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INTRODUCTION

Feeding ecology is a central component of a species’
biology and helps researchers to understand many as-
pects of its anatomy (Lehman et al. 2005), survival, re-
production, group dynamics (Garber 1987), habitat
requirements and social structure (Eisenberg et al.
1972). Dietary research highlights the impacts of envi-
ronmental factors that most affect animal ecology
(Poulsen et al. 2001) and explains the constraints
which limit their distribution. The exploitation of rare
or difficult-to-digest resources by some primates may
aid in their ability to avoid competition with other ani-
mals in their environment (Ganzhorn 2002), and may

also lead to evolutionary advantages regarding health
and anti-predator de fence systems (Forbey et al. 2009).

One such adaptation by a handful of primate gen-
era is the ability to excavate and consume plant exu-
dates. Nash & Burrows (2010) and Smith (2010) re -
viewed the dietary, behavioural and morphological
correlates of exudativory in primates. Exudativory is
an important but relatively rare feeding adaptation
for more than 70 species of primates including strep-
sirrhines (cheirogeleids, galagids and lorisids), cal-
litrichids, and some Old World monkeys (cercopithe-
cids). Exudates are a family of foods including gums
and saps that offer a carbohydrate-rich energy source,
yet one which at the same time may contain difficult-
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to-digest secondary metabolites (Heymann & Smith
1999). Only 6 primate genera (Calithrix, Mico, Ce bu -
ella, Phaner, Euoticus and Nycticebus) are known to
access these foods through active excavation of plant
surfaces (Starr & Nekaris 2013). These obligate exu -
dativores include exudates in ≥40% of their feeding
time (hereafter referred to as diet; Nash & Burrows
2010).

Until the mid-1990s, virtually nothing was known
about the feeding ecology of wild slow lorises (Nyc-
ticebus spp.), and the discovery that these small pri-
mates consumed large quantities (comprising nearly
40 to  90% of the diet) of exudates was surprising; in -
deed it had been predicted that like the similarly
non-leaping pottos of Africa, loris diet would com-
prise mainly fruits (Ravosa 1998). Several morpho-
logical characters of these nocturnal strepsirrhines
suggest the presence of obligate exudativory, includ-
ing a stout toothcomb, small body size, a large cae-
cum, a long tongue, wide U-shaped legs and en -
larged hand pads for gripping (Hladik 1978, Nekaris
et al. 2010). Wiens et al. (2006), Swapna et al. (2009)
and Starr & Nekaris (2013) all provided strong evi-
dence that exudates are a preferred food for slow
lorises (selected disproportionately often relative to
their abundance within the habitat) rather than a fall-
back food (food used when preferred items are not
available; Marshall & Wrangham 2007).

The Vulnerable Bengal slow loris Nycticebus ben-
galensis is the largest (1100 to 2100 g) of the 8 slow
loris species and is distributed across Southeast Asia
(northeastern India, Myanmar, Bhutan, Bangladesh,
Laos, Cambodia, Vietnam, Thailand and China).
Three short-term wild studies have provided evi-
dence for exudativory within this widely dispersed
species in different habitat types (dry acacia scrub
forest, Swapna et al. 2010; lowland rainforest mixed
with plantations, Pliosungnoen et al. 2010; and mon-
tane rainforest mixed with grassland, Rogers &
Nekaris 2011). In a 5 mo study of unmarked individ-
uals, Swapna et al. (2009) revealed that although they
also consumed nectar, plant bark, fruits and small
invertebrates, the majority of their wild diet com-
prised plant exudates (86.5% of all feeding events).

Here we report on the diet of Nycticebus bengalen-
sis based on an 18 mo eco-behavioural study of free-
ranging Bengal slow lorises in a wet semi-evergreen
forest in India; this is the first long-term (over more
than 1 yr) study of this species. We examined the
prevalence of loris exudativory across multiple sea-
sons. Using selectivity, we examined whether exu-
dates are a preferred or fallback food for lorises in
our study area. We also conducted a qualitative

examination to investigate secondary metabolites in
the chosen food items, and discuss the evolutionary
implications of these dietary choices.

MATERIALS AND METHODS

Study area

We conducted the eco-behavioural study on Ben-
gal slow lorises from June 2008 to December 2010 in
Hollongapar Gibbon Wildlife Sanctuary (HGWLS), in
Assam, India. HGWLS (Fig. 1) is situated at 26° 40’ to
26° 45’ N and 94° 20’ to 94° 25’ E, at an altitude of 100
to 120 m, and has an area of 20.98 km2. It is located
on the south side of the Brahmaputra River in the
 district of Jorhat, Assam. The vegetation type in
HGWLS is Assam plains alluvial semi evergreen
forests, sparsely interspersed with wet evergreen for-
est patches (Champion & Seth 1968). The vegetation
is composed of several canopy layers; most of the
components are evergreen in character (Champion &
Seth 1968). The top canopy is predominated by
Dipterocarpus macrocarpus and Artocarpus chama;
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Fig. 1. Location of Hollanagapar Gibbon
Wildlife Sanctuary, Assam, India. Shaded
areas in map of Assam indicate protected
forest. Compt #1–5: forest blocks desig-
nated by the local Forestry Department
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Mesua ferrea is the dominant species in the middle
canopy, whereas the lower and ground layers consist
of a variety of evergreen shrubs and herbs, the most
common being Teinosstachyum dullooa and Pseudo -
sta chyum polymorphum. HGWLS is an isolated for-
est fragment, and the ecology and the behaviour of a
species, including the Bengal slow loris, may be in -
fluenced by fragment-mediated changes.

Based on differences in minimum daytime temper-
ature, the study site can be classified into 2 distinct
weather periods, i.e. subtropical hot wet summer
(May to August) and cool dry winter (September to
April).The average temperature varies from 5°C
(minimum) to 38°C (maximum), and average rainfall
recorded is around 249 cm.

Field methods

At night, transect walks were conducted on pre-
existing trails using red-filtered headlamps (Petzl
Zoom 4.5 V with xenon halogen bulbs, MYO-3).
After locating an individual, we followed it as long as
possible, resulting in 216 follows ranging from 10 to
260 min; except for 2 cases, all follows were of single
individuals. We combined continuous focal animal
sampling (during feeding; Altmann 1974) and instan-
taneous point sampling at 5 min intervals (for general
activity) (cf. Nekaris 2001, Nekaris & Rasmussen
2003). All observations of feeding behaviours were
recorded ad libitum (Altmann 1974).

Feeding bouts were timed using a digital wrist-
watch. We scored a feeding bout when an individual
procured and/or handled food items with hands or
mouth, as well as when it chewed and ingested food.
Foraging (i.e. the search for food) was not considered
as part of the feeding bout. Each independent feed-
ing bout was separated by 5 consecutive minutes
during which the individual was engaged in an activ-
ity other than feeding or if the individual switched to
feeding on a different food type. Length of a feeding
bout is defined as continuous feeding or handling for
more than 10 s (Powzyk & Mowry 2003) and was con-
sidered over when feeding ceased. When the animal
was feeding, we recorded (1) duration of the feeding
bout, (2) canopy level, (3) position in the tree, (4) sub-
strate inclination, (5) plant species eaten, (6) plant
parts eaten and (7) a description of the feeding tree
(height, crown diameter, canopy cover and diameter
at breast height, DBH, ca. 1.3 m above ground level).
We distinguished 6 food categories: plant exudates,
plant bark, floral parts/nectar, fruits, immature leaves
and invertebrates.

Vegetation sampling

To study the abundance of tree species, we used
the strip transect sampling method (Struhsaker 1975,
Williamson 1993), creating straight lines through the
forest along predetermined compass bearings. We
laid out 12 fixed transects (500 × 4 m) within the areas
where we frequently encountered slow lorises; all
transects were at least 500 m apart. Once these tran-
sects were established, trees with DBH >10 cm were
sampled.

Methods described here followed the ethical prin-
ciples of the international guidelines for the study of
nonhuman primates concerning the use of animals
and conformed to the ethical norms of all institutions
involved in this study and the current laws of India.

Data analysis

Percentage of feeding time was calculated as the
percentage of time the animal devoted to different
food types in each season derived from the continu-
ous focal animal sampling data. Time spent feeding
on each of these plant parts indicates feeding prefer-
ences and was used to generate a ranked order of
pre fer ence for food items. For comparison with ear-
lier studies (Swapna et al. 2009), to estimate relative
preference for or avoidance of plant species in the
diet, we used ‘Vanderploeg and Scavia’s relativized
electivity index’ (Ei*) (Lechowicz 1982) for exudates
only:

Ei*= [Wi − (1/n)] / [Wi + (1/n)] (1)

where Wi = Ei’ / Σ Ei’ and Ei’ = ri / pi, and ri is the per-
centage of time spent feeding on plant species i, pi is
the percentage availability of species i, and n is the
total number of species in diet. Ei* is based on the
selectivity coefficient (Wi) and ranges from −1 to +1:
a 0 value indicates random feeding, +1 indicates
maximum preference and −1 indicates maximum
avoidance (Lechowicz 1982).

RESULTS

Feeding

We encountered slow lorises 216 times during the
study period in HGWLS. Animals were fully noctur-
nal and were observed between 18:00 and 04:30 h.
We recorded 629 feeding bouts. Consumption of dif-
ferent plant parts was clearly dominated by plant
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exudates (mean ± SD: 80.93 ± 5.24%), followed by
plant bark (7.28 ± 2.49%), fruits (4.45 ± 0.74%),
flower nectar (3.19 ± 0.89%), invertebrates (2.32 ±
1.98%) and immature leaves (1.83 ± 1.6%).

Seasonal variation occurred in the percentage of
time spent feeding on different food types. During
winter, exudate consumption increased (85.27% in
winter compared with 76.47% in summer). Plant
bark consumption increased in summer (9.21% in
summer and 5.55% in winter). Similar trends of
increasing feeding percentage are also found for
immature leaves (summer 3.12%, winter 0.54%) and
invertebrates (summer 3.28%, winter 1.35%; Fig. 2).

Bengal slow lorises consumed exudates (n = 509)
for 2 to 20 min, at an average time of 4.26 ± 2.74 min.
They actively gouged gum with the anterior teeth, in
many different postures, including head up or head
down on the trunk, standing over a branch, or bridg-
ing 2 substrates. In most cases, trees already bore
wounds (due to larval infestation, prior injury, or
fire), although lorises also gouged into the wood to
induce gum flow.

Plant taxa used as sources of food

Bengal slow lorises used 56 plant species (44 trees
and 12 lianas/climbers) belonging to 23 families as a
source of food (Table 1). Only 26 plant species were
recorded for more than 1% of feeding effort, ac -
counting for 80.15% of the total feeding time. Non-
tree species (lianas/climbers) made up 18.58% of
feeding records. Moraceae was the most important

family, with 10 species used as food sources, mainly
Ficus spp.

The top 15 food plants collectively made up 59.9%
of the overall feeding time. When lianas are included
in this analysis, the top 15 food items accounted for
68.29% of the total feeding time (Table 2).

To examine whether species were chosen based on
their relative abundance in the habitat, we calculated
Ei* only for plant species that were used by Bengal
slow lorises 1% or more of the time for exudate feed-
ing (13 plant species in winter and 11 plant species in
summer; Table 3).

Although a higher percentage of time was spent on
exudate feeding of the plant Terminalia chebula in
winter (21.61%, feeding preference: +0.297), Ei* in -
dicated that it was not one of the most preferred spe-
cies, whereas T. arjuna (14.57%, feeding preference:
+0.398) and Vatica lanceaefolia (10.51%, feeding
preference: +0.297) were the most preferred (Fig. 3).
In summer, the preference of exudates changed to T.
arjuna and Mesua ferrea, which accounted for 14.44
(feeding preference: +0.405) and 22.32% (feeding
preference: +0.393) of the total exudate feeding time,
respectively. Feeding on T. chebula remained high in
summer (Fig. 4).

DISCUSSION

We found that the major part of the diet of Bengal
slow lorises is comprised of plant exudates, accounting
for 80.93% of total feeding time. Studies on Bengal
slow loris diet in Thailand and Tripura, In dia, have
also concluded that this species predominantly con-
sumes exudates (Swapna et al. 2009, Pliosungnoen et
al. 2010), meaning that this food type is important, ir-
respective of habitat type. Bengal slow lorises con-
sumed a variety of food types in cluding both plant
material (exudates, nectar, bark, tender leaves and
fruit) and animal prey (invertebrates). We should note
that observations of animal prey are the most difficult
to see and are probably under-recorded here.

Consumption of plant exudates has now been
observed year-round for 4 slow loris species (Nyctice-
bus coucang, Wiens et al. 2006; N. pygmaeus, N. ja -
va nicus, Starr & Nekaris 2013; N. bengalensis, pres-
ent study). Exudates are the main components of diet
of the greater slow loris N. coucang (43%), pygmy
slow loris N. pygmaeus (63%: reintroduced; 51%:
wild) and Javan slow loris N. javanicus (54%) (Stre-
icher 2004, Wiens et al. 2006, Starr & Nekaris 2013).
We concur with Swapna et al. (2009) and Starr &
Nekaris (2013) that exudates are a preferred rather
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than a fallback food. As reiterated
below, the consistent inclusion of
high proportions of gums, includ-
ing gums that occur at relatively
low abundance, reinforces this
assertion.

We analysed the proportion of
each dietary item and established
that Bengal slow lorises ate certain
species and preferred them over
others, according to their relative
abundance in the habitat. The fact
that 80.93% of the Bengal slow
loris diet comprises plant exudates
reinforces the view that these are
preferred foods. Terminalia arjuna
was the most preferred, used for
exudate feeding both in winter and
summer seasons. Lagerstroemia re -
ginae was the most abundant plant
species in our study plots, but was
not one of the preferred species in
any season. Instead, the preferred
species in winter and summer were
T. arjuna, Vatica lanceaefolia, T.
chebula, Mesua ferrea and Spon-
dias pinnata. The preferred plant
species were comparatively less
abundant than the non-preferred
species. Although Ei* provides the
single best electivity index (Le cho -
wicz 1982), more information is
required on the nutritional content
of and seasonal changes in the
composition of exudates (Power
2010). Exudates are available year-
round and are known to vary sea-
sonally in chemical composition
and moisture content (Wiens 2002,
Nash & Burrows 2010). Future qua -
litative analysis may reveal that
this is a major factor influencing
the choice of plant species by these
primates.

Any nutritional analysis of exu-
dates should keep in mind the find-
ing that 5 of the most preferred
plant species of Bengal slow lorises
are known to have high medicinal
value for humans, who use them as
traditional cures. Various compo-
nents of these plants (Terminalia ar-
juna, Vatica lanceaefolia, T. che bula,
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Family                        Species                                        Plant parts      Plant type
                                                                                        consumed

Anacardiaceae          Mangifera sylvatica                      EX, NC              Tree
                                   Pegia nitida                                    EX, BR           Climber
                                   Spondius mangifera                      EX, FR               Tree
                                   Rhus semialata                            BR, FR,TL            Tree
                                   Spondia spinnata                           FR, TL               Tree
                                   Lannea grandis                              EX, FR               Tree
Araceae                      Pothos scandens                               EX                 Liana
Asteraceae                 Vernonia scandens                           NC                 Liana
Aquifoliaceae            Ilex godjam                                       BR                  Tree
Burseraceae               Canarium bengalensis                  EX, BR              Tree
Combretaceae           Terminalia chebula                EX, BR, FR, NC       Tree
                                   Terminalia arjuna                          EX, BR              Tree
                                   Terminalia myriocarpa              EX, BR, NC           Tree
                                   Combretum acuminatum                 TL                 Liana
Clusiaceae                 Mesua ferrea                                 EX, FR               Tree
                                   Garcinia pedunculata                    FR, TL               Tree
                                   Garcinia cowa                                   EX                  Tree
                                   Garcinia kydia                                  EX                  Tree
Dilleniaceae               Dillenia indica                               EX, NC              Tree
Dipterocarpaceae      Vatica lanceaefolia                       EX, NC              Tree
Dioscoreaceae           Dioscorea bulbifera                       FR, TL         Liana/Vine
Euphorbieacea          Endospermum chinensis                  TL                  Tree
                                   Antidesma diandrum                    EX, TL               Tree
                                   Bridelia stipularis                              EX               Climber
Fabaceae                   Dalbergia assamica                       EX, TL               Tree
                                   Dalbergia volubilis                           EX                 Liana
                                   Dalbergia stipulacea                        EX                 Liana
                                   Dalbergia rimosa                              EX                 Liana
                                   Spatholobus roxburghii                    EX                 Liana
Fagaceae                   Castonopsis indica                     EX, BR, FR           Tree
                                   Castonopsis tribuloides                    EX                  Tree
Hamamelidaceae      Altingia excelsa                                EX                  Tree
Lecythidaceae           Careya arborea                                 EX                  Tree
Leguminosae             Entada phaseoloides                        EX            Liana/Vine
Lythraceae                 Lagerstroemia reginae          EX, BR, FR, NC       Tree
                                   Duabanga grandiflora                      EX                  Tree
Magnoliaceae            Magnolia hodgsonii                      EX, NC              Tree
                                   Manglietia hookeri                           EX                  Tree
Meliaceae                  Melia azedarach                            EX, BR              Tree
                                   Dysoxylum binectariferum              EX                  Tree
                                   Dysoxylum grande                           EX                  Tree
                                   Dysoxylum proccerum                      TL                  Tree
Moraceae                   Ficus hispida                                  EX, BR              Tree
                                   Artocarpus chama                         EX, NC              Tree
                                   Artocarpus lakoocha                 EX, FR, BR           Tree
                                   Ficus rumphii                                 EX, BR              Tree
                                   Ficus nerifolia                                EX, BR              Tree
                                   Ficus bengalensis                          EX, BR              Tree
                                   Ficus benjamina                            EX, BR              Tree
                                   Ficus fistulosa                                EX, FR               Tree
                                   Ficus heterophylla                            BR                 Liana
                                   Morus indica                                     FR                  Tree
Poaeceae                    Pseudostachyum polymorphum       TL                  Tree
Rubiaceae                  Uncaria laevigata                              TL                 Liana
                                   Anthocephalus chinensis              EX, FR               Tree
Sterculiaceae             Pterospermum acerifolium        EX, BR, TL           Tree

Table 1. Nycticebus bengalensis. Food plants used by Bengal slow lorises in the
Hollongapar Gibbon Wildlife Sanctuary, India. Moracaeae was the dominant fam-
ily from which foods were consumed. EX: exudates; BR: bark; FR: fruits; NC: nectar; 

TL: tender (i.e. immature) leaves
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Mesua ferrea and Spondias pinnata) are widely used
by Indian Ayurvedic medicine systems as well as by
the traditional medicine practitioners in the region.
Other loris species (Nycticebus pygma eus, N. javani-
cus, Loris tardigradus, L. lydekkerianus) also consume
medicinal plants, and this could be of interest to un-
derstanding their ecology and conservation (Table 4).

A number of the medicinal plants consumed by
lorises have pharmacological importance and have
antiparasitic, antifungal, antibacterial, antiviral car-
diotonic and stimulatory properties, as well as uses in

respiratory disease and wound healing cures in tradi-
tional medicines. Inclusion of medicinal plants in
their diet might have implications for the physiology
of slow lorises. Forbey et al. (2009) suggested that
high exploitation of secondary metabolites from
plant materials may provide various natural selection
advantages for animals and that the ability to utilise
these chemicals is more common than previously
thought. Wiens et al. (2006) already suggested that
the extremely low basal metabolism of slow lorises is
an adaptation to digest toxic secondary compounds
found in their exudate-based diet. Sequestration of
chemicals from secondary metabolites provides an
array of known benefits to many taxa, including pri-
mates (Huffman 2003). One major benefit is reduc-
tion of ectoparasites, whereby sequestered second-
ary metabolites may be rubbed on fur, applied with
saliva or exuded through the skin (Lozano 1998). In -
deed, a review of all loris taxa studied to date
revealed the extremely low degree of ectoparasites
(Nekaris et al. 2013), and some of the medicinal plants
eaten by lorises are known to have anti-parasitic
properties (Mulla & Su 1999, Katz et al. 2008).

Slow lorises are the only known venomous primates
(Alterman 1995). Consumption of foods containing
various secondary metabolites and subsequent se-
questration of these compounds may not only con-
tribute to the biochemistry of slow loris venom, but
may also aid in healing of wounds in flicted by a slow
loris (Nekaris et al. 2013). Death from necrotic bites
delivered by conspecifics was found to be one of the
major causes of death to 5 different species of slow
loris, both in zoos and rescue centres (Streicher 2004).
The wounds in flicted on slow lorises by conspecifics

are severe, resulting in the loss of ears,
hands, and even whole limbs. These
bite wounds rarely heal in captivity,
but mend with remarkable success in
the wild (Streicher 2004, Nekaris et al.
2013). Nekaris et al. (2013) hypothe-
sized that wild lorises may consume
foods that their captive counterparts
lack, leading to this healing process. A
greater understanding of the role of
such plants in loris diet and of the way
these plants may be used for health
maintenance is a promising new av-
enue not only for expanding our under-
standing of loris health in captivity, but
also may yield the potential for devel-
oping novel applications of ethno-
pharmacological knowledge (Huffman
et al. 1998).
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Plant species                         Plant parts               % of 
                                              consumed         feeding time

Terminalia chebula          EX, FR, NC, BR           17.76
Mesua ferrea                              EX                      10.62
Terminalia arjuna                   EX, BR                   5.85
Vatica lanceaefolia              EX, NC, BR               4.54
Entada phaseoloides                  EX                       4.34
Pothos scandens                         EX                       4.21
Dioscorea bulbifera                 FR, TL                    3.56
Terminalia myriocarpa               EX                       2.81
Spondias mangifera                EX, FR                   2.75
Castonopsis indica                  EX, FR                   2.73
Lagerstroemia reginae           EX, BR                   2.32
Ficus hispida                               EX                       2.04
Artocarpus chama                      EX                       1.75
Dillenia indica                        EX, NC                   1.58
Morus indica                               FR                       1.43
                                                                               68.29

Table 2. Nycticebus bengalensis. Plant items from trees and
lianas frequently consumed by Bengal slow lorises and per-
cent of total feeding time spent feeding on those species. EX:
exudates; BR: bark; FR: fruits; NC: nectar; TL: tender (i.e. 

immature) leaves

Plant species       Exudate feeding (%)      Plant abundance (%)
                                                  Winter      Summer

Terminalia chebula                   21.61          16.44                         2.01
Dillenia indica                            3.38            1.33                          0.78
Mesua ferrea                             13.81          22.32                         1.78
Terminalia arjuna                     14.57          14.44                         1.12
Ficus hispida                              8.06            5.38                          1.43
Vatica lanceaefolia                    10.51           8.39                          1.01
Melia azedarach                         1.23              –                            0.25
Spondias pinnata                       6.78            5.68                          0.87
Magnolia hodgsonii                   2.32              –                            4.39
Castonopsis indica                     3.29            7.95                          5.78
Terminalia myriocarpa              7.85            9.07                          2.98
Lagerstroemia reginae              3.22            6.23                          6.48
Pterospermum acerifolium        3.37              –                            0.79
Artocarpus chama                        –              2.77                          4.76

Table 3. Nycticebus bengalensis. Proportion of time spent on exudativory of 
different plant species in relation to plant availability
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Use of ethno-pharmacological plants may also
have implications for the conservation of slow lorises.
Slow lorises are among the most widely used species
for traditional medicines in Indochina (Starr et al.
2010). Some of the pharmacological uses of plants
consumed by slow lorises in our study mirror those

reported by traditional medicine practitioners, in -
cluding curing indigestion, various stomach ailments
and heart diseases. Whether or not there is any scien-
tific validity behind ‘slow loris medicine’, the fact that
both Indochinese species are now known to consume
plants with medicinal value is of interest (Table 4). It
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is possible that in the distant past, lorises became
associated with the medicinal plants they were eat-
ing, leading local people to believe that lorises may
possess the same medicinal properties. Finding a
positive relationship between lorises and medicinal
plants, such as their role as potential pollinators, may
aid in their conservation.
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