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Abstract: We studied seasonal variation in food habits of sloth bears (Melursus ursinus) in the human-
dominated buffer zone of the Bandhavgarh Tiger Reserve, Madhya Pradesh, India, during 2017 and
2018. We analyzed 109 sloth bear scats from summer and 103 from winter to characterize the seasonal
variation in food habits. We used the Index of Relative Importance (IRI) to determine the importance of
each food item. Tendu (Diospyros melanoxylon) fruits had the highest IRI score in summer and termites
had the highest IRI score in winter. There was a distinct seasonal variation in the food habits of the sloth
bears (χ2 = 143.3, 10 df, P < 0.01). Insects (termites and ants) were the most important food source
for sloth bears, contributing 41% and 95% of the Estimated Dietary Energy Content (EDEC) during
summer and winter, respectively. We found that sloth bears fed primarily on the fruits of 6 plant species
in summer, including the fruits of the invasive weed, Lantana camara. Fruits of amaltas (Cassia fistula)
and char (Buchanania cochinchinensis) were consumed in a lower proportion than available, whereas
the fruits of tendu were consumed in proportion to availability. Sloth bears had not consumed any large
vertebrate species. The food items stabilization curve showed that 70 scats in summer, and 80 scats in
winter, were required to depict the diet of sloth bear adequately. Consumption of L. camara by sloth
bears, as well as other wildlife species, has strong management implications in terms of seed dispersal
and the spreading of this invasive weed.
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The sloth bear (Melursus ursinus) is endemic to the In-
dian Subcontinent and, in India, it is distributed from the
southernmost forests of the Western Ghats to the forests of
the Shivalik Ranges along the foothills of the Himalayas
(Yoganand et al. 2006). Most sloth bears in India re-
portedly occur in the tropical dry and moist deciduous
forests of Chhattisgarh and Madhya Pradesh in Central
India (Servheen 1990). Currently, much of the sloth bear
range occurs outside protected areas in fragmented forests
(Jhala et al. 2011). The sloth bear is legally protected in
India and is included in Schedule I of the Indian Wildlife
(Protection) Act 1972.

Sloth bears are especially adapted for their myrme-
cophagous behavior, feeding on termites and ants (Lau-
rie and Seidensticker 1977, Joshi et al. 1997). Sloth bears
show distinct seasonal variations in their food habits, con-
suming the food resources according to their seasonal
availability. The seasonal food resources are thus impor-
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tant variables that determine their distribution at fine spa-
tial scales (Davidar 1983, Baskaran 1990, Gokula et al.
1995, Joshi et al. 1997, Bargali et al. 2004).

More than 150 villages are located in the buffer zone
of the Bandhavgarh Tiger Reserve and the human pop-
ulation depends on forest resources for subsistence. The
local community extracts the fruits of tendu (Diospyros
melanoxylon), char (Buchanania cochinchinensis), amla
(Phyllanthus emblica), jamun (Syzygium cumini), and
ber (Ziziphus mauritiana), among other shared resources
consumed by sloth bears in the study area. The flowers of
mahua trees (Madhuca longifolia) are collected by local
communities in the early morning hours, at the time when
sloth bears are active. The human–sloth bear conflict re-
portedly increases during muhua harvesting (Rajpurohit
and Krausman 2000, Dhamorikar et al. 2017). Though
the human–sloth bear conflict in our study area does not
appear to be as intense as reported elsewhere in India,
the extraction of shared resources by local communities
leads to the specific cases of human–sloth bear conflict
in Bandhavgarh.
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2 SEASONAL DIET VARIATION OF SLOTH BEARS � Rather et al.

Study area
The study was carried in the moist deciduous forests

of Bandhavgarh Tiger Reserve, located in the state of
Madhya Pradesh, Central India (Fig. 1). The reserve
lies between 23°27′00′′ to 23°59′50′′ North latitude and
80°47′75′′ to 81°15′45′′ East longitude and is divided into
2 continuous administrative zones—core and buffer—
together encompassing 1,536 km2. More than 150 vil-
lages are located in the buffer zone.

Sal (Shorea robusta) forest is the dominant form of
vegetation in reserve. Mixed forests of sal, tendu, se-
jhi (Lagerstroemia parviflora), bamboo (Dendrocala-
mus strictus), and other tree species are well-represented
throughout the reserve. The overall vegetation of the
reserve consists of moist peninsular low-level sal for-
est, northern dry mixed deciduous forest, dry deciduous
scrub, dry grassland, and west Gangetic moist mixed de-
ciduous forest (Champion and Seth 1968).

The elevation ranges from 324 to 815 m above mean sea
level (MSL) with a mean elevation of 570 m above MSL.
The area has well-defined winter (Nov–Feb), summer
(Mar–Jun), and monsoon–post-monsoon seasons (Jul–
Oct). The average rainfall is 1,173 mm, most of which
occurs during the monsoon. In addition to the sloth
bear, other large carnivore species in the reserve are
tiger (Panthera tigris), leopard (P. pardus), gray wolf
(Canis lupus), dhole (Cuon alpinus), and striped hyena
(Hyaena hyaena).

Methods
Scat collection

We collected scats opportunistically whenever encoun-
tered in the winter and summer seasons of 2017 and 2018
along the forest roads, trails, and at den sites. We sun-
dried scats and stored them in polythene ziplock bags.
We recorded the date of collection, season, Global Posi-
tioning System (GPS) location, and habitat type for each
scat. We plotted GPS locations of the sloth bear scats
on the digital elevation map of the study area (Fig. 1).
Frequent rainfall made access to the forest roads impos-
sible during monsoon and, thus, we collected no scats
then.

Food availability and selectivity
We counted the number of trees in 10-m-radius circular

plots on 10 line transects; each line transect was 2 km
in length. Sampling plots were 250 m apart and 30 m
from the transect line on either side to avoid counting the
disturbed vegetation. We counted only tree species with
>30-cm diameter at breast height and >1 m in height.

We also recorded presence or absence of termite mounds
in each sampling plot, as well as disturbance factors such
as cow dung, lopping of trees, and incidences of human-
induced fire.

We estimated diet preference using Ivlev’s selectivity
index as shown below, which ranges from +1 to −1.
Values near 0 indicate proportional use, and positive and
negative values indicate preference or avoidance of the
particular food item.

Ei = (ri − ni) / (ri + ni)

where Ei is Ivlev’s selectivity index for species i, ri is the
proportion of species i in the diet, and ni is the proportion
of the species available in habitat.

Data analysis
In the laboratory, we soaked the scats in water and

then washed them in running tap water to remove dirt
using 0.7- and 0.4-mm sieves (Bargali et al. 2004). We
then analyzed scats manually using forceps and needle to
separate indigestible remains such as insects, seeds, and
hair.

We identified food items in the sloth bear scats to the
finest possible taxonomic level. We identified seeds by
comparing them with the reference collection of the seeds
collected in the field. We calculated percent occurrence as
the number of scats containing a particular food item di-
vided by the total number of scats. We calculated percent
volume of each food item in the scats by visually esti-
mating the proportion of different food items in the scats.
We generated cumulative occurrences of food items at
the interval of every 10 scats and plotted them against the
total number of scats to arrive at the minimum number of
scats we needed to analyze to accurately depict the diet
of sloth bear (Mukherjee et al. 1994).

The differential digestibility of food items may lead to
estimation bias because easily digestible food items are
under-represented and poorly digestible food items are
over-represented in diet estimation studies. There are no
correction factors available for the sloth bear, so we used
published correction factors developed for the brown bear
(Ursus arctos) to relate fecal volume to dietary content
(Persson et al. 2001, Stenset et al. 2016). We used 2 types
of correction factors (CF1 and CF2) to estimate percent
dietary content and dietary energy content of each food
item. We used CF1 to estimate the original diet compo-
sition in percent dry mass (Estimated Dietary Content,
EDC) by multiplying the fecal volume of each food item
in a respective season by its respective correction fac-
tor (CF1). We used the correction factor of 0.93 for the
fruits of D. melanoxylon, C. fistula, Z. mauritiana, and
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SEASONAL DIET VARIATION OF SLOTH BEARS � Rather et al. 3

Fig. 1. Location of Bandhavgarh Tiger Reserve, Madhya Pradesh, India, and distribution of sloth bear (Melur-
sus ursinus) scats across the study area, collected during summer and winter seasons of 2017 and 2018.

B. cochinchinensis; 0.87 for the fruits of Lantana and
Ziziphus oenopilia; and 1.1 for insects (ants, beetles, and
termites).

We used the second group of correction factors (CF2)
to convert the respective estimated dietary content of each
food item into available energy (Estimated Dietary En-
ergy Content, EDEC). We calculated percent estimated
dietary content by multiplying the respective EDC of each
food item with its corresponding CF2. The correction fac-
tors used for fruits was11.7 kJ/g and for insects (ants, ter-
mites, and beetles) it was17.7 kJ/g. Finally, we calculated
the Index of Relative Importance for each food item as
IRI = (Percent occurrence + Fecal volume) × Frequency
of occurrence (Home and Jhala 2009).

Results
Diet composition

We analyzed 212 scats (winter = 103, summer = 109).
In summer, 22% of the scats contained 2 food items and

only one scat contained 3 food items; in winter, 35% of
the scats had 2 food items, and 5% of the scats contained
3 food items (Supplemental material, Table S1). The cu-
mulative number of food items stabilized at 70 scats in
summer season and no new species occurred in the scats
of the sloth bear after 70 scats (Fig. 2a). In winter sea-
son, 80 scats were estimated to be an adequate sample
size to represent all the food items occurring in the sloth
bear diet (Fig. 2b). Overall, we identified 6 tree species,
termites, ants, bee wax, ground beetles, and unidentified
animal matter (hairs, skin, and bone fragments) in the
scats of the sloth bear. We used data on the frequency of
occurrence to test for statistical differences between the
2 seasons. There was a marked seasonal variation in the
food habits of the sloth bears between summer and winter
(χ2 = 143.3, 10 df, P < 0.01).

Sloth bears derived 95% of EDEC from insects (ter-
mites, ants, and beetles) in the winter season. Ter-
mites and ants provided 73% and 20% of the total
EDEC, respectively in winter. In summer, fruits and
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4 SEASONAL DIET VARIATION OF SLOTH BEARS � Rather et al.

Fig. 2. (a) Food items stabilization curve indicating the minimum number of scats required to accurately
depict the summer diet of sloth bears (Melursus ursinus) in Bandhavgarh Tiger Reserve, Madhya Pradesh,
India. (b) Food items stabilization curve indicating the minimum required scats to accurately depict the winter
diet of sloth bears in Bandhavgarh Tiger Reserve, Madhya Pradesh, India.

insects contributed roughly equal amounts of EDEC
(Table 1).

In terms of IRI, fruits were important food sources
in the summer season and insects formed the bulk of
sloth bear diet in the winter season (Table 1). In win-
ter, sloth bears consumed the fruits of 2 shrub species
(L. camara and Z. oenopilia) and 1 tree species. In sum-
mer, sloth bears fed on 4 tree species. Tendu fruits had
the highest IRI score in summer, followed by termites.
In winter, termites had the highest IRI score, followed
by ants (Table 1). In terms of frequency of occurrence,
percent occurrence, and percent fecal volume, the fruits
of tendu dominated in summer and termites in winter
(Table 1).

Food availability and diet preference
We recorded 28 tree species in 79 vegetation sam-

pling plots on 10 transects. Among 28 tree species, sal
had the highest density (58.01 ± 0.25 SE) per hectare.
Seven potential tree species consumed by sloth bears were
recorded during vegetation sampling. Termite mounds
occurred in 18 of 79 plots (22.78%). Among the tree
species consumed by sloth bears in this study, tendu
had the highest density (33.84 ± 0.44), followed by
char (22.56 ± 0.34; Supplemental material, Table S2).
The fruits of char (E = −0.86) and amaltas (−0.10)
were consumed in a lower proportion than available.
Tendu was consumed in proportion to its availability
(E = 0.03), and termites were preferred food items for

Ursus 31:article e12 (2020)

Downloaded From: https://bioone.org/journals/Ursus on 21 Sep 2020
Terms of Use: https://bioone.org/terms-of-use	Access provided by International Association for Bear Research and Management



SEASONAL DIET VARIATION OF SLOTH BEARS � Rather et al. 5

Table 1. Frequency of occurrence (FO), percent fecal volume (FV), percent occurrence (PO), percent estimated
dietary energy content (EDEC), and importance relative index (IRI) of all food items detected in a diet analysis
of sloth bears (Melursus ursinus) during summer and winter seasons of 2017 and 2018, based on 212 scats in
Bandhavgarh Tiger Reserve, Madhya Pradesh, India. The parts of the tree species consumed by sloth bears
include only fruits. ‘–’ indicates not found.

Summer season Winter season

Food items FO FV PO EDEC IRI FO FV PO EDEC IRI

Termites 34.86 29.13 27.74 41.59 1,982.47 70.87 71.05 50.69 72.82 8,628.70
Ants 4.59 3.62 3.65 5.17 33.36 27.18 19.51 19.46 20.00 1,059.37
Lantana camara - - - - - 18.45 1.18 13.19 0.63 265.14
Tenebrionid beetle - - - - - 9.71 2.36 6.94 2.54 90.32
Tendu (Diospyros melanoxylon) 59.63 50.55 47.45 40.33 5,843.78 - - - - -
Amaltas (Cassia fistula) 11.93 7.06 9.49 5.64 197.42 - - - - -
Char (Buchanania cochinchinensis) 3.67 3.49 2.19 1.83 12.34 - - - - -
Ber (Ziziphus mauritiana) 0.92 0.09 0.72 0.07 0.75 6.80 2.71 4.86 1.45 51.47
Mukayia (Ziziphus oenopilia) - - - - - 2.91 0.24 2.08 0.13 6.75
Bee wax 7.34 3.49 5.84 1.83 70.47 - - - - -
Unidentified 3.67 3.49 2.92 - 23.51 1.94 0.24 1.39 - 3.15

sloth bears (E = 0.30; Fig 3; Supplemental material,
Text S3).

Discussion
Sloth bear diet varied significantly between summer

and winter and was reliant on the seasonal availability of
the food resources. The fruits of tendu, amaltas, and ber
formed the bulk of the diet during the summer season,
and insects (ants and termites) dominated the diet during
the winter season. Our study showed a larger proportion
of Lantana consumption by sloth bears than has been
reported in other studies. The myrmecophagy was quite
evident in our study, indicating the importance of insects
in the diet of sloth bears.

The relatively greater proportion of plant matter in the
sloth bear diet during the summer may be due to soil
hardness during summer, which hinders sloth bears from
digging into the termite mounds (Joshi et al. 1997, Bar-
gali et al. 2004). Seasonal availability of fruits may also
explain the large proportion of fruit in the sloth bear diet
during the fruiting season. Gopal (1991) and Bargali et al.
(2004) also found a similar pattern of more plant mat-
ter during the summer and relatively greater termite con-
sumption during winter in the diet of sloth bears in 2 areas
of Central India. Our results are consistent with similar
studies that determined the diet of sloth bears in India
and elsewhere (Gokula et al. 1995, Baskaran et al. 1997,
Desai et al. 1997, Joshi et al. 1997, Bargali et al. 2004).

Diet studies of the sloth bear in the Indian subcontinent
have not determined the energy content of different food
items, presumably because of the absence of appropri-

ate correction factors available for sloth bears. We used
published correction factors developed for brown bears
to translate the diet composition into estimated dietary
energy content. Insects (termites, ants, and beetles) were
the most important food sources and contributed 95%
to EDEC in winter. In summer, insects contributed 46%
to EDEC and plant matter contributed 47% to EDEC.
Though previous studies have not calculated EDEC in
sloth bears, the importance of insects in sloth bear diet is
very well-known (Laurie and Seidensticker 1977, Joshi
et al. 1997, Bargali et al. 2004).

Surprisingly, Lantana fruits in our area were consumed
in larger proportions than reported elsewhere (Sreekumar
and Balakrishnan 2006, Ramesh et al. 2009), presumably
because Lantana thickets occurred at great abundance in
the disturbed buffer zone. Lantana fruits start appearing
just toward the end of the post-monsoon season (Sep–Oct)
and remain available for consumption until the end of
December. By the end of winter, fruits commonly con-
sumed by sloth bears are no longer available, which may
encourage sloth bears to consume Lantana fruits. The
role of seed dispersal by sloth bears is well-known, and
studies have found that seeds found in the scats of sloth
bears germinate faster than seeds that do not pass through
bears (Sreekumar and Balakrishnan 2002). Consumption
of Lantana fruits by sloth bears may lead to Lantana
spreading to other parts of the reserve. Other than sloth
bears, we also observed golden jackals (Canis aureus),
northern plains gray langurs (Semnopithecus entellus),
and several bird species feeding on Lantana fruits.

Sloth bears reportedly compete with humans for fruit
species in shared habitats (Rajpurohit and Chauhan 1996,
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6 SEASONAL DIET VARIATION OF SLOTH BEARS � Rather et al.

Fig. 3. Ivlev’s dietary index showing the dietary preference of sloth bears (Melursus ursinus) in Bandhavgarh
Tiger Reserve, Madhya Pradesh, India, based on scats collected during summer and winter seasons of 2017
and 2018.

Bargali et al. 2004). In our study, we observed extrac-
tion of tendu (leaves and fruits), mahua (flowers), char
(fruits), amla (fruits), and honey (among other non-timber
forest products) by local communities. The extraction of
shared resources in disturbed habitats reportedly leads
to human–sloth bear conflict (Rajpurohit and Krausman
2000, Bargali et al. 2005). In our study area, the human–
sloth bear conflict is not as intense as reported in other
areas (Garshelis et al. 1999, Bargali 2003, Bargali et al.
2005). Although sloth bears consumed tendu fruits pro-
portionally, the fruits of amaltas and char were avoided.
The lower dependence of sloth bears on resources shared
with humans, and the fact that insects formed the bulk
of the sloth bear diet, may be one of the reasons for low
human–sloth bear conflict in our study area.

Conclusion, management implications,
and limitations

In this study, we attempted to analyze the seasonal vari-
ation in sloth bear diet in the disturbed buffer zone of
the Bandhavgarh Tiger Reserve. Sloth bear diet varies
with the seasonal availability of the food resources. We
report high level of dependence of sloth bears on in-
sects and moderate dependence on plant matter in terms
of estimated dietary energy content and diet preference.
The moderate dependence on shared resources may ex-

plain the low levels of human–sloth bear conflict in
Bandhavgarh. We documented more substantial feeding
on Lantana camara fruits by sloth bears than has been
reported in other studies. Sloth bears may thus act as im-
portant seed dispersers of this invasive weed Lantana,
increasing the probability of it spreading to other parts
of the reserve. Since its introduction, it has spread across
the country and invaded most of tropical and subtropi-
cal parts of India. The role of sloth bears as dispersers
of Lantana seeds may have serious habitat management
implications.
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Supplemental material
Table S1. Diet composition of sloth bear in summer

season.
Table S2. Densities of all major tree species esti-

mated in 10-m-radius circular plots on 10 line tran-

sects in the buffer zone of the Bandhavgarh Tiger Re-
serve, Madhya Pradesh, India.

Text S3. Estimation of Ivlev’s selectivity in-
dex for the food items consumed by sloth
bears.
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