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Feeding Behavior of the Western Hoolock Gibbon (Hoolock hoolock) 
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Abstract: An understanding of the diet and the factors influencing food choice are important when considering conservation 
measures for primates.  From April 2016 to March 2017, we studied the feeding behavior of the western hoolock gibbon (Hoolock 
hoolock) in response to seasonal variation of food in Satchari National Park (24°7'25.65"N, 91°27'5.43"E), Bangladesh.  A group 
of hoolock gibbons comprising four individuals was studied using scan sampling.  The gibbons spent 57.5% of their feeding time 
eating fruits—figs made up 30.4% and non-fig fruits 27.1%.  Other food items included leaves (20.1%), flowers (8.7%), shoots 
(5.4%), bark (4.7%), and animal prey (3.6%).  The gibbons ate whole, small, ripe, juicy fruits such as mature and ripe figs, but 
were seen to avoid over-ripe fruits.  Dietary diversity was higher in the rainy season (H' = 2.71) and fruits were generally fore-
most in the diet at that time. Leaves were an increasing component of the diet during the winter (colder months November to 
February) and flowers were eaten more during the summer (warmer months March to May).  We found a significant correlation 
between the percentage frequency of feeding on fruits and the percentage of trees in the quadrats bearing them (r s = 0.71, n = 12, p 

= 0.003).  Fruit availability significantly influenced the gibbons’ food choice (r² = 0.726, n = 12, p = 0.001).  The plant part of the 
hoolock’s diet was diverse—76 plant species in 33 families, with Moraceae being the dominant family (16 species) in providing 
figs throughout the year.  
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Introduction

Primate feeding strategies and the factors that influence 
their food choice are fundamental for our understanding of the 
socio-ecological aspects of primate evolution and the habitat 
requirements necessary for the conservation of threatened 
primates (Robbins and Hohmann 2006).  Food availability 
depends on the profile of the forest, plant species diversity, 
and the distribution and seasonality of food resources (see, 
for example, Feeroz 1998).  Seasonal shifts and food avail-
ability are known to be the crucial ecological factors affecting 
feeding behavior as they require a trade-off between energy 
acquisition and expenditure (Chapman et al. 2015).  The large 
majority of primates inhabit tropical rainforest, experiencing, 
as such, plant phenological cycles that can result in high sea-
sonal fluctuations in the quality and quantity and dispersion of 
food resources (van Schaik et al. 1993; Harrison and Marshall 
2011).

The western hoolock gibbon (Hylobatidae; Hoolock 
hoolock) is found in small populations in India, Bangladesh, 
China and Myanmar, (Ahsan 1984; Tan 1985; Mukherjee 
1986; Mootnick et al. 1987; Islam et al. 2008, 2011).  In 

Bangladesh, they are restricted to forest in the northeast and 
south-east of the country.  Satchari National Park, in the north-
east on the border with India, is one of the crucial protected 
areas for this species.  A number of studies have been carried 
out on this taxon in Bangladesh, addressing behavior, feed-
ing ecology and habitat preference (Islam and Feeroz 1992; 
Ahsan 1994; Hasan et al. 2005; Muzaffar et al. 2007; Hasan 
and Feeroz 2011; Akers et al. 2013), but none in the Satchari 
National Park, and detailed information on feeding behavior in 
relation to seasonal change in food availability is still limited.  
Hence, in the present study we focused on the composition of, 
and temporal changes in, their diet.  Our objectives were to: 1) 
study their diet and feeding behavior; 2) understand how they 
budget their time in exploiting different food items; and 3) 
evaluate the effect of seasonality on feeding behavior.

Methods

Study site
Satchari National Park (24°7'25.65"N, 91°27'5.43"E) is 

in the Sylhet region of northeastern Bangladesh (Fig. 1).  It 
is a tropical semi-evergreen forest covering an area of 243 ha 
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in a partial transition zone between the Indian sub-continent 
and the Indo-Chinese ecological region, also comprising the 
Raghunandan Hills Reserve Forest, within the Satchari range 
(Sharma 2006).  The park is surrounded by tea estates, lemon 
orchards, oil palm and rubber plantations, and agricultural 
fields (Hasan et al. 2018a).  The soils are typically brown, 
acidic and sandy loam to silty clay.  The forest is permeated 
by small sandy-bedded streams that dry out at the end of the 
rainy season.  The vegetation is evergreen to semi-evergreen, 
with the majority of the smaller understory trees evergreen 
and the large dominant trees deciduous (Hasan et al. 2018b). 

The climate is usually warm and humid in summer (March 
to May), wet and rainy from June to October, and cool during 
the winter (November to February), which impacts seasonal-
ity in leaf and fruit production (Hasan et al. 2018c).  Weather 
parameters (rainfall, temperature, and relative humidity) were 
obtained from the Bangladesh Meteorological Department.  
During the study period, the Satchari forest had a mean daily 
temperature of 27.4ºC, mean annual rainfall of 224 mm and 
monthly average humidity of 75% respectively.  The highest 
temperature recorded was 32°C in April 2016, and the lowest 
was 14°C in January 2017.  The highest rainfall was recorded 
in May 2016 (647 mm), and there was no rain from December 
2016 to March 2017.  The highest humidity was recorded in 
July 2016 (89%) and lowest in March 2017 (47%).

Behavioral data 
 A group of four hoolock gibbons—an adult male, an 

adult female, a sub-adult male and a juvenile—was studied in 
Satchari National Park, from April 2016 to March 2017.  The 
gibbons were followed for 4–5 days each month, totaling 54 
days; 336 hours (range = 6−8 hours/day) resulting in 2,192 
feeding records.  Data on different feeding activities were col-
lected by scan sampling for 5 minutes with 5-minute intervals 
between the scans (Altmann 1974).  The activities performed 
by the visible members of the study group were reported in 
each scan.  When we encountered the group, we first followed 
the adult male and then noted the activities of the other group 
members.  We recorded only activities that lasted for >2 min 
in each scan.  Feeding was recorded when an individual was 
searching for food, manipulating food, masticating and swal-
lowing.  We recorded food species, plant types and food parts 
eaten (leaves, fruits, flowers, bark, shoots).

 
Phenological data

Phenological data were obtained to determine the sea-
sonal productivity of food plants during the study period.  Ten 
sample plots (each of 50×50 m) were laid over the home range 
of gibbon. All trees measuring ≥30 cm Diameter at Breast 
Height (DBH) were identified and marked (Marshall and 

Figure 1. Field site and its location in the north-eastern region of Bangladesh. (Source: Uddin et al. 2013).
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Leighton 2006).  The local name of each tree was recorded by 
the field assistants and verified later by plant taxonomists and 
the available literature (Mukul et al. 2007; Arefin et al. 2011; 
Pasha and Uddin 2013).  In cases of doubt plant specimens 
were collected, photographed and sent to the Bangladesh 
National Herbarium for verification.  The phenological phase 
(new leaves, flowers and fruits) was recorded every month 
with the help of binoculars (Bushnell 10×42).  The productiv-
ity in a given tree canopy was estimated as a score from 1–4: 1 

= 1–25%; 2 = 26–50%, 3 = 51–75%, and 4 = 76–100%. When 
there was no productivity the score was Zero (0 = absent). 

Data analysis
Percentage time spent feeding on different food items 

was estimated using the formula Tf = (nf × 100)/N, where 
Tf = time spent on particular food item as a percentage of 
total feeding time, nf = number of scan records on a specific 
food item, and N = total number of scan records.  We exam-
ined the differences in the monthly proportions of time allo-
cated to feeding on different dietary items by the study group 
using Kruskal-Wallis one way ANOVA.  The F test (analy-
sis of variance) was applied to compare feeding on different 
food items across the months.  Spearman rank correlation 
was used to test the relationship between monthly feeding 
percentages on different food items and their availability in 
the phenological quadrats.  Mann-Whitney U test was also 

performed to see the differences between monthly feeding on 
figs, non-figs, ripe and unripe fruits.  We excluded the records 
for feeding on bark, shoots and animal prey because observa-
tions each month were too infrequent.  Stepwise regression 
was applied to assess the influence of food availability on the 
feeding activity of the gibbons. R statistical software [3.6.1, R 
Core Team 2019] and Statistical Package for Social Sciences 
(SPSS 19) were used for analysis, considering a p value ≤0.05 
to be significant.   

Results

Overall feeding behavior
As a group the hoolock gibbon spent 57.5% its feed-

ing time feeding on fruits, 20.1% on leaves, 8.7% on flow-
ers, 5.4% on shoots, 4.7% on bark and 3.6% on animal prey. 
Feeding on fruits was predominant during the early morning, 
while in the afternoon, they fed on a wide variety of foods, 
including leaves, flowers, bark, and shoots.  In the evening, 
they would frequently eat fruits while moving towards their 
sleeping sites.  Time spent feeding on each food item differed 
among the four groups members, each of a different age-sex 
class, but the differences were not significant: fruits during 
the study period (H = 10.34, df = 2, p = 0.24); leaves (H = 
9.43, df = 2, p = 0.31); flowers (H = 6.77, df = 2, p = 0.11) 
(Table 1).
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most favored, with 16 species, and 35.2% of their feeding 
time spent eating Moraceae fruits (Table 3).  The top 20 spe-
cies contributed 53.4% of their annual diet (Table 3).  Selec-
tivity was observed in relation to their food preference and 
plant species consumption. The gibbons used 27 (36%) plant 
species for their fruits, 12 (16%) for leaves, 5 (6%) for flow-
ers, and the remaining 32 (42%) species were eaten for two or 
more food items (Table 3).  Feeding selectivity on the top 20 
food species was different each month.  The differences were 
found to be significant (One-way ANOVA: F = 4.02, df = 11, 
p = 0.02).  Dietary diversity was H' = 2.48.  It was higher in 
the rainy season (H' = 2.71) than in the winter (H' = 2.29) and 
summer (H' = 2.45) months.

Food resources and their temporal availability
In all, 412 plants (mean dbh = 62.37, range = 16–139.2 

cm, SD ±32.43), including trees, stranglers and lianas, were 
recorded in the ten 2.5-ha vegetation quadrats.  Trees were 
dominant comprising 67.1% of the total plants recorded.  
Overall density was 133 plants/ha.  The top 10 families 
accounted for 68.9% of the plants.  Moraceae was the most 
dominant family contributing 18.4% of the total plants, 
accounting for 27.4% of the total basal area (1,717,018 cm²).  
Average species diversity was 30 species/ha.  The top 10 spe-
cies accounted for 29.1% of the total plants, of which Arto-
carpus chaplasha was the most common (6.8 trees/ha) in the 
quadrats. 

Leaf cover was below 40% in the winter (November 
to February).  Flowers were invariably scarce compared to 

The gibbons’ fruit diet was dominated by figs 30.4% 
(Table 2). They preferred mature and ripe fig fruits (syconia) 
and avoided those that were over-ripe. They ate the mature 
yellowish-green fruits of Ficus lamponga and Ficus gibbosa 
and the ripe yellowish brown Ficus variegata but the pink-
ish red over-ripe fruits were avoided.  Ficus gibbosa was the 
species most favored, followed by Ficus variegata (Table 
3).  Monthly differences between feeding on figs and non-
figs were significant (Mann-Whitney U test: Z = -2.41, n1 = 
521, n2 = 468, p = 0.0151) over the study period.  Other than 
figs, gibbons took whole, small, ripe and juicy fruits (48.3%), 
followed by fruit pulp 21.4%, arils 15.2%, peel 7.9%, seeds 
5.9% and 1.3% stalks.  Carallia brachiata (1.35×1.41 cm) 
provides an example of a small, ripe fruit with a juicy pulp 
and very thin rubbery coating that they would swallow whole. 
For medium-sized fruits, the gibbons would eat the fruit pulp 
but leave the seed (for example, Holigarna longifolia, size 
2.67×1.49 cm, with a heavy coating).  In the case of quite 
large fruits with thick rubbery coating, the gibbons would 
peel off the epicarp and then eat the endocarp or aril with the 
seed (for example, Artocarpus chaplasha, size 9.25×12.45 
cm).  Fruit feeding in terms of ripe and unripe fruits differed 
significantly (Mann-Whitney U test: Z = -5.72, n1 = 296, n2 

= 146, p = 0.0214).  Evidently ideal fruits sought by gibbons 
were yellow, large, with a juicy-soft pulp, thin skin and avail-
able in large crops.

Plants were the main dietary sources of hoolock gibbon. 
Seventy-six plant species belonging to 33 families were 
included in the gibbon group’s diet.  Moraceae was the family 
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the leaves, but  more or less flowers were found in differ-
ent plants all year round in patchy areas of the forest.  The 
number of plants flowering peaked in April (40%, summer 
season) and was lowest in November (5%, early winter).  
Fruits were available in moderate quantities during the entire 
study period, but fruit production was particularly high in 
July (46%, early rainy season) and lowest in March (10%, 
beginning the summer) (Fig. 2). 

Diet in response to seasonal variation
Food choice varied in response to seasonal shifts of food 

availability in the gibbons’ home range.  Fruit feeding was 
highest during the rainy season (60.1%) when fruits were 
relatively abundant, and somewhat reduced in early winter 
(56.0%) through to late summer.  Overall, leaf consumption 
was low year-round, but higher in winter (23.9%) compared 
to the other seasons (Table 2).  In winter (November to Feb-
ruary), the gibbons ate flowers, floral buds and nectar from 
epiphytes, for example, Acampe praemorsa, and vines, for 
example, Thunbergia grandifolia, palms (Caryota urens) 
and syconia from immature figs.  During the rainy season, 
they usually preferred to feed on ripe fruits and mature figs, 
although palm fruits were  available.  Shoots, bark and animal 
prey were consumed largely at the end of winter.  The gibbons 
ate some flowers throughout the year but showed a gradual 
increase in flower-eating in summer (9.8%) when the flowers 
were more available (Table 2).  

The extent to which the gibbons fed on different food 
items was variable, but the monthly variation in fruit feed-
ing was marked  (F = 39.14, df = 2, p = 0.004).  There was 
a significant correlation between the percentage frequency 
of feeding on fruits and the percentage of trees in the quad-
rats bearing fruits (rs = 0.71, n = 12, p = 0.003).  Stepwise 

regression analysis revealed a significant positive correlation 
between feeding and fruit availability (r² = 0.726, n = 12, p = 
0.001; Table 4). 

Discussion

The hoolock gibbon group we studied was compara-
tively less frugivorous (57% of the time spent feeding) and 
more folivorous than has been found in earlier studies in 
Bangladesh—fruits 89% (Islam and Feeroz 1992); fruits 
71% (Ahsan 1994); fruits 90% (Hasan et al. 2005); fruits 
89% (Feeroz 2011).  Their fruit feeding was  closer to that 
found, for example, by Gupta (1994) 59% in Tripura, India; 
Tilson (1979) 67% in Assam, India; Borah et al. (2018) 51% 
in Assam, India; and by Kim et al. (2010) 63% for Hylobates 
moloch, Java, Indonesia.  The possibility is that tree felling 
has reduced the number of fruit trees in Satchari, but there is 
no doubt that the diet will depend on the species composition 
and phenological regimes of the various forests where gib-
bons occur.

Fig trees are an important source of food for primates 
in the tropical world (Reynolds and Reynolds 1965; Hladik 
1968; Ripley 1970; Terborgh 1983; Kinnaird and O’Brien 
2005).  They are aseasonal in their fruiting, and hence play 
a crucial role year-round for the gibbons.  The proportion of 
time the Satchari gibbon group spent feeding on figs was sim-
ilar to the findings of previous hoolock gibbon studies in Ban-
gladesh: 38% (Islam and Feeroz 1992); 32.6% (Ahsan 1994); 
42% (Hasan et al. 2005); and 40.3% (Feeroz 2011). 

Islam and Feeroz (1992) found that gibbons collected 
food from 40 plant species, and Hasan et al. (2005) reported 
30 species at Lawachara National Park, Bangladesh. Zhou 
and Deng (2018) reported 133 plant species in Bawangling 
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National Nature Reserve, China; and Borah et al. (2018) 
reported 54 species in Northeast India.  The inconsistancy in 
the number of plant species as sources is to be expected as 
a result of the differing periods of study and the prevailing 
availability, the taste and choice preferences of the gibbons, 
and plant phenological cycles (Raemaekers 1977).

Primate species choose their food based on their avail-
ability in the home range (Lee and Hauser 1998).  The gib-
bons in this study took more fruits during periods of high 
fruit availability (rainy season) and turned to leaves and other 
items during periods of low fruiting, compatible with the 
patterns observed elsewhere (Chivers 1974; Bricknell 1999; 
Ahsan 2001; McConkey et al. 2002, 2003; Feeroz 2011; Bach 
et al. 2017; Clink et al. 2017).  Flowers, shoots, bark and 
animal prey were consumed to a large extent at the end of 
winter when other food items and even water were in short 
supply. 

Ficus gibbosa was the most favored food species, ranked 
as 1st, providing both leaves and fruits thoughout the year.  
The common red stem fig (Ficus variegata), dewa (Artocar-
pus lacucha), the palm (Caryota urens) and hog plum (Spon-
dias pinnata) were ranked as the 2nd, 3rd, 4th and 5th most 
utilized species, respectively.  The manifestation of five pre-
ferred food plants and 14 heavily used aseasonal fig species in 
their diet supports the idea that gibbons are mostly dependent 
on these plants round the year, while diversifying their diets 
when seasonal fruits were available during the rainy season. 

Overall, our results suggest that gibbons are selectively 
frugivorous when the fruits are available and tend to diversify 
their diet during lean periods.  Alhough time spent feeding on 
fruits was predominant throughout the year, non-fruit items 
were found to be supplements in the winter when fruits were 
scarce.  A good understanding of the floristic composition of 
actual and potential gibbon habitat provides the wherewithal 
for understanding demographic patterns and the key features 
that need to be protected for the maintenance of gibbon popu-
lations, most especially in fragmentated forests, and besides to 
estimate the suitabillty of forests for reintroduction programs.  
In this regard, we recommend long-term data collection for 
further research investigating the hoolock gibbons’ feeding 
selectivity and the effect of logging and forest degradation on 
their food resources.
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