEAE 

SCHIZAECEAE 

SCITAMINAE 

* Persicaria barbata (L. ) Hara 
* PoZyganum pleb* R. Brown 
* P e r s i c h a  g Zabra (Wi l ld. ) Hara 

* Pteris v i t ta ta  L. 
* Dryopteris sp. 

* Monochoria has tu ta  ( L .  ) So lms . 

Punica granaturn L. 

* Zizyphus rnauritania Lam. 
Z .  q o s a  Lam. 
Rhamnus nipazensis (Wall.) M .  Lanson in Hook. f. 

WendZmdia t i n c t o d a  (Roxb . ) DC. 
Adina cor&LfoZia (Willd. ex Roxb .) hooker f. 
hthocephalus c h b a  Migue l 
Eriobotqa japonica Lindl . 
@rnenodictoyon excezswn (Roxb . ) Wall ich 
M t r q y n a  parviflora Korth. 
moxia coqrnbosa Wil Id. 
Mussaenda macrophg ZZa Wall. 
Hedyotis Zineata (Roxb .) 
Coffea bengaZensis Heyne ex Roem. 6 Schultes 
Mussamda frondosa L. 
Xercmphis spinosa (Thunb . ) Keay 

* AegZe rnarrnezos ( L . )  Correa 
Citrus rnedica L. 

* Murraya koenigii Spreng. 
Micmrne Zwn pubescens Hook. f . 
MeZimrna simpZicifoZia (Roxb .) Ualpers 

NepheZiwn Zitchi Camb. 

Aesandra buwraceae (Roxb . ) 
Madhwa ZongifoZia (Koenig) MacBride 

Saurauia nepauzensis DC. 

~ygodiwn flexuoswn (L.) SW 
L. japonicwn (Thunb .) SW 

* Zingiber capitcztwn Roxb. 
Hedychh spicaatm Smith in Rees 
GZobba rammosa Smith 
Zingiber officinaZe Rosc. 

SCROPHULARIACEAE Smparia dulcis L. 



SELAGINELLACEAE 

S IFIARUBACEAE 

SOJANCEAE 

SONNERATIACEAE 

STAPHY LACEAE 

STERCULIACEAE 

TAMARICACEAE 

TETRAME LACEAE 

THEAC EAE 

TILLIACEAE 

TY PHACEAE 

UMBELLI FERAE 

URT I CAC EAE 

VERBENACEAE 

VITACEAE 

Brucea moZZis Wall. 

* S o Z m  indimm L .  
S. er-ianthwn D .  Don 

* S. torum Swartz. 
* S. surabtense Burm. f .  

Nicotiana tabaaun L.  
Datura sp . 
Capsiceun a n n w  L. 

Duabania grandiflora (Roxb . ) Walpers 

Bischofia javanica Blume 

StercuZia palZens Wall. 
S. v i  ZZosa Roxb . 
Tamarix dioica Roxb. 
T. inaica Willd. 

ire t r m z  Zes izudi flora R .  BT. 

Schima tlaZZichii (DC) Korthals 

* Greuia subinaequaZis DC. 
* G. hainesiana Hole 

G. pwniZa Bud.-Ham. 
* G. scZerophy ZZa Roxb. 

Triwnfetta sp .  

mpha eZephantina Roxb . 
Oenanthe javanica ( B1. ) DC. 
SeZinun tenuifoZium Wal l .  ex C .  B. C l a rke  var .  

stoZmifera (DC. ) Murata 

* Gonostegia pentandra (Roxb .) Mig. 
Boehmeria macrophy ZZa D. Don 
Urtica dioica L. 
Girardiaia diversi fozia (Link) F r i l s  e t  aZ ( ined . )  

QneZina arborea L. 
Tectma grandis L. 
Cazyopteris odorata (D. Don) B. L. Robinson 
Verbena off5icinaZis L .  

* CaZZicarpa macrophy ZZa Vahl . 
CZerodendron viscosum Vent ellat 

* Lantana m a r a  L. 
* &ma obtusifoZia R. Br. 
* Lippia nodiflora Rich 

Leea mmpactiflora Kurz . 
L. indiea (Burm. f . ) Merr. 

Sources: Brandis (1906) , Kanj i la l  (1911) , Bor (1960), Hara e t  aZ. (1978) . 



APPENDIX E 

Common and s c i e n t i f i c  names of animals mentioned i n  t h e  t e x t  

Sources f o r  t h e  Nepalese spec ies  a r e  Swan and Leviton (1962), 
Ellerman and Morrison-Scott  (1964), Mi t che l l  (1975), and 
Fleming e t  al .  (1976). 

(a) blammal s 

Order Primata 

01 ive  baboon 
Gelada baboon 

* Rhesus macaque 
* Common langur 

Order Lagomorpha 

* Indian hare  

Order Carnivora 

Smooth Indian o t t e r  
S lo th  b e a r  
A s i a t i c  jacka l  
Indian wild dog (dhole) 
Indian fox 
S t r i p e d  hyena 
Jungle c a t  
Fishing c a t  
Tiger  
Leopard 

Order Pinnipedia  

Fur s e a l  

Order Cetacea 

* Gangetic dolphin 
* Narwhal 

Order Proboscides 

African elephant  
* Asian elephant  

Papio anubis Fischer  
Theropithecus gelada Riippel l 
Macaca m u k t t a  Zimmerman 
Fresbytis enteZZus Dufresne 

Lepus nigricoZZis Cuvier 

Latra perspicizzata Geoffroy 
MeZursus ursinus Shaw 
Canis aweus Linnaeus 
Cuan alpinus P a l l a s  
QuZpes bengatensis Shaw 
Hyaena hyaena Linnaeus 
Fe Z i s  chaus Gii l den s t ae d t  
FeZis viverrina Bennet t 
Pcmthera t i g r i s  Linnaeus 
Panthem pardus Linnaeus 

ArctocephaZus austraZis Schreber 

TZatanista gangetica Wagler 
Monodon monoceros Linnaeus 

Loxodonta af4ricana Cuvier 
EZephas mazimus Linnaeus 

* denotes animals which occur  i n  Chitawan. 



Order Per i ssodac ty la  

* Greater  one-horned 
(Indian) rhinoceros Rhinoceros unicornis Linnaeus 

Lesser one-horned 
(Javan) rhinoceros Rhinoceros sondaicus Desmarest 

Black rh inoceros  Diceros bicornis Linnaeus 
White rhinoceros Ceratotherhm simwn Burche l l 
Sumatran rhinoceros Dicerorhinus sumatrensis F i s  cher 
P l a ins  zebra  Equus burche Z Z i  Gray 

Order Ar t iodac ty la  

Hippopot amus 
MO o se  
Red deer  
Reindeer 

* Sambhar 
* C h i t a l  
* Hog deer  
* Indian muntjac 

Swamp deer  
Wild goat 
Mountain goat 
Mountain sheep 
Indian b u f f a l o  
African b u f f a l o  

* Gaur 
Bison 
Waterbuck 
Impal a 
Thomson's g a z e l l e  

* Wild p i g  
Warthog 
Bearded p i g  
Collared peccary 

Hippopotamus amphibius Limaeus  
AZces aZces Linnaeus 
Cervus eZephas Linnaeus 
Rang i f  er tarandus Linnaeus 
Cervus unicozor Kerr 
Axis axis Erxleben 
Axis poreinus Zimmerman 
Mwrtiacus munt jak Zimmerman 
Cervus dumuceZi Cuvier 
Capra hircus Linnaeus 
Ormnos  americanus Bla inv i l l e  
Ovis cmradensis Shaw 
BubaZus bubaZis Linnaeus 
Syncer us caf fer  Sparrman 
Bos gaurus H. Smith 
Bison bison Linnaeus 
Kobus de fassa Riippel l 
Aepyceros melampus Lichtenstein 
Gaze ZZa thansonii Giinther 
Sus scrofa Linnaeus 
Phawchoerus aethiopicus P a l l a s  
Sus barbatus Miiller 
Dicoty Zes tajacus Linnaeus 

@) Birds and r e p t i l e s  

* Common mynah Acridotheres t r i s t i s  Linnaeus 
* Gharial  GaviaZis gangeticus Gmelin 
* Mugger o r  Marsh c rocodi le  CrocodiZus pazustris Lesson 
* Indian s t a r r e d  t o r t o i s e  Testudo eZongata Blyth 
* Monitor l i z a r d s  Varanus monitor Linnaeus 

Vamnus flavescens Gray 
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APPENDIX G 

The r e s u l t s  of time-sampling observa t ions  on feeding, 

lumped f o r  each h a b i t a t  and season 

SAL FOREST 

Food types 

Sacchamm spontanezun ( M )  
S. munja ( M )  
Phrqmites karka 
Themeda viZZosa 
Vetiveria zizanoides 
i in perata cy lindrica 
Clerodendrm v i s c o m  
CaZ Zicarpa macrophy ZZa 
Acacia condnna 
Phy ZZanthus emb Zica 
Litsaea monopetaZa 
Bauhinia maZabariarm 
MaZZotus phi ZZippensis 
Syzygiwn cumini 
SpathoZobus parvifZorus 
Sy zygiwn opercuzatus 
Bauhinia vah Z i i  
Shorea robus ta  
StercuZia viZZosa 
F i e u s  semicordata 
BrideZia retusa 
Mhosa rubricauZis 
Careya arboma 
WendZandia t inctoria 
DiZZenia indica 
TeminaZia chebu Za 
TeminaZia be ZZirica 
MiZiusa veZutina 
Buchanania Zatifo l i a  
Unident if ied t r e e s  

1 period 
44 minutes 

Number of  minutes' 
Avai l ab l e  Eat en 

2 2 0 
23 0 

5 0 
4 2 3 8 
10 2 
2 3 3 
13 0 
11 0 
2 8 0 
10 0 

2 0 
1 0 

15 0 
5 0 

10 0 
12  0 
32 0 
2 7  2 
16 0 
6 0 

12 0 
10 0 
6 0 
2 0 

2 7 0 
4 0 

13 0 
S 0 

15 0 
16 2 



APPENDIX G (continued).  

TALL GRASSUWD 

Food types 

Saccharwn spontanaun ( M )  
I1 11 (B) 
11 l 1  (R) 

S. m j a  ( M )  
" (B) 
" (R) 

Narenga porphyrocana (M) 
It 11 (B) 
11 11 I R) 

Erianthus ravennae 
Saccharurn procenm 
Ancncio donax 
Phragmites karka 
Thyrsia zea 
Therneda vi l Zosa 
Vetiveria zizanoides 
Ap Zuda rnutica 
!l'ypha e Zephantina 
Imperata cy Zindrica 
Qnodon dact y Zon 
Setaria pa l l ide -Wca  
Hmarthria m p r e s s a  
E'imbris t y  Zis d icho ta  a 
Ageratwn cmyzoides 
Zehneria rnqjsormis  
Clerodendron viscosum 
Arternisia vuZgaris 
Callicarpa macrophy l l a  
Calotropis gigantea 
CoZebmokia opposit i f o l i a  
Pogos ternon benga lens i s  
Eupatoriun odoraatrn 
Zizyphus jrcjuba 
Cassia tora 
Ranunnclus s c h r a t u s  
Cordia grandis 
Litsaea rnonopetala 
Bcnbax ceiba 
Bauhinia rnatabaricum 
Trew i a  nudi f 20 ra 
Mallotus phi2 lippensis 
Butea rnonospena 
Unidentified creeper 
Trewia n u d i f l o m  ( f r u i t s )  
Hydri Z l a  v e r t i c i l l a t a  
and o ther  aquat ic  p lan ts  

34 periods 
S63 minutes 

Number of  minutes 
Available Eaten 

38 17 
125 13 
264 182 

39 2 1 
237 8 4 
299 165 

10 8 
45  0 

147 9 2 
4 1 

43 10 
8 2 

13 2 
2 1 
8 6 

5 0 

165 10 
19 2 
2 0 

14 0 

3 1 ' 0  
123 12 
110 ' 31 

1 0 
196 , 16 
2 7 10 

1 1 O 
4 0 

7 0 
1 0 

1 
6 7 0 
4 7 0 
7 7 0 
10 

3 
1 
l 

1 
7 l 7  

JJAS 9 periods 
159 minutes 

Number of  minutes 
Available Eaten 

2 2 10 

13 6 

12 8 

7 4 

3 0 

3 3 
9 0 

11 6 
2 4 14 
2 0 8 

1 0 
7 0 

11 0 
1 0 

18 0 
S 0 

8 0 

1 0 

7 0 

4 0 
2 0 
S S 

10 periods 
mDJ 205 minutes 

Number of minutes 
Available Eaten 

199 132 

111 S9 

32 29 

2 3 3 
22 2 
20 12 

3 1 

12 1 

10 0 
S S 

100 15 

18 0 
19 2 

83 12 
101 22 
127 0 
86 S 
96 35 
4 4 1 

2 0 
1 0 

42 3 
2 1 1 
3 3 0 



APPENDIX G (continued) . 

SiORT GRASSLAND 

Food types 

Sacchamm spon tanam ( M )  
I t  11 (B) 
11 I !  (R) 

S. munja ( M )  
" (B) 
" (R) 

Iiarenga porphyronma (B) 
I !  11 (R) 

Vetiveria zizanoides 
linperata cy Zindrica 
Qnodon dacty Zon 
Chrysopogon acicu Zatus 
Fimbristy l i s  d i c h o t a a  
Ky l l ing ia  colorata 
Carex continua 
Qperua spp. (small) 
Polygonurn plebujum 
Equisetm sp. 
Erigeron bonuriensis 
Ipmaea quamoclit 
Dryopteris sp. 
Cirsiwn wa ZZichii 
Artenisia ul lgaris  
Callicarpa macrophylla 
Calotropis gigan tea 
Cotebmokia opposi t i fo l ia  
Pogos temon beng a lens is 
Eupatoriwn odoraatm 
Zizyphua jujuba 
Cassia tora 
SoZcmum i nd icm 
Phy tlanthus emblica 
Ranunculus sczeratus 
Litsaea monopetala 
Tmwia nudi f Zora 
Bmbm ceiba (flowers) 
H y d r i l l a v e r t i c i l l a t a a n d  
other  aquat ic  p lan ts  
Hygrvrhyza ar is  ta ta  

17 periods 
*lAb' 319 minutes 

Nuhe r  of minutes 
Available Eaten 

3 0 
25 3 

16 0 
39 32 
6 2 
6 6 
3 1 

10 0 
2 3 1 19 7 

5 3 
2 1 
3 0 
2 0 
4 0 

5 3 19 
3 8 4 

63 0 
6 0 
2 0 

15 0 

2 0 

7 0 
10 9 
24 17 

JJAS 9 periods 
159 minutes 

Number of minutes 
Available Eaten 

11 3 

4 8 3 8 

12 5 
2 1 10 
76 60 

10 3 
2 2 
2 2 

4 4 3 2 
3 1 

17 0 
8 0 

13 0 

2 1 

3 1 
1 0 
4 0 

47 2 8 

39 2 8 

10 periods 
@lDJ 205 minutes 

Nunber o f  minutes 
Available Eaten 

5 9 33 

- 33 2 3 

13 0 
130 9 1 
60 44 

2 2 

2 3 2 2 

3 3 

25 6 
4 4 20 
5 0 

2 8 0 
16 8 
4 2 
9 3 

5 3 
5 1 
4 0 

11 0 

4 4 25 



APPENDIX G (continued) . 

TALS 

Food types  

Saccharum spun t a n a m  ( C t )  
Armdo donm 
Phragmites kurka 
Themeda v i  Zlosa 
Ve t i ver ia  zizanoides 
Typha e Zephantina 
Imperata cy lindrica 
&nodon 
~aspaZidiwn fihvidun 
Paspalwn scmbicutatwn 
Oplismenus sp .  
Aquat ic  g rasses  
@ P m  spp. ( l a r g e )  
&perms spp. (smal l )  
Polygmwn plebujwn 
Piper nepatense 
Pteris v i t t a ta  
Gonos tegia pen tcordra 
DaZbezyia sissoo 
Bombax ceiba 
HydriZZa verticiZZata 
and o t h e r  a q u a t i c  p l a n t s  

14 per iods  
183 minutes 

Nunker of minutes 
Ava i lab le  Eaten 

47 20 
37 19 
5 0 
2 1 

10 2 
16 0 
2 2 2 

6 2 
6 1 

1 3  8 
11 0 
6 6 
4 0 

15 2 
1 0 

16 14 
2 1 

152 127 

JJAS 8 per iods  
92 minutes 

Number of minutes 
Avai lable  Eaten 

18 3 
39 2 1 

8 5 

6 1 

14 10 
34 19 
11 8 

10 0 

79 5 4 

ONDJ 1 p e r i o d  
26 minutes 

Nunher o f  minutes 
Avai lable  Eaten 

14 10 
1 3  8 

1 3  9 

8 3 

17 10 



APPENDIX G (continued) . 

RIVERINE FOREST 

Food types 

Sacchanun spontanewn (M) 
S. m j a  ( M )  
Narenga porphymcoma 
Saccharun procenvn 
Narenga faZZax 
Theme& v i  ZZosa 
Imperata qi lindrica 
Qnodon dacty Zon 
Setaria paltide-fusca 
Bmchiaria ramosa 
Hernarthria capressa 
Chzysapogon acicutatus 
@perus spp. (small) 
Agemtun conyzoides 
Erigexwn bonariensis 
Zehneria m a y s o m i s  
Gonostegia pentandra 
OmZis comiculata 
Unidentified herbs 
Adtatoda vasica 
Clerodendran viscosun 
Artemisia vuZgmYis 
C a l l i c q a  macmphy ZZa 
CaZotrapis gigcmtea 
CoZebrookia opposit i folia 
Pogos temon bengalens is 
Eupatoriwn odoratun 
Zizyphus jyjuba 
Cassia tora 
Cirardinia diversi fol ia  
Acacia concinna 
Dead leaves 
SoZanwn indicurn 
Phy Zlanthus mbl ica  
Cordia grandis 
Datberyia s i s s m  
Litsaea rnmopetala 
Ehretia laevis 
h b a r  ceiba 
Bauhinia malabarim 
W w i a  nudifZora 
MaZZotus phillippensia 
Trewia nudif lora ( f r u i t s )  
Murraga koenigii 
Unidentified shrub 
BydriZla ver t ic i  l la ta  
and o the r  aquat ic  p l an t s  

7 periods 
mW1 123 minutes 

Number of minutes 
Available Eaten 

5 6 46 
2 8 12 

3 1 
8 2 
3 0 

18 4 
9 7 39 

8 3 
10 8 
8 3 

14 3 

5 0 
2 2 

9 1 
3 2 

2 0 
2 4 0 
43 3 
6 3 2 5 
10 0 
34 0 
11 0 
8 0 

2 3 1 
9 0 

4 0 
3 0 
3 3 
7 5 
3 0 
5 3 
4 0 

4 2 0 
5 0 

2 0 

6 6 

JJAS 9 periods 
145 minutes 

Number of  minutes 
Available Eaten 

2 2 15 
2 2 0 
2 4 13 

13  8 

126 24 
12 7 
2 5 0 

5 1 
14 1 

8 0 

9 3 

2 0 
22 0 
6 1 
1 0 

82 0 

14 0 
4 0 

6 0 
2 0 
3 1 .  

32 14 

1 0 

4 0 
1 0 

71 0 
12 0 
8 3 8 3 
6 0 

ONDJ 4 periods 
6 7  minutes 

Number of  minutes 
Available Eaten 

25 13 
19 3 

22 0 
39 0 
5 0 
5 0 

2 1 0 

7 0 
2 9 15 

4 1 0 

8 4 
3 0 

14 2 
4 3 

14 10 
5 4 
7 0 

2 7 0 
2 4 19 

7 2 
5 3 



APPENDIX G (continued) . 

SCRUB 

Food types 

&,cchanull spontanarm ( M )  
S .  m j a  ( M )  
Vetiveria zizanoides 
Imperata cy Zhdrica 
Cynodon dacty lon 
Setaria pal lide-@sea 
Brachiaria rmosa 
Chzysopoga adculatus  
Aquatic grasses 
Cyperus spp. (small) 
Pteris v i t t a t a  
Gonos tegia pen tundra 
&aZ& comicu la ta  
A r t  em i s  i a  vu Zg aris  
CaZZicarpa macrophy Zla 
CaZotropis gigan tea 
Colebrookia apposi t i fo l ia  
Pogos temon bengalensis 
Eupatoriwn odoratun 
Zizyphus jujuba 
SoZanun torvun 
CaZamus tenuis 
Cordia grandis 
Litsaea monopetala 
Ehretia laevis 
Bmbax ceiba 
Trmia  nudi fZora 
Mallotus phillippensis 
hrrcqla koenigii 

3 periods 
F'W' 30 minutes 

Number o f  minutes 
Available Eaten 

2 0 
3 1 

3 0 
2 7 2 3 

3 3 

3 0 
10 0 
6 4 
3 0 
7 0 
4 2 
4 2 
6 0 
1 0 

4 0 
2 0 
3 0 
6 0 
2 0 

JJAS 3 periods 
60 minutes 

Number of minutes 
Available Eaten 

5 3 

8 2 
2 0 

5 7 4 3 
16 4 
2 2 10 
32 2 9 
4 4 
4 1 
2 0 
7 0 

l1 5 
18 6 

30 3 

11  0 
1 1 

7 4 
1 0 
2 0 

14 2 
6 0 
3 0 
3 2 

6 periods 
ONDJ 82 minutes 

Number of minutes 
Available Eaten 

2 7 18 
10 1 

19 0 
65 14 

4 3 3 

18 8 
4 5 32 
2 3 0 
40 0 
18 2 

5 1 
24 8 

4 0 

3 0 
7 0 

16 0 
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APPENDIX J 

The d i s t r i b u t i o n  of  t h e  s igh t ings  o f  37 i nd iv idua l s  

over t h e  15 sub-blocks o f  t h e  s tudv  a r e a  

Sub-blocks 

Individual  

MC0 l 

M002 

MO4 

M005 

M013 

m0 32 

C1045 

m054 

m055 

M056 

m057 

m060 

F073 

F075 

m0 76 

F078 

F081 

F084 

F086 

m087 

F09 0  

f098 

F099 

f  l00 

F110 

F1 13 

F122 

F130 

F139 

F141 

f  160 

F161 

F163 

f  165 

F170 

f179 

F192 

Number o f  s i g h t i n g s  

41 A2 B1  B2 C1 C2 D1 E l  E2 F1 F2 F3 G 1  G2 G3 

0 0 0 5 8 2 9 5 1 0 8 1 2 0 0 0 0  

0 0 0 4 1 2 2 7 1 0 2 1 0 0 0 0  

0 0 0 2 0 0 5 6 0 1 0 ~ 0 0 0 0 0  

0  0  0  3  1  0 8 7 2 7 3 5 2 3  2  7  0  1 0  

0 6 6 2 2 2 4 0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 0 6 3 0 0 3 3 7  

0  0  0  0  0  0 1 4 1 9 1 3 5 6 2 0 3 6  0  2  1  

0 0 0 0  0 0 4 5  0 2 1 1 8 1 6 0 0 0  

0  0 0  0  0 0 1  4  1 4 3 2 6 2 6 0  0 0  

0 0 0 0 0 0 0 0 0 0 0 0 6 7 7  

0 0 0 0 0 0 0 2 0 1 0 6 9 0 0 0  

0 0 0 0 0 0 0 3 0 8 4 6 0 0 0  

0  0  0  3  0  0 1 0 5 6 2 3 5  3  0  3  0  0  0  

0 0 0 2 0  1 9 4 1 7 1 2 0 0 1 2 0 2 0  

0 0 0 0 0 0 1 5 3 6 1 3 2 4 0 0 0  

0 0 0 0 0 0 3 4 1 4 2 1  l 0 0 0 0 0  

0 0  0 0 0  0 4 0 3 7 4 1  3  1 0 0 0  0  

0 0 0 0 0 0 2 9 1 0 1 9 0 0 0 0 0 0  

0  0  0  0  0  0 3 7 1 8 1 1  7 2 0 2 7  l 0  0  

0  0  0  0  0  0 1 8 1 3 1 1  4 1 0 2 0  2  0  0  

0 2  1 1  1 3 7 2 1 2 1 4 4 4 1 0 0 0  

0 0 0 1 0 0 4 6 8 1 3 0 0 0 0 0 0  

0 0  0  1 0 0 3 3 1 7 3 3 0  l 0 0 0 0  

0 0 0  1 0 0 2 8 2 0 3 5  0 0 0 0 0 0  

0 0 0 0 0 0 8 1 6 5 4 1 0 1 4 0 0 0  

0 0 0 0 0 0 5 2 0 6 6 6 0 0 0  

0 0 0 0 0 0 5 2 3 3 0 0 0 0 0 0  

0 0 0 0 0 0 1 0 8 5 8 1 1 8 0 1 0  

0 0 0 1 0 0 2 1 0 0 0 0 4 5 8  

0 0 0 0 0 0 0 0 0 0 0 0 0 8 1 5  

0  0  0  0  0  0  1 3  5 1 1 1 5 3 5  3  1 0  

0 0 1 0 0 8 7 2 0 6 1 2 0 0 0 0  

0 0 0 0 2 0 8 2 8 3 1 8 1 4 7 0 0 0  

0 0 0 0 0 0 0 4 5 9 1 2 2 1 3  

0 0 0 0 0 0 7 4 9 6 1 2 7 0 1 0  

0 0 0 0 0 0 0 2 0 8 1 6 2 5 0 0 0  

0 0 0 0 0 0 7 9 2 5 1 0 2 0 0 0  



APPENDIX K 

The d i s t r i b u t i o n s  of  t h e  s igh t ings  o f  37 ind iv idua l s  between 

two p a r t s  o f  the  study a rea  i n  each season 



APPENDIX L 

Meteorological d a t a  recorded a t  Rampur, 1958 t o  1966 

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

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



APPENDIX M 

Some measurements of  rhinos i n  Chitawan and Kaziranga 

(a) Photographic measurements of he ight  

Adult males (n = 3) : 170.0 -183.0 c m ;  mean, 177.0 c m  

Adult females (n = 5) :  160.0 - 173.0 c m ;  mean, 165.0 cms 

Sub-adults: 

Class  6 (n = 6):  144.0-155.0 cms; mean, 149.3 c m  

C l a s s 5  ( n = 3 ) :  135.0 -142 .0  cms; mean, 137.3 cms. 

(b) Some o f  t h e  measurements made on carcases  ( a l l  i n  crns) 

o Cal f  
So c.4mo. o C a l f  

Aoo A$? Class 6 (wt158 1 mo. 
kgs) 

(n = 2) (n = 4) ( n = l )  ( n = l )  ( n = l )  

Shoulder he igh t  

Body length  
( t a i l  base t o  
nose) 

T a i l  length 

Neck g i r t h  

Forefoot width 

Hindfoot width 

Circumference o f  
f o r e l e g  j u s t  
above foot  



(c)  Some s k u l l  measurements ( a l l  i n  cms) 

o C a l f  o C a l f  o C a l f  
AOO AY? c. 2 y r s .  c.4 mo. I m.  

(n = 3) (n = 6) (n = 1) (n = 1) (n = 1) 

Height 

Length 

Max. width 

Zygomatic 
arch length 

27.0 - 28.5 

Mandible length  

Mandible he igh t  

55.0 -56 .0  

31.5 - 32.5 

Upper t oo th  
row length  

Measurements of t e e t h  and too th  wear d a t a  w i l l  be publ ished 
elsewhere. 

26.5 - 28.5 

Lower too th  
row length 

(d) Horn weights 

24.5 - 26.5 

In a sample of  86 rh ino  horns c o l l e c t e d  and weighed i n  t he  Kaziranga 

National Park (Assam Fores t  Dept. Records, 1965-1975)) a d u l t  males had 

s i g n i f i c a n t l y  heav ie r  horns than adu l t  females: 

Aoo (n = 42) ,  1,167.6 2 501.4 gms: A?? (n = ,44),  536.8 5 259.3 gms. 



APPENDIX N 

The r e l a t i v e  importance o f  each h a b i t a t  type f o r  feeding,  

according t o  t h e  season 

* F = t h e  mean r a t e  o f  s i g h t i n g s  of  feed ing  rh inos  (from Fig. 4.4) 
expressed a s  a percentage o f  t h e  t o t a l  of  t h e  r a t e s  i n  each 
h a b i t a t  type .  

RI = t h e  r e l a t i v e  importance of each h a b i t a t  type f o r  feeding i n  
each season (= F xA X 10- expressed as  a percentage o f  t h e  
t o t a l  f o r  each season).  

JJAS 

15.8 

6.68 

34.4 

27.6 

9.25 

47.7 

2 1.9 

0.07 

0.4 
- 

4.8 

0.72 

3.7 

2'9 .8 

2.68 

13.8 

FblAM 

39.6 

16.75 

69.3 

12.1 

4 .05 

16.8 

16.4 

0.05 

0.2 

7.4 

1.10 

4.6 

24.5 

2.21 

9.1 

ONDJ 

11.8 

4.99 

35.9 

11.8 

3.95 

28.4 

28.1 

0.08 

0.6 

9 .O  

1.34 

9.6 

39.3 

3.54 

25.5 

F * 

F * x 1 0 - ~  

RI+ 

F 

F Ax10-2 

R I 

F 

F A x l ~ ‘ 2  

R I 

F 

F Ax10-2 

R I 

F 

F Ax10-2 

R I  

Habi ta t  

T a l l  g rass land  

Short  g r a s s  l and 

Tal S 

River ine f o r e s t  

Scrub 

2 
Area (km ) 

% o f  t o t a l  
(=A) 

4.5 

42.3% 

11.5 

33.5% 

0 . 1  

0.3% 

5 .1  

14.9% 

3.1 

9.0% 



APPENDIX P 

P a r a s i t e s  c o l l e c t e d  from rh inos  i n  Chitawan 

Leeches : (un iden t i f i ed )  f requent ly  observed on rhinos 
s o f t e r  p a r t s .  Specimens a t  B r i t i s h  Museum 
(Natural  His tory) .  

Ticks : inc lude  Demacentor amatus ( i d e n t i f i e d  by H. 
Hoogstraal) . Rarely found on carcases .  

Tape worms : (un iden t i f i ed )  f requent ly  found i n  t h e  dung. 

Nematodes : Some ind iv idua l s  had heavy i n f e s t a t i o n s .  Mrs. 
M.  Chitwood examined one female s t rongy l id  
nematode from a  young male rh ino  and concluded 
t h a t  it belonged t o  a  new genus and spec ies .  
Other specimens were i d e n t i f i e d  as Decrmsia sp .  
by Ms. E .  Harrison . 

Bit ing  f l i e s  : Tabanus spp. Three spec i e s .  
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Plates 3 to 42 



Plate 3. A painting depicting a rhino h m t  i n  Chitawan. Kaiser 
Library, Kathmandu. 

Plate 4 .  An aerial view of  a tributary o f  the Rapti i n  the Sauraha 
study area. 

PZate 5. A @male Indian rhino with her ca l f  i n  t a l l  grassZand near 
Khoria, west Chitawan. 





PZate 6. M y  elephant, Devi k h l i ,  and her &%F, Naryan, i n  t a l l  
grass2an.d near Sauraha. The Hhalayas are u s i b t e  i n  
the backgromd. 

Plate 7. A cow and her ca t f  standing a ler t  a f ter  being disturbed by 
the observer. 

PZate 8. A ca l f  fleeing behind his mother. 





PZate 9 .  A cm charging the observer, foZZmed by her cal f .  

PZate 10. &rmps and i r r e g d m i t i e s  i n  the fold patterns such as 
those sham, and the Zoss af parts of the t a i l  and 
ears a l l  he Zped i n  the ident i f icat ion o f  ind i  v idm 2s. 

PZate 11. A photqraph taken through the Rank Gage in tens i f i e r  
(I .  W. S. SS. 20 Mk. 1. ) at  a range o f  eight metres on a 

moon Z i t  night. 





PZate 12 .  An a d d t  M a l e  Indimr rhino i n  side view. Note the 
sha l lm  neck fotds and small bib in cmparisun with 
those of the adult male below. See also Plates 41 
m d  42. 

Plate 13 .  An adult male Indian rhino in side vim. The deep 
neck-fotds and bib are probably important i n  ctose-tp 
displays. See also PZates 41 and 42.  

Plate 1 4 .  A photcgraph taken throzgh the image-intensifier, o f  a 
yoto?g female d n a t i n g .  The image in tens i f ier  enabled 
me t o  rel iably  deternine the sex o f  rhinos ficm a 
cunsiderabk distance e w n  a t  night. 





Plate 15 .  A cow with her threemonth old ca l f .  

PZate 16. A cow with her 18-month old ca l f .  





Plates 1 7 and 18. A sub-adult rhino measured photqraphically 
by  Zater photogmphing a graduated pole placed 
i n  i t s  footprint. 





PZate 19.  A sub-adult male, class 5. 

Plate 20. Two sub-adult males, cZass 6. Note the greater dewtop- 
ment of the neck-folds than i n  the class 5 sub-adult 
pictured abo m. 





Plate 21. The l m e r  jau o f  an Indian rhino, shming the Mry sharp 
i n m b e n t  tower incisors. 

Plate 22. An adult female fieding on tall grass (Saccharurn 
spontaneum). Note the mobile, prehensile Z i p .  

Plate 23. Dalbergia sissoo trees bent over by rhinos and browsed 
upon repeatedly, on Bana2mjoZa Island. 





PZate 24. A sub-aduZt grazing mz short grass using i t s  opposed 
Zips t o  p tmk the grass. 

Ptate 25. A c m  and her calf waZZming i n  a muddy poot, a t  the 
s tart  qf the mmsoon. 





P k t e  26. A group o f  sub-adults wallowing together. 

Plate 27. An aggregation of three cm-calf pairs and one adult male 
grazing in short grassland a t  the ec@e o f  riuerine forest. 





Plate 29. Drag-marks created by an adult male dragging h is  hind- 
f ee t  through a dwrg-pile . 

Plate 30. A sub-adult $male perfmming flehmen i n  reaction t o  the 
urine of another rhino. 

Plate a. A calf nuzzling her mother's head. 





PZate 32. A sub-adutt female licking another sub-adult's back. 

PZate 33. An infant mounting h i s  mother ' S  head. 

PZate 34. Two sub-adutt mates sparring. 





Plate 35. An w o n i s t i c  interaction between two adult $males a t  a 
wallow. The h a 2  on the l e f t  i s  displaying her tusks. 

Plate 36. The suppumting wowads sustained bg an adult maze (M062) 
i n  f ights  with other adult males. He later  died from 
the womds. 

Plate 37. This third year cal f ,  attacked repeatedly by an adult 
male, died fmrn i n t e r n 2  injuries  and tusk WO&. 





Plate 38. A calf touches his mother for 'reassurance ' i n  the 
presence of the obsermr. 

Plate 39. A copuZating pair of Indian rhinos. . 

PZate 40. Two c a t w s  appmaching each oeher while their mothers 
graze. 





Plates 41 and 42. A mmparison of the front views of the neck- 
f oZds and bib o f  an adult male (above) cind an 
adult female (below). 






