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Abstract Macaques are characterized by their wide dis-

tribution and ability to adapt to a variety of habitats.

Activity budgets are affected by habitat type, season, and

food availability in relation to differing age–sex class and

individual requirements. We conducted a comparative

study on two commensal rhesus groups, one living in a

rural village and the other in the center of urban Dhaka,

Bangladesh. The study was conducted in three different

seasons between 2007 and 2009 in order to evaluate how

habitat type and season affects their behavioral activities.

Differences in food type and its availability between these

two habitats were mainly responsible for the variations in

activity budgets between groups. Feeding time in the rural

group was significantly longer than that in the urban group.

In contrast, grooming and object manipulation/play were

significantly greater in the urban than the rural group.

Seasonal variations in all major behaviors were signifi-

cantly affected by group, with more time spent feeding in

summer than in winter/dry season, and more time spent

grooming and moving in winter/dry season than summer in

the rural group. In contrast, time spent resting was greater

in the monsoon and summer seasons than the winter/dry

season in the urban group. Grooming time was greater in

the winter/dry season than the monsoon and summer sea-

sons. In both groups, immature of both sexes spent sig-

nificantly more time on feeding and object manipulation/

playing and less time resting than adults. Adult females

spent more time grooming than males and immatures, of

both sexes, in both groups. Moreover, the rural group spent

most of their time feeding on garden/crop produce and wild

plant food resources, while the urban group spent more

time feeding on provisioned foods. These results showed

that differences in the activity budgets of rural and urban

dwelling macaques were due largely to the differences in

available food resources. Commensal rhesus macaques

show a high degree of behavioral flexibility in response to

habitat and resource variability, and knowledge of these

differences is important for the conservation and manage-

ment of highly commensal primates.

Keywords Habitat effect � Resource type � Rural and

urban group � Behavioral activity � Rhesus macaque

Introduction

Behavioral activity is influenced by environmental con-

straints such as food resources and their seasonal avail-

ability, plant species diversity, and physiological

constraints such as individual food requirements and ther-

moregulation (Agetsuma and Nakagawa 1998; Bean 1999;

El Alami et al. 2012; Hanya 2004; Jaman and Huffman

2008). These constraints are all determined by broad cli-

matic and geographical variables (Lindburg 1971; Gold-

stein and Richard 1989) that lead species to adapt to a

specific habitat or geographical location, maximizing their

opportunity for survival over evolutionary time. Due to the

species’ high behavioral flexibility (particularly for feeding

and resting behavior), which is related to metabolism and

energy conservation, rhesus macaques are able to inhabit a

wide range of geographical locations with differing
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climatic and ecological environments (Goldstein and

Richard 1989; Richard et al. 1989; Dunbar 1992; Seth et al.

2001).

Activity budgets can be affected by season, as seasonal

differences are prominent in terms of temperature, rainfall,

plant growth, and fruiting seasons according to habitat type

(Dunbar 1992; Agetsuma and Nakagawa 1998). Different

age–sex classes respond differently to their environment in

ways such as acquiring access to limited food resources and

exploiting new food resources (Marriott, 1988; Jaman and

Huffman 2008). Thus, age–sex differences in behavioral

patterns should also be habitat specific (Mitchell 1979). The

degree of difference in body mass between adults and im-

matures strongly influences resting and foraging (Bean

1999; Jaman and Huffman 2010). These differences are

functions of energetic (Bean 1999) and social constraints.

While activity budgets of rhesus macaques have been

studied in different ecological settings (Altmann 1962;

Bernstein and Mason 1963; Southwick et al. 1982; Shukla

1979; Marriott 1988; Goldstein and Richard 1989; Seth

et al. 1989; Akter 2002) and some studies have compared

activity budgets in primates across season and age–sex class

within groups (Maruhashi 1981; Ciani and Chiarelli 1988;

Nakayama et al. 1999; Saj et al. 1999; Agetsuma 2001;

Hanya 2003, 2004; Jaman and Huffman 2008; Kamilar and

Pokempner 2008), no studies have examined the effect of

multiple factors, such as group, season, and age–sex class

together on activity patterns in the rhesus macaque.

The main objective of the study described in this paper

was to better understand the adaptability of commensal

rhesus macaques in Bangladesh, for which there is cur-

rently little information. Rhesus macaques, like many other

macaques and baboons, are highly commensal, and this

close relationship with humans is gaining increasing

attention (e.g., Kamal et al. 1997; Paterson and Wallis

2005; Hill and Webber 2010; Radhakrishna et al. 2012).

However, to the best of our knowledge, comparative

studies of rhesus macaques living under extreme com-

mensal habitats are few (e.g., Lata 1980; Oppenheimer

et al. 1983; Pirta 1984; Agetsuma and Nakagawa 1998;

Wolf 2002). To improve our understanding of how com-

mensalism affects the activity budgets of rhesus macaques

in Bangladesh, we selected two groups living under con-

trasting forms of commensalism (urban versus rural) for

our study, taking into account differences in habitat type,

season, individual age–sex class behavioral budgets, and

feeding behaviors. The urban group lives in the middle of

Dhaka city and receives provisioned foods, which they

supplement with a few wild and garden plants obtained

from a public park nearby. They seek shelter inside factory

buildings, cause little damage to human property, and do

not compete for local human resources. Their presence

is viewed favorably (Jaman and Huffman, in prep.).

In contrast, the rural group, located nearby Borme village,

does not receive provisioned foods, and subsists on natural

vegetation as well as crops and food items stolen from

houses and traditional outdoor shops. These monkeys

damage human resources to acquire their foods and conflict

with humans is high, so most people consider them to be

pests (Jaman and Huffman, in prep.).

Behavioral activity budget studies of commensal

macaque groups are important to understand how a species

copes under human-induced environmental pressures. Such

studies should be beneficial for conservation and manage-

ment efforts, as they facilitate our understanding of primate

adaptations within human-modified environments (Teas

et al. 1975; Oppenheimer et al. 1983; Saj et al. 1999).

Here we assess rhesus macaque behavioral flexibility in

response to commensalism. We test whether activity bud-

gets are influenced by various food resources, habitat type,

season, and age–sex class differences. Specifically, we

make three predictions. (1) We predict that the rural group

will spend more time feeding on a diverse variety of

indigenous plants and risky-to-obtain planted garden food

resources, while the urban group will spend less time

feeding, consuming large quantities of an energy-rich, risk-

free provisioned food resource. (2) We predict that the

rural group will spend more time feeding and less time

resting and grooming during seasons when the diversity of

natural food is higher. In contrast, we predict that he urban

group will spend more time resting, but no seasonal vari-

ation in the feeding time budget is expected, due to their

strong dependence on provisioned foods year-round. (3)

We predict that age–sex class will affect both feeding and

social activity patterns. We suggest that feeding activities

will be influenced by differences in metabolic require-

ments, and predict that immature will spend more time

engaged in feeding and object manipulation/play than

adults, while adults will spend more time resting and

grooming than immatures, particularly in the rural group,

since they are not provisioned.

We then compare our results with studies on rhesus and

other macaque species performed in other geographical

regions to better understand the behavioral flexibility of

this species and the possible impact of commensalism on

their future survival.

Methods

Study subjects and locations

This research was conducted in accordance with all

national and institutional guidelines for the care and

management of primate species under the Wildlife Pro-

tection Law 1973, Government of Bangladesh and the

50 Primates (2013) 54:49–59

123



Primate Research Institute’s guidelines for field research of

non-human primates (http://www.pri.kyoto-u.ac.jp/research/

guide-e2008.html). We collected data from two free-rang-

ing rhesus groups in Bangladesh, one living in association

with a rural village and the other living in the urban center

of the capital city Dhaka.

The rural Borme group

The rural group lives in a habitat surrounding Borme village

in the Gazipur District, about 70 km north of Dhaka, the

capital city. This group consisted of 47 individuals at the start

of the study and had increased to 57 by the end of the study

(Table 1). This group subsists largely on natural vegetation

(grasses, bushes, and more than 64 species of trees) and food

items obtained by raiding crops of agricultural vegetables

(pea Pisum sativum, string bean Vigna sesquipedalis, tomato

Lycopersicon esculentum, drumstick Moringa oleifera,

brinjal Solanum melongena, radish Raphanus sativus), home

gardens (berry Zizyphus mauritiana, betelnut palm Areca

catechu, black berry Syzygium cumini, guava Psidium

guajava, date Phoenix sylvestris, jackfruit Artocarpus het-

erophyllus, banana Musa, etc.), and prepared food items

(cooked rice, cooked vegetables, etc.) removed from houses

and shops in the traditional market. A rough estimation of

each group’s home range size was made using GPS points

recorded during daily observations of the group. The

approximate home range area was estimated each study

period using the furthest points that the group traveled to in

all directions. During this study, the home range of the rural

group ranged between 31.2 and 42.9 ha.

The urban Dhaka group

This group lives in an urban habitat in the Gendaria–Shu-

trapur area in and around the property of Sadhona Traditional

Pharmaceutical Co. in Dhaka. This urban group consisted of

81 individuals at the start of the study, and had increased to 94

individuals by the end of the study (Table 1). Monkeys in this

group subsist mainly on provisioned foods (mainly chick

peas, bread, biscuits, crackers) supplemented by some wild

and garden plants, mainly grasses, and 13 species of trees

(berry Zizyphus mauritiana, betel nut palm Areca catechu,

blackberry Syzygium cumini, guava Psidium guajava, jack-

fruit Artocarpus heterophyllus, mango Mangifera indica,

green coconut Cocos nucifera, etc.) from a small park next to

the grounds of the property. A total of 400 medium-sized

bananas were provided daily by the government authorities.

The Sadhona authorities provided 10 kg in total of chick peas

daily: 5 kg in the morning (0800–0900 hours) and 5 kg in the

afternoon (1500–1600 hours). Bread, biscuits, crackers, and

other items were also given to the monkeys by visitors.

During the study, the urban group’s estimated home range

ranged from 18.1 to 29.2 ha.

Climate at the study sites

Bangladesh has three seasons a year: July to October—

monsoon; November to February—winter/dry season; and

March to June—summer season (Ahmed and Elias 1988;

Mourshed 2011). The main characteristic seasonal differ-

ence is heavy rain in the monsoon and little rain in summer

except for June. Temperature and rainfall data were

obtained from the Meteorology Department, Agargaon,

Dhaka, Bangladesh. They automatically recorded the

temperature every 3 h throughout the year at locations near

our study sites. From these data, the temperatures recorded

from 0600 to 1800 hours were retrieved and used. The

daily mean temperature at the rural study site was

27.6 �C ± 2.8 in the monsoon season, 21.0 �C ± 4.7 in

the winter/dry season, and 29.7 �C ± 4.2 in the summer

season. At the urban study site, the mean temperature was

27.8 �C ± 2.7 in the monsoon season, 22.9 �C ± 4.3 in

the winter/dry season, and 30.1 �C ± 3.6 in the summer

season. The monthly total rainfall at the rural site was

1405.5 mm in the monsoon season and 707.5 mm in the

summer season. At the urban site, the monthly total rainfall

was 1678 mm in the monsoon season and 952.5 mm in the

Table 1 Age–sex composition of the study groups

Age–sex class Observation period

September

and October

2007

May and

June 2008

December 2008

and January

2009

Rural group

Adult male 7 8 7

Adult female 15 16 16

Immature male 8 8 7

Immature female 7 7 8

Juvenile 10 8 13

Infant 10

Total 47 57 51

Urban group

Adult male 14 13 12

Adult female 28 28 24

Immature male 15 15 14

Immature female 11 10 12

Juvenile 13 10 21

Infant 18

Total 81 94 83

Immature male: 2–5 years; immature female: 2–4 years; juveniles:

6 months to 2 years; infant: 0–6 months of age

In the Borme group the adult to infant ratio was 1:0.53; in the

Sadhona group the adult to infant ratio was 1:0.64
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summer season. No measurable rainfall was recorded in the

winter/dry season at either site.

Behavioral observation

Data was collected in three different periods between

September 2007 and January 2009. Period I was in Sep-

tember–October 2007 (monsoon), period II in May–June

2008 (summer), and period III in December 2008–January

2009 (winter/dry season). The core behavioral data were

collected by M.F. Jaman, using focal animal sampling by

continuous recording methods (Altmann 1974; Martin and

Bateson 1993), and each focal session lasted 10 min. After

careful training in coding methods and an initial monitor-

ing period, an assistant observer also collected focal data

(5.7 %, 384 focal sessions) during study periods I and III.

To justify whether combining these data was appropriate in

the overall analysis, we compared all statistical tests before

and after the addition of this supplemental data. There were

no differences in the level of significance of any of the

results, so we combined the data for both observers to

maintain a balanced number of focal samples, observation

hours per individual/season and time of day.

A total of 552 h of observations (3312 focal samples)

were performed for each group (two groups), distributed

equally across each focal subject (12 focal subjects from

each group); four age–sex classes over three seasons and

across times of day (four time blocks). At the end of our

observations, a total of 1104 h of behavioral data were

obtained from a total of 6624 focal sessions. Prior to this,

one and a half months (February–March 2007) were spent

habituating the monkeys of both groups to our presence.

All group members (except for juveniles and infants) were

identified using individually distinct morphological char-

acteristics recognized during the habituation period.

We classified all focal subjects into one of two age

classes: immature (male age: three years; female age:

three years) and adult (male: [5 years and female:

[5 years). All observers estimated individual age based on

body size compared to individuals studied in the enclosures

at Dhaka Zoo, the relative ages of which were known.

Three focal subjects were selected from each of the four

age–sex classes for both groups, making a combined total

of 24 individuals for the two study groups. Adult focal

subjects were chosen from both groups based on similarity

of age. All focal subjects were given a name to identify

them during focal sampling. Before starting data collection

in each period, we spent two days observing each group

from dawn to dusk to confirm the identities of all focal

subjects by their previously given names.

Observation periods were divided into four different time

blocks; early morning (EM 0700–0930 hours), late morning

(LM 0930–1200 hours), early afternoon (EA 1200–1430

hours), and late afternoon (LA 1430–1700 hours). An equal

number of samples were collected in each time block of the

day for each focal subject. We attempted to sample some

focal subjects the next day when we could not collect equal

amounts of data from them that day. We also compiled equal

amounts of observation hours for each focal animal in each

group and in each study period to facilitate unbiased group-

wise, seasonal, and age–sex class comparisons of behavioral

data.

We used the same ethogram as that employed in our pre-

vious research on this topic in Japanese macaques (see Jaman

and Huffman 2008). The behavioral categories are resting,

feeding, grooming, moving, object manipulation/play, vigi-

lance, and dominance interactions. Feeding includes foraging

for and the actual ingestion of food. Feeding records were

broken down into time spent on each food item and the loca-

tions of these food resources (i.e., gardens/crop lands, wild

plants, provisioned foods, houses/shops). Animal matter and

soil ingestion were also recorded. Two closely related behav-

iors—aggression and submission—are combined into ‘‘dom-

inance interactions.’’ ‘‘Aggression’’ includes any aggressive

physical contact, gesture, or vocalization (supplanting, grab-

bing, hitting, chasing, biting, stare threat, head bobbing, threat

bark, etc.) that is typically directed toward a subordinate

individual. ‘‘Submission’’ includes any submissive behavior,

gesture, or vocalization (retreat, avoidance of eye contact,

crouching, grimace, cry, etc.) in response to aggressive

behaviors received from a more dominant individual.

Data analysis

For statistical analysis, we used data on time spent for each

behavioral category by group (two groups), season (three

seasons), age–sex class (adult male, adult female, immature

male, and immature female), and focal subject (12 focal

subjects in each group). The data failed tests of normality

and equal variance (i.e., Kolmogorov–Smirnov, p \ 0.05),

and thus all tests were done using square-root n ? 0.5

transformed data (Sokal and Rohlf 1969). We analyzed the

duration (time in seconds) of all behavioral activities with

multivariate analysis of variance (MANOVA) using group,

season, and age–sex class (see above for the number in

each category), and their interactions as explanatory vari-

ables. We employed univariate analysis of variance using a

general linear model (GLM) to compare time spent for

each of the five most frequent behavioral categories ([1 %

of time spent)—resting, feeding, grooming, moving, and

object manipulation/play—by group, season, and age–sex

class and their interactions. Post hoc pair-wise contrasts

were also employed using the univariate analysis of vari-

ance test to compare time spent for each behavioral activity

across season and between age–sex class in each group.

Finally, we employed the paired-sample t test to compare
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the average time spent feeding on each food resource

between groups (n = 12 focal subjects). The significance

of all statistical tests was set at P B 0.05, and all tests were

done using SPSS (version 13.0).

Results

Overall behavioral differences between groups

The general linear model multivariate analysis of variance

test revealed that the overall time spent on seven behavioral

activities significantly varied, regardless of season and age–

sex class (F6,336 = 4215.8, P \ 0.0001). There was a sig-

nificant interaction between time spent on behavioral activ-

ities overall and group (F6,336 = 91.35, P \ 0.0001;

Table 2; Fig. 1). The univariate analysis of variance test for

each behavioral activity revealed that only the time spent

feeding was significantly higher in the rural group than in the

urban group (F1,48 = 283.3, P \ 0.0001; Table 3). In con-

trast, time spent grooming and on object manipulation/play

was significantly higher in the urban group than in the rural

group (F1,48 = 48.7, P \ 0.0001 and F1,48 = 7.2, P = 0.01,

respectively; Table 3; Fig. 1). Although time spent in

dominance interactions was negligible, the urban group

spent fivefold more time on such interactions than the rural

group. These results indicate that the time spent in different

behavioral activities varied between groups in relation to

habitat type, and thus support prediction 1.

Next we focused on a comparison of the five most fre-

quent behavioral activities: resting, feeding, grooming,

moving, and object manipulation/play (total [1 % time

allocated for each behavior) to assess whether habitat dif-

ferences affect the overall behavioral activities of rhesus

Table 2 Multivariate analysis

of variance (MANOVA) output

for the effect of group, age–sex,

and season on activity budgets

(time spent in seconds by focal

animal)

Statistically significant P values

appear in bold

Factor df MS F P

Activity 6 205458.63 4212.80 <0.0001

Group 1 322.30 6.61 0.011

Season 2 175.66 3.60 0.0283

Age–sex 3 1323.06 27.13 <0.0001

Group 9 activity 6 4455.11 91.35 <0.0001

Season 9 activity 12 1816.27 37.24 <0.0001

Age–sex 9 activity 18 7425.17 152.25 <0.0001

Group 9 season 2 230.35 4.72 0.0095

Group 9 age–sex 3 75.58 1.55 0.2015

Season 9 age–sex 6 47.65 0.977 0.4407

Group 9 season 9 activity 12 1136.31 23.30 <0.0001

Group 9 age–sex 9 activity 18 688.74 14.12 <0.0001

Season 9 age–sex 9 activity 36 275.41 5.65 <0.0001

Group 9 age–sex 9 season 6 39.42 0.81 0.5640

Season 9 troop 9 age–sex 9 activity 36 129.72 2.66 <0.0001

Error 336 48.77

Fig. 1 Comparison of

behavioral budgets between the

rural and the urban rhesus

macaque groups
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macaques living in these two different sites. The matrix

showing the effects of group, season, and age–sex class on

time spent in behavioral activities is presented in Table 2.

Effect of seasonality

Regardless of group, season significantly affected the time

spent on all activities (F12,336 = 37.2, P \ 0.0001;

Table 2). Season and group also significantly affected

activities (F12,336 = 23.3, P \ 0.0001). Univariate analysis

of variance revealed that the time spent on each behavioral

activity varied significantly across season, regardless of

group (Table 3). Post hoc pair-wise comparisons showed

that monkeys in the rural group spent significantly more

time feeding in summer than in winter/dry season

(P \ 0.05), more time grooming in winter/dry season than

in summer, and more time moving in winter/dry season

than during the monsoon (P \ 0.05; Fig. 2). In the urban

group, monkeys spent significantly more time resting in the

monsoon and summer seasons than in winter/dry season

(P \ 0.05 and P \ 0.0001, respectively). The time spent

grooming was greater in the monsoon and winter/dry sea-

sons than in summer (P \ 0.01 and P \ 0.05, respec-

tively). Moving time was greater in the winter/dry season

than in the monsoon and summer seasons (P \ 0.01 and

P \ 0.01, respectively). Time spent on object manipula-

tion/play was greater in the summer than in winter/dry

season (P \ 0.01; Fig. 2). These results show that behav-

ioral activities varied seasonally between the groups, thus

supporting prediction 2.

Effect of age–sex class

Time spent on all activities significantly varied across age–

sex class, regardless of group and season (F18,336 = 152.3,

P \ 0.0001). Age–sex class, group, and season signifi-

cantly affected behavioral activities (F36,336 = 2.7,

P \ 0.0001; Table 2). Regardless of the group, a univariate

analysis of variance test revealed that time spent on each

behavioral activity significantly varied across age–sex class

(see Table 3). A post hoc pair wise comparison showed

that in the rural group, adult males spent more time resting

and less time feeding than adult females (P = 0.001 and

P \ 0.05) and immatures of both sexes (P \ 0.0001, same

Table 3 Univariate analysis of variance output for group, age–sex,

and seasonal differences in each major behavioral activity (time spent

in seconds by focal animal)

Factor Behavior df F P

Group Resting 1 159.713 <0.0001

Feeding 1 283.286 <0.0001

Grooming 1 48.666 <0.0001

Moving 1 0.141 0.709

Object manipulation

and play

1 7.222 0.010

Season Resting 2 18.105 <0.0001

Feeding 2 19.913 <0.0001

Grooming 2 64.032 <0.0001

Moving 2 16.369 <0.0001

Object manipulation

and play

2 62.755 <0.0001

Age–sex Resting 3 327.122 <0.0001

Feeding 3 192.777 <0.0001

Grooming 3 55.528 <0.0001

Moving 3 23.950 <0.0001

Object manipulation

and play

3 447.716 <0.0001

Group 9 season Resting 2 98.755 <0.0001

Feeding 2 30.644 <0.0001

Grooming 2 8.427 0.001

Moving 2 3.568 0.036

Object manipulation

and play

2 9.506 <0.0001

Group 9

age–sex

Resting 3 36.754 <0.0001

Feeding 3 24.570 <0.0001

Grooming 3 3.963 0.013

Moving 3 3.963 0.164

Object manipulation

and play

3 15.644 <0.0001

Error 48

Statistically significant P values appear in bold

Fig. 2 Seasonal differences in each behavioral category in the rural

and the urban rhesus macaque groups
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value for all comparisons, respectively; Fig. 3). Immatures

spent more time feeding than adult females (P \ 0.0001,

same value), thus supporting prediction 3. Adult females

spent more time grooming and less time moving than adult

males (P = 0.001 and P \ 0.05, respectively), immature

males (P \ 0.0001, same value), and immature females

(P \ 0.0001 and P \ 0.05, respectively). Immature of both

sexes spent more time on object manipulation/playing than

adults of both sexes (P \ 0.0001, same value for all

comparisons; Fig. 3). In contrast, a post hoc pair wise

comparison for the urban group showed that immature of

both sexes spent more time feeding and on object manip-

ulation/playing than adults of both sexes (P \ 0.0001,

same value for all comparisons; Fig. 3). Adult males spent

more time resting than immature males and immature

females (P \ 0.05 and P \ 0.0001, respectively). Adult

males also spent more time feeding and moving and less

time grooming than adult females (P \ 0.05, P \ 0.0001,

and P = 0.001, respectively). Adult females spent more

time resting than immature females (P = 0.001) and more

time grooming than immature males (P \ 0.0001). Adult

females also spent less time moving than immature males

and immature females (P \ 0.0001 and P = 0.001,

respectively). Immature females spent more time grooming

than immature males (P \ 0.05). These results show that

activity budgets varied across age–sex class, and that this is

affected by the group’s habitat, thus supporting prediction 3.

Effect of food sources on time spent feeding

Monkeys in the rural group spent significantly more time

feeding on foods derived from gardens/crop lands (39.7 %)

followed by foods in houses/shops (17.1 %) and wild

plants (17.1 %) (Table 4). Monkeys in the urban group, on

the other hand, mostly consumed provisioned foods

(69.1 %), followed by wild plants (21.7 %) and foods from

gardens/crop lands (5.1 %) (Table 4).

Discussion

We analyzed and compared possible factors affecting the

activity budgets of two rhesus macaque groups living in

habitats (rural and urban groups) in Bangladesh with dif-

fering levels of commensalism in order to better understand

the behavioral flexibility of this species. Time spent on

behavioral activities (feeding, resting, grooming, moving,

and object manipulation/playing) varied between groups,

and we suggest that individuals modified their activity

budgets in response to changing ecological factors in the

habitat based on seasonal variation of food resources and a

combination of age–sex class food requirements.

We found that the rural group spent a greater amount of

time feeding (36.2 %) than the urban group (22.4 %), and

also more time doing so than any other previously studied

group (Teas et al. 1975; Marriott 1988; Malik and South-

wick 1988; Goldstein and Richards 1989; Seth et al. 2001).

This is supported by another study showing that a Nepalese

forest rhesus group spent more time feeding than did the

provisioned Cayo Santiago group (Marriott 1988). El

Alami et al. (2012) also reported that Barbary macaques

decreased their foraging time at the tourist site and spent

significantly less time foraging and moving than the rural

group, which was dependent on wild plant food resources.

Fig. 3 Behavioral variation across age–sex classes between the rural

and the urban rhesus macaque groups

Table 4 Comparison of time spent feeding on different food resour-

ces between rural and urban groups

Food source % of time spent feeding (±SD) t test (n = 12)

Rural group Urban group T P

Gardens/crop lands 39.7 ± 6.6 5.1 ± 2.9 6.98 <0.001

Wild plant 33.2 ± 5.1 21.7 ± 4.7 3.56 <0.01

Houses/shops 17.1 ± 4.0 3.9 ± 3.0 7.78 <0.001

Provisioned 6.5 ± 3.5 69.1 ± 6.4 11.09 <0.001

Animal food 3.4 ± 2.5 0.1 ± 0.1 5.80 <0.001

Soil 0.1 ± 0.1 0.2 ± 0.1 1.62 0.133

% of feeding time spent on each resource by each focal subject

(n = 12) per group was calculated from the overall time spent feeding

on those food items

Statistically significant P values appear in bold
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During our observations, we found that the rural group had

greater access to gardens/crop lands and also utilized more

naturally occurring vegetated areas, resulting in them

spending more time feeding than did the urban group.

In this study, we found that the urban rhesus group spent

a greater amount of time resting (46.1 %) than previously

studied groups (Teas et al. 1975; Malik and Southwick

1988; Marriott 1988; Seth et al. 2001). We suggest that

time spent resting and feeding in the urban group was

influenced by the regular supply of provisioned foods,

which provide more energy to meet metabolic demands in

a smaller amount of food and in a shorter amount of time

than do wild plant foods (Baulu and Redmond 1980;

Brennan et al. 1985; Fa 1986; Saj et al. 1999). Furthermore,

the urban group spent more time resting and grooming,

which might be due to their limited access to natural for-

aging sites and/or due to becoming satiated much more

quickly. After eating provisioned food, they frequently

rested and engaged in social grooming. It has been sug-

gested that social grooming functions to maintain cohesion

and strengthen social bonds between individual kin groups

(Lindburg 1973). The overall grooming patterns in this

study are similar to groups studied in India, Nepal, and

Cayo Santiago (Teas et al. 1975; Malik and Southwick

1988; Marriott 1988; Seth et al. 2001); however, the urban

group of this study and the captive Cayo Santiago group

spent more time grooming (Marriott 1988). Since both

groups were provisioned, their energetic requirements may

be met more quickly than wild or less food-dependent

commensal groups, leaving more time available for

grooming, which would in turn help to maintain interin-

dividual cohesiveness in a group that is likely to be more

spatially drawn together to fairly clumped resources. No

differences in moving time between the rural and the urban

group were found in this study, but previously reported

groups of rhesus macaque in forest (Southwick et al. 1982;

Marriott 1988; Seth et al. 2001), mountain (Goldstein and

Richards 1989), temple (Teas et al. 1975), and urban areas

(Malik and Southwick 1988) spent more time moving than

both of our study groups or the provisioned Cayo Santiago

group (Marriott 1988). Interestingly, object manipulation/

playing time was actually shorter in our study groups than

in groups reported elsewhere (Teas et al. 1975; Malik and

Southwick 1988; Seth et al. 2001).

Kurup and Kumar (1993) reported that the time devoted

to feeding was inversely related to resting. However, we

found that monkeys of the rural group fed more on garden

sources and wild plant foods (see Table 4), as these items

were more abundant in their habitat. This is also supported

by the study of Saj et al. (1999), who found that monkeys

in Entebbe, Uganda, preferred garden plant items because

they are nutrient rich (particularly fruit items) and are

easier to find, though raiding garden foods is presumably a

riskier feeding strategy. Feeding time was extended in our

rural group. These results support Siddiqi and Southwick

(1980), who showed that a group found near to a forest

patch spent more than 50 % of their time feeding on natural

vegetation. In contrast, the urban group spent most of their

feeding time on provisioned foods provided by local visi-

tors and government authorities (see Table 4). This is also

consistent with the results of an urban rhesus group in India

that spent more than 80 % of their time feeding on foods

offered by local people (Siddiqi and Southwick 1980), in

spite of the fact that feeding on higher quality foods, such

as fruits and nuts, can reduce the time spent feeding

(Nakagawa 1989). The semi-provisioned Barbary maca-

ques showed a high level of competition and aggression (El

Alami et al. (2012). Intertroop agonistic behavior was also

much higher in urban rhesus macaques than in their forest-

dwelling conspecifics (Ciani 1986). Our results too showed

that the provisioned urban rhesus group exhibited more

dominance interactions than the rural group. In all of the

above instances, dominance interactions are attributable to

competition over highly clumped food resources.

Overall, differences in the activity budgets of the two

groups were related mainly to the food resources available,

reflecting different behavioral modifications overall to

these two different habitats. In less human-impacted hab-

itats, food availability is expected to fluctuate more sea-

sonally (Halle and Stenseth 2000). Thus, time allocated to

feeding and resting should also fluctuate seasonally,

depending mainly on food availability, as was reported for

red ruffed lemurs in the lowland coastal rain forest of

Madagascar (Vasey 2005) and also for Japanese macaques

in the temperate area of Takagoyama, northern Japan

(Yotsumoto 1976). A study of Geoffroy’s marmosets

showed that time spent resting and foraging significantly

varied between the dry and wet seasons and was related to

insect-food availability (Passamani 1998). Seasonal trends

in resting and foraging were also noted for Japanese

macaques, and were related to the availability of natural

plant and insect foods (Hill 1997; Hanya 2004; Jaman and

Huffman 2008). Time spent feeding and resting is constant

across the months for Japanese macaques living in the

subtropical lowland areas of Yakushima, whereas time

spent grooming increases from October to December and

moving decreases during this period (Maruhashi 1981).

Thus, we expected (prediction 2) that the time spent

feeding and resting as well as on other activities in the

rhesus groups should vary seasonally according to the

sources of food available to meet an individual’s nutritional

requirements. Indeed, we found that regardless of group,

overall time spent on behavioral activities was significantly

affected by season. More specifically, in the rural group,

time spent feeding, grooming, and moving varied signifi-

cantly across seasons, while time spent on all activities
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other than feeding varied across seasons in the urban group.

This suggests that season did not affect time spent feeding

by the urban group, most likely because roughly the same

amount of provisioned foods was provided to them each

season by humans. They spent more time resting in sum-

mer than in winter/dry season, probably to avoid the high

temperature and also because of the lack of available trees

for shade. This study found that seasonal variations in

behavioral activities, particularly feeding time, in the rural

group might be related to the seasonal variation in food

resources, as monkeys had access to a variety of wild and

garden fruits and agricultural crops in the summer and

during the monsoon season. The rural group rested more in

the winter/dry season, in part due to the early morning fog,

although it was also the season of relative food scarcity

(only 5–7 species of fruit plants were available then).

We found that time spent on all activities, regardless of

group and season, varied across age–sex class in relation to

food access and quality. Our results showed that age–sex

class variations in activity patterns were similar in both

groups; adults spent more time resting and less time

feeding, while immatures spent more time feeding and less

time resting. This result is consistent with the different

activity budgets of adult versus immature Japanese maca-

ques (Jaman and Huffman 2008). This suggests that,

regardless of habitat differences, immatures spend more

time feeding, perhaps to satisfy the energetic requirements

of physical development and maturation (National

Research Council 2003). We also found that immatures in

both groups spent more time on object manipulation/play

than adults of both sexes, and we suggest that the energy

required for this activity was another reason for their

extended feeding time. Moreover, in the rural group, while

adults initiated raids on gardens, houses, and shops for

food, immatures stayed and continued to feed even after

the adults stopped—until the group was driven away. This

is one reason perhaps why immatures in the rural group

could spent significantly more time feeding than their

counterparts in the urban group. A similar tendency was

observed in baboons, in that juveniles were noted to be

greater agricultural pests than adults (Forthman-Quick

1986). Interestingly, it seemed that once immature rhesus

macaques of the rural group had visited newly available

garden sites with adult group members, they continued to

raid houses and gardens more frequently than the adults

did. Adult females in the rural group spent more time

feeding than adult males, but the reverse was true in the

urban group. One interpretation of this difference may be

that urban females do not have the same access to food as

rural females because males monopolize provisioned foods

in the urban group.

Adult females groom more than adult males (Smith 1977;

Waser 1977; Maruhashi 1981; Watanuki and Nakayama

1993). Possible reasons for this may be that (1) males are

dominant over females as well as subordinate males (inter-

estingly, adult males allowed adult females who groomed

them to also forage with them, which would allow some

females greater access to high-quality food and maximum

access to available food; Soumah and Yokota 1991) and (2)

males tend to feed faster than females and juveniles

(Clutton-Brock 1977).

Adult females, in this study, groomed more than both

adult and immature males and immature females. Imma-

ture females also groomed more than immature males. Due

to the observation protocol of our study, we did not record

detailed aspects of each groups’ social-sexual behavior.

Even so, the levels we observed were too small to be

included in our activity budget analyses. In the future, it

would be interesting to investigate possible differences in

reproductive behavior as an effect of differences in the

activity budgets of groups under different levels of com-

mensalism. Such information could have implications for

population management.

In conclusion, behavioral patterns in the rural group

were different from those in the urban rhesus macaque

group, and these differences were related to habitat type,

seasonality/availability of food resources (natural food

sources and the level and stability of access to human

foods), and differences in age–sex class nutritional

requirements. In particular, daily access to a wider variety

of plant food resources by the rural group and daily pro-

visioning in the urban group seems to be largely respon-

sible for the differences in the daily activity budgets of

these two commensal rhesus groups. An important issue for

rural macaque populations warranting further investigation

is how food shortages caused by human-induced degrada-

tion of their natural habitat can increase crop raiding and in

turn human–macaque conflict.

In an earlier study performed in the same two areas,

Oppenheimer et al. (1983) mentioned that the group size of

rhesus monkeys was higher in the forest than in the city.

However, some 30 years later, we found the opposite trend

in our two study groups. The urban group was twice the

size of the rural group. The diet of the urban group comes

mainly from food given by local people and visitors. The

improved nutritional value of a provisioned diet is known

to enhance fecundity, resulting in population growth (Mori

1979; Lyles and Dobson 1988). Increased group size and a

growing reliance on humans for food may bring them into

increased conflict with urban residents in the future.

However, unlike the rural group site, where human–

macaque conflict is high, in urban Dhaka problems asso-

ciated with the rhesus macaques are manageable and there

is no human–macaque conflict (Jaman and Huffman, in

preparation). On the contrary, these monkeys are perceived

to be an important part of the environment; feeding them
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brings intrinsic joy and religious benefits, so the people

want to protect them through appropriate management

practices (Jaman and Huffman, in preparation). This study

adds to our growing understanding of commensalism in

macaques (e.g., Paterson and Wallis, 2005; Radhakrishna

et al. 2012).
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