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Field Ecology and Behaviour of the Rhesus Macaque 
(Macaca mulatta)" I. Group Composition, Home Range, 
Roosting Sites, and Foraging Routes in the Asarori Forest 

S. C. MAKWANA 
University of Jodhpur 

ABSTRACT. The data presented here resulted from about 1,100 observation hours in a nine- 
month field study of rhesus monkey from January to October 1976 in the Asarori Forest, 
Dheradun. Six groups were studied, the group size varied from 6-90 individuals. With the 
exception of one group, all were of the bisexual multimale type. The number of adult males 
per group varied from two to seven, and of adult females from 4 to 27. The adult sex ratio 
was male 1 to females 2.2-3.7 (mean 1:2.7). The exceptional group originally consisted of 
five juveniles only (3 ~,  2 ~ ); later on an adult male joined the group. Home ranges varied 
from 1.3-13.4 km 2 and overlapped extensively with another. The area of home range showed 
straight line relationship with group size. Roosting sites were not fixed but changed from 
night to night. The straight line distance between one night to the next varied from 75-2,500 
m. Foraging routes per day ranged from 1,050-3,500 m (mean 1,803.3• 160.2). There is a 
significant relationship between the foraging route (L) and the straight line distance be- 
tween roosting sites (D). The ratio D/L varies from 0.14--0.87. 

I N T R O D U C T I O N  

The rhesus macaque, Macaca mulatta (ZIMMERMANN) (Primates: Cercopithecidae), 
is common in Southeast Asia (see ROONWAL & MOHNOT, 1977, for detailed distri- 
bution). In recent years considerable field work has been done on this species in the 
wild state, but many lacunae in our knowledge still remain to be filled, especially 
regarding roosting sites, foraging routes, inter- and intra-group relations, social 
changes, etc. 

In the present account are presented some new data on group size and composition, 
home ranges, roosting sites, and foraging routes, which were gathered by me during 
1976 in the Asarori Forest (Dehra Dun Division, northern Uttar  Pradesh). Obser- 
vations on other aspects will be published later. 

LOCATION A N D  M A T E R I A L  

The Asarori Forest (ca. 30~ ' N latitude, 77~ ' E longitude) lies about  700 m 
above sea-level and l0 km southeast of  Dehradun on the Saharanpur-Dehradun Road 
on the northern slopes of  the Siwalik Hills facing the Himalayas (Fig. 1). The forest 
is of  moist deciduous type, with sal (Shorea robusta) as the predominant tree. The 
climate is rather hot and dry in summer and freezing cold in winter. The average 
annual rainfall, about 165 cm, comes mostly in the monsoon months (mid-June to 
mid-September) and some winter rains are also received. 
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Fig. 1. Home ranges of six groups in the Asarori Forest, 1976. 

Here there is an abundant population of the rhesus macaque--about  500 individu- 
als gathered into 14 groups of varying sizes of  which six were studied in detail. In 
addition, a small, scattered population of the Hanuman langur, Presbytis entellus, 
coexists with the rhesus. No other primates are found here. 

For taking observations the author permanently lived in the forest almost continu- 
ously for a period of  nine months, during January to October 1976, with a total of  
about 1,100 observation hours. 

RESULTS 

The six groups studied in detail were the Bada, Choki, Harbhajwala, Harbhajwala 
'A', Rest House, and the Tibbet groups. 

GROUP SIZE AND COMPOSITION 

Group Size 

Group size varied from small to very large (6 to ca. 90 individuals). Besides these, 
four isolated males were observed in the area; except one, all were very shy and 
showed flight behaviour at the approach of an observer. 

Group Composition 

The smallest group was composed of  five juveniles (3 ~,  2 ~)  in the beginning of  
the study period, but later on an outside adult male joined the group in the second 
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Table 1. Group composition of six groups in Asarori  Forest (Dehradun), 1976. 

485 

Month of 
count Group 

Group name (1976) size 

Group composition Adult sex Ratio 
Ad Ad Infant Infant ratio Ad $ : 

~ SA Ju 2 1 ~ : ~ Infant 1 
Bada February ca.90 7 
Tibbet May 38 5 
Harbhajwala May 31 3 

Harbhajwala 'A'  September 19 2 
Rest House July 13 2 

Choki August 6 1 

Range 6-ca.90 1-7 
Mean 32.8 - -  

27 < 56 �9 1:3.7 - -  
11 5 5 7 5 1:2.2 1:0.4 
7 5 ~-----11-----~ 5 1:2.3 1:0.7 
(3 ~ , 2  9) 

6 0 2 5 4 1:3.0 1:0.7 
4 0 3 0 4 1:2.0 1:1.0 

(2 $,  l 9) (3 ~;, 1 9)  
0 2 3 0 0 - -  - -  

(9 )  ( 2 ~ , 1 9 )  

0-27 . . . .  1:2.2-3.7 1:0.4-1.0 
. . . . .  1:2.7 1:0.7 

Ad: adult. SA: Subadult. Ju: Juvenile. Infant 1: young infant, under one year of age. Infant 2: 
older infant, above one year. 

week o f  August .  (MAKWANA, in press). The remaining  five groups  were o f  the mul- 
t imale  bisexual  type (size 13-ca. 90). The  number  o f  adul t  males in the groups  var ied 

f rom two to seven and o f  adu l t  females f rom 4 to 27. The adul t  sex rat io  was $1  : 
-?-2.2-3.7. In  four  groups  the mean  rat io  o f  adul t  females to "Infants-1 ''t~ was 1:0.7, 

which indicates high reproduct iv i ty  (about  70 ~o) in wild females. 

Dur ing  the course of s tudy one adul t  male f rom the Rest  House  group  d i sappeared  

in the second week o f  Apr i l ;  f rom the beginning it was sickly and may  have died o f  

some disease. In the Choki  g roup  a male juveni le  was kil led by a dog in the last  week 

o f  March .  These events, however,  d id  not  change the s t rength o f  the above  groups,  

since an adul t  male (of  unknown  origin) jo ined  the Rest  House  group  in the second 

week o f  Apr i l  (a little before  the sickly male ' s  death) ,  and a juveni le  female (also o f  
unknown  origin) jo ined  the Chok i  g roup  in the first week o f  Apri l .  

HOME RANGES 

The boundar ies  o f  the home range o f  each group  were de te rmined  on the basis o f  
the ou te rmos t  poin ts  visited by the group  members  as actual ly  observed.  Home  ranges 

var ied f rom 1.3 to 13.4 km ~ according  to groups,  and  there was extensive over lapping,  

to the extent  o f  23.5-100~/o (mean 61.1 ~o). The most  extensive over lapping  was in 

the case o f  the Choki  group,  whose home range lay entirely within the home  ranges 
o f  ne ighbour ing  groups  (Fig. 1). 

H o m e  Range and G r o u p  Size 

Analys is  shows that  the area  o f  a home range is cor re la ted  with  group  size, the  
corre la t ion  coefficient (r)  being 0.936, which is significant (p--~0.01), and  a l inear  
regression equat ion  o f  home range (Y) on g roup  size ( X ) w o r k e d  out  to Y ---- 1.65q- 
0.13X (Fig.  2). 

1) Infants were separated into two categories, viz., " Infant - l"  (up to ca. 1 year old and still 
being carried by the mother) and "Infant-2" (1-2 years old and, while feeding independently, 
still followed the mother). 
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Fig. 2. Relat ionship of  area of  home range (Y) with group sizes (X) in six groups in the 
Asarori  Forest ,  1976. 

Table 2. Area of  home ranges (and percentage overlapped by six neighbouring groups) in 
Asaror i  Forest,  1976. 

Home Area of home range (km2) (and percentage Total area of home 
range overlapped by other groups) range overlapped 

Group name (km 2) Gr. 1 Gr.2 Gr.3 Gr.4 Gr.5 Gr.6 (and its percentage) 

Harbhajwala 7.2 - -  2.26 5.15 - -  - -  - -  5.93 
(13.4%) (71.5 %) (82.4%) 

Bada 13.4 2.26 - -  2.54 0.88 1.00 1.13 5.54 
(16.9%) (19.070) (6.6%) (7.5%) (8.4%) (41.3%) 

Harbhajwala 'A'  6.1 5.15 2.54 . . . .  4.9 
(84.4 %) (41.6 %) (80.3 70) 

Choki 1.3 - -  0.88 - -  - -  0.82 0.06 1.3 
(67.770) (63.070) (4.6%) (100%) 

Rest House 2.8 - -  1.00 - -  0.82 - -  0.03 1.44 
(35.770) (29.3%) (10.7%) (51.470) 

Tibbet 4.8 - -  1.13 - -  0.06 0.03 - -  1.13 
(23.5%) (1.270) (0.670) (23.5%) 

Range 23.5-100 70 
Mean 63.1 70 

Table 3. Area of  home ranges and group sizes in six groups in Asaror i  Forest,  1976. 

Area of home range (km z) 

Group Per individual 
Group name size Of whole group (including infants) 
Bada ca .90 13.4 0.15 
Tibbet 38 4.8 0.13 
Harbhajwala 31 7.2 0.23 
Harbhajwala 'A'  19 6.1 0.32 
Rest House 13 2.8 0.21 
Choki 6 1.3 0.22 

ROOSTING SITES 

R o o s t i n g  sites cons i s t ed  o f  g r o u p s  o f  tal l  t rees on  wh ich  the  an ima l s  r o o s t e d  fo r  

the  night .  T h e  sites were  n o t  f ixed (see below,  Discuss ion) ,  bu t  c h a n g e d  f r o m  n igh t  to  

night ,  as n o t e d  in deta i l  in two  g r o u p s  on  consecu t ive  n ights  fo r  a p e r i o d  o f  o v e r  a 
m o n t h  each.  

T h e  t ime  o f  r oos t i ng  and  the  d u r a t i o n  o f  n igh t  rest  va r i ed  wi th  the  season.  I n  w in t e r  
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the monkeys started roosting about 5.00 p.m. and in summer about 5.45 p.m. They 
woke up at dawn but came down from the roosting trees about 9.30 a.m. in winter 
and 7.15 a.m. in summer. The time between waking and descending is spent in mutual 
grooming, sunning, etc. 

Roosting Area 

Within a home range certain areas are most used by a group for roosting; these 
areas may be called "roosting areas". In the two groups studied, the roosting areas 
comprised 45 % and 49 ~o of  the home range, suggesting that the percentage is nearly 
constant irrespective of  the actual size of  the home range. The pattern of roosting 
may, however, vary from group to group. Thus, in the Harbhajwala group it is more 
or less concentrated (68 7oo of the sites lie in one area, Fig. 3), while in the Bada group 
(almost all sites are widely scattered, Fig. 4). 

Distance between Individual Roosting Sites 

As studied in two groups for 30 and 33 consecutive nights, the straight line distance 
between consecutive roosting sites varied considerably trom night to night, from 
75-2,500 m (mean values: 431•  in the Harbhajwala group and 1,247.5• 110 in the 
Bada group). Thus, the mean distance is nearly three times longer in the later. This 

Fig. 3. Roosting sites of the Harbhajwala group for 52 days (March-June, 1976) in the 
Asarori Forest. 
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Fig. 4. Straight line distance of roosting sites of the Bada group for 30 consecutive nights (16 
January to 23 February, 1976) in the Asarori Forest. 

difference seems to be directly correlated with the size of  the home range, which is 
13.4 km ~- for the Bada group and 7.4 km" for the Harbhajwala group. 

FORAGING ROUTES 

To determine the relationship between the straight line distance of the roosting 
sites on consecutive nights and the lengths of  the daily foraging routes for the corre- 
sponding day, observations were made on the Bada group for 15 days in February. 
The group was followed from dawn to dusk and the foraging routes were marked on a 
forest map with reference to the central (main) group (Fig. 5). The length of the 
foraging routes ranged from 1,050-3,500 m (mean 1,803.3• 160.2). 

Correlation between Roosting Sites and Foraging Route 

It appears that the length of the foraging route (L) also determines the straight line 
distance (D) between two consecutive roosting sites for the day, and the two are 
closely related. The correlation coefficient (r) is 0.63, which is significant (p = 0.01), 
and a linear regression equation of  L on D worked out to Y -=-- - -  1.11 +0.6  X (Fig. 6). 
The ratio D/L rises with the increase of  D up to about 1,200 m, and then levels off. 

DISCUSSION 

Group Sizes 

Group sizes have been recorded in both forest, urban, and semiurban areas by a 
number of  workers, e.g., SOUTHWlCK et al. (1965), JAY and LINDBURG (1965), MUK- 
HERJEE and GUPTA (1965), NEVILLE (1968), SINGH (1969), LINDBURG (1971), and 
MAKWANA (.present account) in forests; and by PRAKASH (1962), SOUTHW~CK et al. 
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Fig. 5. Foraging routes of the Bada group for 15 days (February, 1976) in the Asarori Forest. 
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Fig. 6. Relationship of length of foraging route (L) with straight line distance (D) for 15 days 
in the Asarori Forest, 1976. 

(1965), and MUKHERJEE and MUKHERJEE (1972) in urban and semiurban areas. The 
mean group size varies from about 9.8~1 (50 in one case) in forests and 10-42 in 
urban areas, from which it is evident that there is no marked difference between 
group sizes in these two habitats, as has been claimed by some workers. 

Group Composition 

As studied by various workers in the field, group composition varies fairly widely, 
a group usually consisting of  one to several adult males, several adult females, and a 
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number of subadults, juveniles, and infants. Most of the groups recorded are of the 
multimale type, with up to eight adult males and 27 adult females. One of  my groups 
in the Asarori Forest (the Bada group, ca. 90 individuals) contained seven adult males 
and 27 adult females. All male groups (which are common in the Hanuman langur, 
Presbytis entellus) seem to be wanting in the rhesus. Occasionally, groups without 
adult males occur (NEVILLE, 1968). One of  my groups in the Asarori Forest, the 
"Choki"  group, was initially a small group of  five juveniles only, but was later on 
joined by an outside male. The published data are unfortunately inadequate to state 
whether group composition in the rhesus has any relationship with ecological habitat. 

Adult Sex-ratio 

Adult male-female ratios are available in several published works, a summary of  
which is given in Table 4. It is seen that females are more numerous in forests than 
in urban and semiurban areas. 

Home Range 

The home ranges of the rhesus, as recorded by several workers, vary widely (1- 
16 km ~, see ROONWAL, 1976) and neighbouring ranges often overlap extensively. 

In the Asarori Forest, as shown above, the size of  the home range is closely corre- 
lated with the group size. Field data from other sources are not adequate enough to 
determine whether the same correlation exists elsewhere. 

Roosting Sites 

The characteristics of  roosting sites have been discussed by a number of workers: 
SOUTHWICK et al. (1965) in temple areas in Aligarh town, SINGH (1969) in urban 
areas, and LINDBURG (1971) in the Asarori Forest (the same area as mine). SOUTHWlCK 
et al. and SINGH noted that roosting sites in urban situations are fixed, a group 
returning night after night to that site. In forest situations, however, the data of  
LINDBURG as well as my own indicate that the roosting sites change from night to 

Table 4. Adult sex-ratios in forest and in urban and semiurban habitats (From various 
sources). 

Source Adult ~ : ~ ratio 
Forest Habitats 

SOUTHWlCK et al. (1965)...5 groups 
MUKrIERJEE & GUPTA (1965)...28 groups 
NEVmLE (1969)...6 groups 
LIYOBUgG (t97I)...8 groups 
MAKWArqA (present account)...6 groups 

Urban and Semiurban Habitats 

SOOTHWICK et al. (1965)...230 groups 
MUKHERJEE (1969)...2 groups 
SINGH (1969)... Certain 
MUKHERJEE & 
MUKHERJEE (1972)...83 groups 

1:3.4 
1:3.5 
1:2.4 
1:3.3 
1:2.7 

Range 1:2.4-3.5 

1:2 
1:1.6 
1:2.0 

1:2.0 

Range 1:1.6-2.0 
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night. According to my data, the straight line distance between consecutive roosting 
sites varies from 75-2,500 m (mean 431 i 56 in the Harbhajwala group and 1,247.5-t- 
110.4 in the Bada group); LINDBURC'S (1971) figures were 100-2,850 m (mean 785). 

As discussed above, the mean distance between consecutive roosting sites seems to 
vary directly with the size of  the home range. Further, it seems (from my limited data) 
that the total roosting area of a group comprises a little less than half (4549  ~ )  of  
the home range (Figs. 3 & 4). Unfortunately, there are no observations in this aspect 
by other field workers, and so comparisons are not possible. 

Foraging Routes 

The length of the foraging routes in the Asarori Forest varied from 1,050-3,500 m 
(mean 1,803.3:/:160.2). In the same area, LINDBURG (1971) gave the length as 350- 
2,820 m (mean 785). Similar data are also available for some other primates, e.g., for 
the langur, Presbytis entellus (360 m, SUGIYAMA, YOSHIBA, & PARTHASARTHY, 1965 
and for the Bonnet macaque, Macaca radiata (1-3 km, RAHMAN & PARTHASARTHY, 
1969). 

In the Asarori Forest, foraging routes (L) are always longer than the straight line 
distance (D) between consecutive roosting sites for the corresponding day, and a 
relationship exists between the two (Fig. 5). The ratio D/L is not constant but varies 
from 0.144).87 (mean 0.59:~0.5) and seems to increase with the length of  the foraging 
route. Such data on the rhesus are not available for other areas or for other Indian 
species. 

SUMMARY 

1. The data presented here resulted from a nine-month long study (totaling about 
1,100 observation hours) in  the Asarori Forest near Dehradun in Uttar Pradesh at 
the foot of the Himalayas. 
2. Six groups were studied in detail. Group size varied from 6-90 individuals. 
3. With one exception, all groups were of the multimale bisexual type. The number of  
adult males per group varied from 2-7, and of  adult females from 4-27. The adult 
sex ratio was g 1 to 5~ 2.2-3.7 (mean 1:2.7). The exceptional group originally 
consisted of five juveniles only (3 g ,  2 9 ) ;  later on an adult male joined the 
group. 
4. Home ranges varied from 1.3-13.4 km ~ and overlapped extensively with one 
another. The area of  the home range showed a straight line relationship with group 
size. 
5. Roosting sites were not fixed but changed from night to night. The straight line 
distance between one night to the next varies from 75-2,500 m. 
6. Foraging routes for the day ranged from 1,050-3,500 (mean 1,803.34-160.2). 
There is a significant relationship between the length of the foraging route (L) and the 
straight line distance between roosting sites (D). The ratio D/L varies from 0.14-0.87. 
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