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The Indian pangolin (Manis crassicaudata) has a wide distribution in the Indian subcontinent and is a threatened species throughout its range due to hunting, poaching, trafﬁcking, and destruction of natural habitats. Many rescue programmes for Indian pangolins
have had limited success due to the paucity of literature on the diet, ecology and its
behaviour. This study investigated the dietary composition and foraging habitat preference
of the Indian pangolin in a tropical lowland forest-associated landscape of Southwest Sri
Lanka. Five types of habitat were considered in this study: forest, rubber plantation, cinnamon cultivation, oil palm plantation, and tea-dominated home gardens/cultivated areas.
The foraging intensity of Indian pangolin in the ﬁve habitat types was assessed using signs
of foraging activities observed in ﬁve 10  10 m plots placed along a transect. Ten transects
were established in each habitat assessed. The forest habitat was preferred in the studied
landscape, followed by rubber plantations, the cinnamon cultivations, oil palm plantations
and the tea-dominated home gardens/cultivated areas. Indian pangolins mostly predated
on termites, as indicated by the number of feeding events on termitaria and termiteinfested logs. Faecal content analysis further revealed that the undigested matter (by
weight) was predominantly composed of grit (53.3%), insect matter (37%) and plant matter
(9.7%). The digestibility of termite heads, mouthparts, abdomens, and legs was high
compared to that of ants. This difference in digestibility was evident from the presence of
signiﬁcantly more heads, mouthparts, abdomens, and legs of ants in the faecal matter,
compared to that of termites. However, undigested termite wings were frequently
observed in the faecal matter. Termites of the genus Odontotermes and ants of the genera
Oecophylla, Anoplolepis, Camponotus and Monomorium were the main prey species of the
Indian pangolin in the studied area. The ﬁndings on the dietary composition have implications in captive rearing and husbandry of Indian pangolins. In addition to natural forests,
the ﬁndings of the study suggest that human-modiﬁed agricultural lands adjoining forest
also serve as important as foraging habitats for Indian pangolins, and such habitats should
be considered in long-term conservation planning.
© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
Myrmecophagy is observed in some carnivores and omnivores to different degrees, but only a few have highly specialized
anatomical and morphological adaptations exclusively for myrmecophagy (Delsuc et al., 2014). Among the specialized
myrmecophagous mammals, pangolins are evolutionarily distinct from the order Xenarthra, which includes anteaters and
armadillos; instead, they are more closely related to the order Carnivora (Redford, 1987; Beck et al., 2006). Pangolins belong to
the family Manidae of the order Pholidota, which are adapted to a specialized diet of ants, termites, and a variety of small
insect species (Newton, 2007; Irshad et al., 2015).
Among the four Asian pangolin species, the Indian pangolin (Manis crassicaudata) shows a wide distribution in South Asia,
occurring predominantly in India, Nepal, Sri Lanka and some parts of Pakistan (Chakkaravarthy, 2012). In Sri Lanka, it has been
recorded from coastal lowlands up to 1850m in the central hills, and its distribution appears to coincide with the range of
termites (Perera and Karawita, 2020). Indian Pangolins are capable of adapting to a variety of habitats across its geographical
range (Chakkaravarthy, 2012). Apart from inhabiting forest, scrubland, and grassland habitats, the species is capable of
inhabiting a variety of human-modiﬁed habitats, including different types of croplands such as rubber, cinnamon, coconut, oil
palm, tea, and even rural home gardens, given the availability of their prey and low levels of disturbance (Ashokkumar et al.,
2017; Karawita et al., 2018). For instance, areas of rubber cultivation with high termite activity have been identiﬁed as a
preferred foraging habitat of the Indian pangolin (Perera et al., 2017a; Karawita et al., 2018). However, the importance of
human-modiﬁed habitats as foraging sites of the Indian pangolin is little known in the Sri Lankan context, and such information is valuable in conservation planning of the species.
The Indian pangolin shows specialized morphological adaptations for myrmecophagy. It has forelimbs with welldeveloped claws for digging, and a long sticky tongue (Mahmood et al., 2014; Irshad et al., 2015). In the two-chambered
stomach of the Indian pangolin, the ﬁrst chamber is allocated for the storage of food, and the latter part, which is oneﬁfth of the stomach by volume (estimated), is strengthened with an advanced musculature system to support the grinding
of food before entry into the intestine (Lin et al., 2015). The Indian pangolin relies mainly on its olfactory senses to locate the
prey (Ashokkumar et al., 2017). Even though the pangolins are identiﬁed as ant and termite eaters, they also feed on
earthworms, cockroaches, and beetles, as evident from faecal matter examinations (Mahmood et al., 2015).
Indian pangolins are believed to perform an economically important role, as they can control termite damages on many
crop cultivations (Mahmood et al., 2014). The work of Ashokkumar et al. (2017) suggests that the diet of Indian pangolins
include ant eggs, larval stages of insects and Leptogenys sp.; an ant genus which has a higher colonization ability in the tropical
deciduous forests. The same study revealed that 50% of the gut content consisted of grit, which is important for the mechanical digestion of food. The Indian pangolin can be rather selective with its diet, despite the availability of a variety of ants
and termite species within its home range (Irshad et al., 2015). For instance, the examination of faecal samples of Indian
pangolins in Pakistan revealed that the diet consisted predominantly of only two species of ants Camponotus confucii and
Camponotus compressus while no evidence exists of termites in the diet (Mahmood et al., 2013). Gut content analysis by
Ashokkumar et al. (2017) further reports that Indian pangolins in the tropical forests of Southern India prefer the eggs of ants
over the adult ants, as the easily digestible ant eggs possibly allow the acquisition of more nutrition, compared to the adult
ants that have thick exoskeletons of made of chitin (Mahmood et al., 2013).
Pangolins are infrequent in the zoos due to the difﬁculties of rearing them in captive conditions (Yang et al., 2007). The
supply of sufﬁcient amounts of natural feeds, such as ants, termites and other insects, for captive animals has not been
feasible, and therefore, numerous artiﬁcial diets have been formulated to meet the nutrient requirements of captive pangolins, with varying success (Cabana et al., 2017). For instance, Cabana et al. (2017) observed two categories of captive diets
used by institutions keeping Asian pangolins; those mostly or completely composed of insects and those high in commercial
feeds or animal meat. However, it is difﬁcult to get pangolins on to a captive diet due to numerous attributes of captive diets
such as odour, ﬂavour, pellet sizes as well as lack of active interactions when feeding on “non-living” feeds (Yang et al., 2007;
Mohapatra and Panda, 2014; Lin et al., 2015). The nutritional role and the digestion facilitation from unintentional ingestions
such as grit, soil and woody parts are often neglected in the formulation of captive diets for pangolins (Yang et al., 2007). As
such, sound knowledge on the dietary composition and feeding ecology of the Indian pangolin is highly important for the
successful formulation of diets for animals raised under captive conditions. On the other hand, a better understanding on
foraging habitats of the Indian pangolin is critical in conservation of the spices. Hence, we studied the dietary composition of
Manis crassicaudata occurring in the lowland rainforests and associated habitats in the southwest of Sri Lanka through an
examination of faecal matter. The study also investigated the foraging habitat preference of Indian pangolin in the studied
landscape.
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2. Material and methods
2.1. Study area
The study was conducted in the Yagirala Forest Reserve, a fragmented, tropical, lowland, wet, evergreen rainforest and the
adjacent cinnamon (Cinnamomum verum), rubber (Hevea brasiliensis), oil palm (Elaeis guineensis) and tea (Camellia sinensis)dominated home gardens/plantations in Walallawita Divisional Secretariat, Kalutara District of the Western Province of Sri
Lanka (Fig. 1). The study area was 2800 ha (located between 6200 to 6280 N and 80040 to 80150 E), and the elevation ranged from
10 m to 260 m above sea level. The annual rainfall exceeds 4000 mm, and the average annual temperature ranges between
26.0 and 28.5  C (Perera et al., 2017b). The forest edges had been converted to rubber and cinnamon cultivations during the
colonial era, whereas some of the cultivations were later replaced by oil palm and tea cultivations. The Yagirala Forest Reserve

Fig. 1. The study site A: Geographic range of M. crassicaudata (extant range indicated in Green) B: The fragmented tropical lowland rainforests (indicated in
green) scattered throughout south-west Sri Lanka. C: Distribution of the ﬁve habitat types sampled in the Yagirala Forest Reserve (FH-Forested Habitat; RPRubber Plantations; OP-Oil palm Plantations, CC- Cinnamon Cultivations TP-Tea-dominated home gardens/Plantations) Map Source: landsatlook.usgs.gov. (For
interpretation of the references to colour in this ﬁgure legend, the reader is referred to the Web version of this article.)
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and the adjacent human-modiﬁed croplands have been favourable habitats for Indian pangolins over the years (Pabasara
et al., 2015; Karawita et al., 2016, 2018). Therefore, Yagirala forest and the adjacent agricultural habitats were selected for
this study (Table 1), considering the presence of the species, logistics, ease of sampling, and existing high potential for
conservation of the Endangered Indian pangolin.
2.2. Identiﬁcation of pangolin habitats
Using direct ﬁeld observation methods to detect pangolins is cumbersome and time consuming because of the nocturnal
and elusive behaviours of the species. As such, indirect evidence is often used to identify the presence of pangolins (Mahmood
et al., 2014; Perera et al., 2017a). Accurate identiﬁcation of the signs of pangolin activities in the ﬁeld is problematic; hence, we
relied on a mixed method to correctly identify indirect evidence. We utilized local knowledge and veriﬁable evidence to
identify the signs of pangolin activity, as employed in previous studies (Newton, 2007; Nash et al., 2016; Karawita et al., 2018).
Initially, we interviewed local hunters, labourers working in plantations and villagers living adjacent to the forest to identify
the areas of occurrence of Indian pangolins and acquired local knowledge on distinguishing signs of pangolin activity from
those of other animals sharing the same habitats. In the studied habitats, no other mammals, such as the sloth bear (Melursus
ursinus), that feed on termitaria or termite-infested logs, were present. Pangolin scratch marks are often characterized by
three to four deep claw marks and can be clearly distinguished from those of other species such as the land monitor (Varanus
bengalensis) by the size and depth of the claw marks. Hence, the chances of misidentifying pangolin foraging signs with other
animals were low in the study area as there were no other animals that speciﬁcally damage termite or ant nests in search of
prey. The veriﬁcation of signs of pangolin presence was done using camera traps and the methods described in (Newton,
2007; Nash et al., 2016; Karawita et al., 2018). Those cases where the authors were not fully conﬁdent that the signs
observed in the ﬁeld were made by pangolins (such as signs that have become unclear due to overnight rain) were excluded.
The studied habitats were surveyed by foot when searching for signs and evidence for the presence of pangolins and their
habitat utilization. Thus, the ﬁeld signs used for determining the presence of pangolins and their habitat utilization included
the presence of living burrows, feeding burrows, footprints and scratch marks on termitaria and decaying logs, faecal samples,
and damage to red weaver ant colonies. Table 2 summarises the key features used to distinguish a fresh foraging event on
different foraging sources.
2.3. Assessment of habitat preference for foraging
After the identiﬁcation of the range of pangolin ﬁeld signs, the frequency of foraging events in each habitat was examined.
For the purpose of this study, a foraging event was deﬁned as a single incident of feeding or attempted feeding by an Indian
pangolin on a particular source of prey at a speciﬁc location i.e. foraging on termitarium, termite infested log, arboreal ant nest
or terrestrial ant nest. Ten transects were randomly laid in each habitat, and ﬁve 10 m  10 m plots with a gap of 20 m (Fig. 2)
were sampled once a month along each transect for a period of 16 months from September 2017 to December 2018.

Table 1
Description of the different habitats investigated in the study.
Habitat type

Description

Forest Habitats (FH)

Naturally regenerated forest after selective logging operations ceased in 1979. The forest has a canopy cover of 75
e85% with stratiﬁcation of vegetation. Canopy height is 25e40 m, dominated by Dipterocarpus zeylanicus, Mesua
ferrea, Pericopsis mooniana, Artocarpus heterophyllus, and Artocarpus nobilis. Sub-canopy (15e25 m), is dominated
by Chaetocarpus castanocarpus, Garcinia hermonii, Xylopia championi, Horsﬁeldia iriyaghedhi, and Myristica
dactyloides. Understory varies from 5 to 10 m with a sparse shrub layer. Secondary forest accounted for
approximately 130 ha of the study area. Areas that were heavily logged or cleared for agriculture before the 1970s
and restored with exotic Pinus carribea during the 1970’s. These restored areas have been left without any
management and thus are in the process of being replaced by native tree species. Approximate size of the habitat
considered for sampling is 150 ha.
Managed Hevea brasiliensis (Rubber) monocultivation stands bordering the forest. Trees up to 20m height, and
sparse shrub layer composed of weeds and grasses. Approximate size of the habitat considered for sampling is 40ha
Human-modiﬁed habitats immediately bordering the forest (forest-home garden interface) with tea (Camellia
sinensis) as the dominant cultivation. Gliricidia sepium trees are maintained at 3e5 m height as shade trees for the
tea crop. Multi-purpose and fruit trees in these well-wooded home gardens (Murraya koenigii, Carica papaya,
Mangifera indica, Artocarpus heterophyllus, Cocos nucifera) vary from 2 to 15 m in height. Approximate size of the
habitat considered for sampling is 30ha
Oil palm (Elaeis guineensis) cultivated after uprooting of rubber. Trunks of the Oil palm trees are covered with ferns
and the canopy cover is in moderate level (about 60%). The ground area is covered with the grasses and small shrubs
which are periodically removed in the weeding process. Approximate size of the habitat considered for sampling is
40ha
Human modiﬁed lands cultivated with cinnamon (Cinamomum zylanicum) and the height of the cinnamon plants
may range from 1.5 to 2.5m. The ground is covered with thin weed layer. Patchily distributed rock outcrops covered
with vegetation can be found within these cultivations. Approximate size of the habitat considered for sampling is
35ha

Rubber Plantations (RP)
Tea dominated home gardens/
plantations (TP)

Oil palm Plantations (OP)

Cinnamon Cultivations (CC)

Adapted and modiﬁed from Perera et al. (2017b).
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Table 2
Key features used to distinguish a fresh foraging event of Indian pangolins on different foraging sources.
Foraging source

Features used to distinguish a new foraging event

Termitarium

Termitarium is a mound-like structure constructed by termites, which generally protrude out of the ground. In a newly foraged
termitarium by a pangolin, it is possible to observe exposed or damaged termite nests. Inner moist soils of the termitarium are further
exposed.
An older foraging event on a termitarium is often characterized by dry and comparatively darker exposed soils and signiﬁcant
reconstructions of the mound.
Termite-infested In termite-infested logs, the nests are found within the decaying wood. The Indian pangolin ripped the wood with its claws to open
logs
up the termite nests. On a freshly foraged termite-infested log, it is possible to observe termite nests with live termites, and freshly
exposed wood and wood pieces.
An older foraging event on a termite-infested log is often characterized by dryer, older and discoloured exposed wood and recovered
or abandoned nests.
Terrestrial ant
A newly foraged terrestrial ant nest typically contains a group of smaller burrows (depth of 4e6 cm and diameter of 8e10 cm) on the
nest
ground in closer proximity with freshly exposed soils.
Arboreal ant nests A freshly foraged arboreal ant nest is characterized by detached leaves from the nest and scratch marks on the soft stem parts of the
trees.

Fig. 2. Layout of sampling plots along transect to assess the foraging preference.

The number of termitaria, termite-infested logs, arboreal ant nests and ground-dwelling ant nests foraged by the pangolins were recorded when assessing the foraging preference. Based on the recorded number of foraging events in each
habitat, a foraging habitat preference index was calculated using the following equation.

Foraging Preference IndexðFPIÞ ¼

Number of foraging events in a habitat
Total foraging events in all habitats sampled

No minimum number of foraging events was considered for inclusion in the FPI. The foraging preference index values were
used to compare the foraging habitat preference of pangolins. In addition, a one-way ANOVA with Tukey’s post hoc test was
used to test whether statistically signiﬁcant differences existed among the foraging events in the studied habitat; this analysis
was conducted with the PASW Statistics 18 software package.
2.4. Sampling faecal matter of Indian pangolin
All ﬁve selected habitats were repeatedly sampled along the established transects for a period of 16 months (each transect
was sampled once a month from September 2017 to December 2018) for the presence of faecal droppings of pangolins. The
initial identiﬁcation of the faecal samples was made using a ﬁeld microscope. After veriﬁcation, faecal samples were preserved in 70% alcohol for laboratory analysis. Reference faecal samples were also collected from different foraging sites, as
well as from a captive Indian pangolin at the Pinnawala Zoological Gardens of the Department of National Zoological Gardens
in Sri Lanka. All reference faecal samples were preserved separately in 70% alcohol (Jordan, 2005). Ant and termite specimens
were collected for reference from feeding sources potentially preyed upon by Indian pangolins.
A difﬁculty faced during the preliminary ﬁeld observations was the accurate identiﬁcation of faecal matter of pangolins
and distinguishing that from the faecal matter of other animals that occur in the same habitat, such as rodents and shrews,
particularly those that feed on insects. The size, shape and colour of the faecal matter were used as key features in distinguishing pangolin faeces. The faecal samples of the rodents are well compacted, spindle shaped, comparatively small in
size and blackish in colour, whereas the faecal samples of the Indian pangolins are oval shaped, comparatively large in size,
and brittle, with parts of the exoskeletons of the ants and termites abundantly visible in the faecal samples (Chame, 2003).
Usually, pangolin faeces consists of one or two droppings, whereas rodents and shrews generally defecate at one site, leaving
groups of droppings that form a latrine site (Dickman and Huang, 1988). Faecal samples those were highly disintegrated and
difﬁcult to identify in the ﬁeld were ignored.
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2.5. Analysis of faecal matter composition
In the laboratory, each faecal sample was added to a ﬂask containing 100 ml of 70% alcohol and shaken for 10 min in a
rotary shaker (Remi-RS24BL) at 60 rpm to separate the constituents of the faecal matter. Then, the separated matter was
transferred to Petri dishes and separated into plant matter and insect matter using a stereo microscope (Olympus szx10). The
grit remaining at the bottom of the Petri dishes was also collected by ﬁltering. After a detailed analysis and microscopic
observations of the insect matter, all three types of constituents (insect matter, plant matter, and grit) were oven dried at 60  C
for 36 h (Harris, 1970; Jordan, 2005). The dry weight of each constituent was measured using an analytical balance (ME104TE/
00), and the percentage dry weights were calculated (Carss and Elston, 1996).
The separated insect constituent was further examined for comparison with reference samples of termites and ants
collected from different foraging sites of pangolins such as termitaria, termite infested logs, arboreal ant nests and terrestrial
ant nests (Mahmood et al., 2013). The taxonomic keys available for insect and other invertebrate identiﬁcation in Sri Lanka
and South India (Heath, 1995; Kalleshwaraswamy et al., 2013; Dias, 2014) were used for the identiﬁcation of insect residuals
up to family, genus or species level, where possible. The frequency of ant and termite body parts in the faecal samples was
determined by counting body parts such as the heads, thoraxes, abdomens, legs, and mouthparts present in each faecal
sample. Double counting of the body parts was avoided by removing counted body parts from the Petri dish. The frequency of
the different body parts of the ants and termites found in the faecal samples were statistically compared.
2.6. Field observations of foraging site utilization by the Indian pangolin
Infrared cameras (Browning dark OPS Extreme BTC-6HD) were placed approximately 2 ½ feet above ground level, attached
to a tree at suspected foraging sites of the Indian pangolin, to conﬁrm foraging site utilization. Because of the limited
availability of camera traps, eight camera traps were placed to cover each habitat type for a period of 10 weeks. The
photographic records were collected every 10 days to conﬁrm the foraging activity of the animal (Perera et al., 2017a;
Karawita et al., 2018).
3. Results
3.1. Foraging habitat preference of Indian pangolins
Field observations identiﬁed four major foraging sources, i.e., termitaria, termite-infested logs, arboreal ant nests and
terrestrial ant nests. The highest density of termitaria was recorded from the rubber plantations (1.9 ha-1), followed by forest
habitat (1.1 ha-1), whereas termite-infested decaying logs were more abundant in the forested habitats (Table 2). Based on the
total number of foraging events/evidence observed in each habitat type, the FPI values were calculated for the ﬁve habitat
types. The highest FPI value was recorded for the forest habitat, followed by rubber plantations, cinnamon cultivations, oil
palm plantations and tea-dominated home gardens/plantations (Table 3).
A one-way ANOVA test with Tukey’s post hoc comparisons was used to assess whether the frequency of utilizing each
habitat type for foraging by the Indian pangolin differed statistically. The results show a statistically signiﬁcant difference in
the frequency of foraging activities of Indian pangolin in the studied habitats (F ¼ 8.723, p ¼ 0.001). Tukey’s pair-wise
Table 3
Foraging habitat preference of Indian pangolins.
Habitat type

Foraging source

Frequency

Density(ha1)

Feeding events

FPI

Forest habitat (FH)

Termitaria
Termite infested logs
Ground-living ant nests
Arboreal ant nests
Termitaria
Termite infested logs
Ground-living ant nests
Arboreal ant nests
Termitaria
Termite infested logs
Ground-living ant nests
Arboreal ant nests
Termitaria
Termite infested logs
Ground-living ant nests
Arboreal ant nest
Termitaria
Termite infested logs
Ground-living ant nests
Arboreal ant nest

9
21
3
9
15
5
3
5
9
0
4
0
3
3
0
8
4
2
1
4

1.1
2.6
0.4
1.1
1.9
0.6
0.4
0.6
1.1
0.0
0.5
0.0
0.4
0.4
0.0
1.0
0.5
0.3
0.1
0.5

13
33
3
9
19
9
4
5
13
0
4
0
5
6
0
8
6
4
1
4

0.40

Rubber Plantations (RP)

Oil Palm Plantations (OP)

Cinnamon Cultivations (CC)

Tea-dominated home gardens/plantations (TP)

0.25

0.12

0.13

0.10
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comparisons further revealed that, although the foraging events in the forest habitat did not signiﬁcantly differ from the
rubber plantation (p ¼ 0.115), foraging events in the forest habitat differed signiﬁcantly from the other habitats investigated
(Table 4).

3.2. Composition of the faecal matter
A total of 32 faecal samples collected during the ﬁeld surveys. Out of these, 20 were collected from the forest habitat, and
12 samples were collected from rubber cultivations. No faecal samples were retrieved from the oil palm plantations, cinnamon cultivations, and tea-dominated home gardens/areas of cultivation. Faecal droppings were frequently (n ¼ 26) found
close to living burrows of pangolins, whereas some samples (n ¼ 6) were observed on open rock outcrops in an animal’s
identiﬁed home range. All faecal samples were found on the surface of a defecating substrate (ground or rock surfaces). Faecal
samples were found as single pellet or rarely as doubles (Fig. 3). The mean length and diameter of the faecal samples were
3.2 cm ± 0.4 and 1.7 cm ± 0.2 (n ¼ 32) respectively.
Mean percentages of the faecal matter constituents are given in Table 4. The one-way ANOVA test indicated a statistically
signiﬁcant difference among the percentages of the constituents of the faecal matter (F ¼ 538.02, p ¼ 0.001). Tukey’s pair-wise
comparisons further indicated signiﬁcant differences (p < 0.05) among all three constituents at the a ¼ 0.05 level. Grit was the
most abundant constituent in the faecal matter (Table 5). This can be attributed to the ingestion of grit during foraging and the
indigestive nature of the grit that makes it ever-present in the faecal matter.

3.3. Composition of the insect matter in faecal samples
The insect matter isolated from faecal samples was further subjected to microscopic observations. Insect residues found in
the faecal samples mainly consisted of body parts of the termites and ants (Fig. 4). The body parts of other insects were few in
the faecal samples analysed. Hence, the proportions of the different body parts of termites and ants were quantiﬁed and
compared to understand the dietary composition of Indian pangolins utilizing the studied habitats.
The independent sample t-test results suggest that the digestibility of the head, mouthparts, abdomen, and legs of the ants
was signiﬁcantly lower than that of the termites, whereas undigested termite wings were frequently observed in the faecal
matter compared to the wings of ants, indicating the difﬁculty of digesting the termite wings (Table 6). In general, most of the
body parts of the termites are digestible compared to the body parts of ants.
One-way ANOVA tests further indicated a signiﬁcant difference in the frequenct of undigested termite parts (F ¼ 40.17,
p ¼ 0.000) and undigested ant body parts F ¼ 39.82, p ¼ 0.000) in the faecal matter. Tukey’s post hoc comparisons further
revealed that the wings and mouthparts of termites are highly indigestible compared to other body parts (p < 0.05). When the
number of undigested body parts of ants in faecal matter is considered, the number of heads of the ants was signiﬁcantly
greater (p < 0.05) than the number of other undigested body parts. Eggs of termites and ants were not observed as a major
constituent in the faecal samples analysed.

3.4. Prey organisms detected in the faecal samples
Monomorium sp., Camponotus sp., Anoplolepis sp. and Oecophylla sp. were the ant genera recorded from the faecal droppings of pangolins, identiﬁed after comparisons with reference specimens (Fig. 5). Termites in the genera Odontotermes were
observed from the faecal samples, and identiﬁcation to the species level was difﬁcult due to the absence of complete bodies of
the termites in the faecal samples. However, Odontotermes horni was identiﬁed from the reference faecal samples collected
from decaying logs, whereas Odontotermes redemanni was identiﬁed from the reference samples collected from the termitaria
accessed by the Indian pangolin.
In addition to parts from the above major species, the parts of legs, wings and thoraxes of beetles were present in four
faecal samples analysed. An exoskeleton of a juvenile scorpion and juvenile lacewing were also found from two other faecal
samples. The bodies of the juvenile scorpion and lacewing were found completely undigested in the faecal samples (Fig. 6).

Table 4
Comparison of foraging events of Indian pangolin in the studied habitats.
Habitat

Mean frequency of foraging events

F

p

Forest habitat
Rubber Plantations
Oil Palm Plantations
Cinnamon Cultivations
Tea-dominated home gardens/plantations

1.45a
0.93ab
0.43b
0.48b
0.40b

8.723

0.001*

*Statistical signiﬁcance at a ¼ 0.05 ‘Item with “a” is signiﬁcantly different from item with “b” according to the Tukey’s pair wise comparison. However, item
with “ab” is not signiﬁcantly different from item with either “a” or “b”.
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Fig. 3. Faecal sample of an Indian pangolin.

Table 5
Composition of faecal matter constituents.
Constituent

No. of samples

Mean (% by weight)

St. Deviation

Insect matter
Plant matter
Grit

32
32
32

37.06
9.75
53.20

4.91
5.19
5.69

Fig. 4. Body parts of the termites and ants observed in faecal samples: (A) Wing of a termite; (B) Head of an ant; (C) Mandible of an ant; (D) Abdomen of an ant;
(E) Wing of an ant; and (F) Plant matter.

3.5. Field observations on the utilization of foraging habitats
The camera traps captured 15 foraging events; 9 photographs in forest habitat, 4 photographs in rubber plantations and 2
photographs in cinnamon cultivations (Fig. 7). Among these records, 9 foraging events were recorded between 2000 h and
2200 h. Field observations further revealed that Indian pangolins prefer to extract termites from termitaria composed of wet
soil (n ¼ 13) than from those that have hardened under dry conditions. The same termitarium had been utilized by pangolins
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Table 6
Comparison of the undigested insect parts found in faecal samples.
Body part

Head
Mouth parts
Thorax
Abdomen
Wing
Legs
a

Mean number of body parts per faecal sample

p

Termites (mean ± SD)

Ants (mean ± SD)

0.25 ± 0.62
3.03 ± 2.25
0.13 ± 0.34
0.16 ± 0.45
10.31 ± 8.41
0.66 ± 0.90

13.28 ± 8.75
5.25 ± 4.11
0.16 ± 0.57
4.25 ± 3.15
0.44 ± 0.76
3.09 ± 2.58

0.001a
0.016a
0.801
0.001a
0.001a
0.001a

Statistical signiﬁcance at a ¼ 0.05.

Fig. 5. Major prey genera collected from feeding sources of the Indian pangolin (A) Monomorium sp. (B) Camponotus sp. (C) Anoplolepis sp. (D) Oecophylla sp. (E)
Odontotermes sp.

Fig. 6. Other prey organisms and insect components observed in faecal samples (A) Head of a beetle (B) Thorax region of a beetle C) Forewings of beetles (D) Hind
wing of a beetle (E) Leg of a beetle (F) Insect pupa (G) Juvenile lacewing (H) Juvenile scorpion.

repeatedly. In repeated foraging events, the Indian pangolin tends to dig new access tunnels to reach the termite colony,
rather than using an existing feeding burrow.
Leaf nests of Oecophylla sp. were more frequently observed (n ¼ 48) in Symplocos cochinchinensis trees; a common tree
species in rubber cultivations in the study area. In addition, Oecophylla sp. nests were also found in Dillenia suffruticosa,
(n ¼ 9); an invasive tree species that is abundant on the edges of rubber cultivations at studied sites. Observations also
revealed that only the arboreal ant nests of Oecophylla sp. were preyed upon by the Indian pangolin.

10

H. Karawita et al. / Global Ecology and Conservation 21 (2020) e00880

Fig. 7. Photographic records of the foraging activities of Indian pangolin. Photograph A recorded on 11th May 2018 from the forest habitat. Photograph B recorded
on 25th August 2018 from a rubber plantation.

4. Discussion
This study investigated the foraging habitat preference and dietary composition of the Indian pangolin inhabiting a
fragmented, tropical, lowland, wet, evergreen forest-associated landscape in the southwest of Sri Lanka. Since pangolins are
recorded from agricultural lands and home gardens adjoining the Yagirala forest, prominent habitats such as rubber plantations, oil palm plantations, cinnamon cultivations, and tea-dominated home gardens/plantations were considered in this
study. Foraging habitat preference was predominantly assessed using indirect signs and observations of pangolin activity
(Willcox et al., 2019), whereas the composition of their diet was assessed using faecal content analysis (Mahmood et al., 2013).
According to the FPI used in this study, forest habitat was found to be the most important and preferred foraging habitat of
the Indian pangolin, followed by rubber plantations, cinnamon cultivations, oil palm plantations, and tea-dominated home
gardens/plantations. Similar observations have been made by Khan (1985) in the forested hilly areas of Bangladesh, where the
greatest foraging activities recorded for pangolins were in forest habitats. Forested habitats facilitate greater termite activity
because of the abundance of organic matter in the soil, which is favoured by termites (Fall et al., 2001). However, land use in
the southwest lowlands of Sri Lanka is rapidly changing, and the natural forest habitats of Indian pangolins are under pressure
of encroachment and being converted into agricultural lands and human settlements (Perera et al., 2017a). Furthermore,
because of the highly ﬂuctuating market demand for natural rubber, and the economics of management, areas of rubber
cultivation are increasingly becoming replaced by oil palm in the southwest lowlands of Sri Lanka (Ashton et al., 2001). This
may negatively affect local populations of Indian pangolins, as oil palm plantations seem to be less attractive as foraging
grounds compared with the rubber plantations.
According to our ﬁndings, foraging events on termite-infested logs were highest in forested habitat. As such, Indian
pangolin may be playing an important role in rainforest ecosystems in controlling the termite populations, as reported by
Mahmood et al. (2013). Additionally, knowledge of such food source preferences of Indian pangolins are useful when rearing
the animals in captivity. For instance, Mohapatra and Panda (2014) used semi-rotten termite-infested logs to enhance the
food exploration of captive Indian pangolins. Interestingly, the highest density of termitaria was recorded from the rubber
cultivations, and this could be attributed to the accumulation of leaf litter on the ground, particularly during the leaf shedding
period from January to March (Gillison et al., 2003). The fewest foraging opportunities for Indian pangolin were recorded from
tea-dominated home gardens/cultivated areas, possibly owing to the comparatively higher degree of anthropogenic activities
in such habitats (Karawita et al., 2018). Tea stands are often well-maintained by periodic weeding and use of agrochemicals,
which discourage ant and termite activity in these habitats (Hazarika et al., 2009).
Faecal droppings were frequently found close to the living burrows and open rock outcrops. All faecal droppings were
found on the substrate surface, and no faecal droppings were found in holes created on the ground; nor were any signs
observed of faecal matter being covered by soil or debris by the Indian pangolin. Some other pangolin species, such as the
Sunda pangolins (Manis javanica), are known to defecate in small self-constructed holes (Mohapatra and Panda, 2014).
In this study, faecal content analysis of the Indian pangolin revealed that grit accounts for the largest share (53% by dry
weight) in faecal matter. Insect and plant matter accounted for 37% and 9.8% by dry weight, respectively. Grit has been
identiﬁed as an important constituent of the pangolin diet as it helps mechanical digestion while supplementing essential
mineral nutrients (Irshad et al., 2015). Similar observations have been made by Mahmood et al. (2015) in the faecal content
analysis of Indian pangolins occurring in the arid habitats of Potohar Plateau of Pakistan, where stones (0.1%), sand (22.8%)
and clay (47.7%) collectively account for more than 70% by volume of the faecal samples analysed. However, according to the
study by Mahmood et al. (2015), the plant matter constituted only 0.33% by volume, whereas in our study, the plant matter
content was substantially higher (9.8% by dry weight). This may be due to the habitat conditions where the two studies have
been carried out, and the variety of foraging options available, especially in the tropical rainforest-associated habitats. In both
studies, the insect matter accounted for the second largest share in the faecal matter of the pangolins.
Understanding the dietary composition has wider implications in husbandry and in the development of captive diets for
pangolins. Constituents of the diet can be identiﬁed by analysing the composition of the faecal droppings, and the information
can be used to postulate the nutrient requirement of the species (Mohapatra and Panda,2014). The micronutrient
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requirements of pangolins is often neglected in developing captive diets, which can have negative effects on the long-term
survival of captive individuals. Therefore, the Indian pangolins should be intermittently fed on their natural diets to fulﬁl the
micronutrient requirements (Cabana et al., 2017). The results of this study reveal that the faecal matter of Indian pangolins
contains 9.8% plant matter by weight, which may be considered as unintentional ingestion with the main prey items.
However, this plant material found in the food may be an important source of ﬁbre (Van Soest, 1994). The plant matter also
reduces the damage on the walls of the stomach from the gastric juices by increasing the bulk to be digested (Pietersen et al.,
2016). Therefore, plant matter may be included in captive diets of Indian pangolin (Cabana et al., 2017). In some captive
studies, the plant matter has been supplemented by adding decayed wood, coconut husks and soybean to the captive feed
(Yang et al., 2007; Lin et al., 2015; Menzies, 1963).
Detailed analysis of the insect constituent of the faecal matter revealed that the digestibility of the head, mouthparts,
abdomen, wings, and legs of the ants are different from those of termites. The digestibility of the thoraxes of the ants and
termites are similar. The wings of the termites are resistant to digestion compared to the wings of the ants. However, no clearcut conclusions can be drawn without a knowledge of the actual proportions of ants and termites consumed by pangolins.
Nonetheless, undigested insect parts remaining in the faecal matter can provide valuable clues on the digestibility. The nondigestibility of the wings of termites may be due to the lotus effect, where the hydrophobic surface of the wings does not
allow the digestive enzymes to carry out hydrolysis reactions (Phelps et al., 1975). The non-digestibility of the mouthparts
may be due to the extra hardening of chitin (Stannard and Old, 2012). Even though the present research identiﬁed the
proportions of nondigested food types, the consumption ratios of the different prey may vary, depending on the seasonality
and availability of prey organisms (Redford, 1987).
This study identiﬁed Oecophylla, Anoplolepis, Camponotus and Monomorium as the major ant Genera that constituted the
diet of Indian pangolin in the studied habitats. Irshad et al. (2015) identiﬁed two species of black ants, i.e., C. confucii and
C.compressus, as the major prey species of Indian pangolins on the Potohar Plateau of Pakistan. This indicates the propensity of
Indian pangolin to prey on a variety of ant species. Oecophylla smaragdia adults and eggs have been successfully used as a main
captive diet of Indian pangolins (Mohapatra and Panda, 2013).
Our observations further identiﬁed Odontotermis sp. as the major termite genus consumed by Indian pangolins in the
studied habits. However, identiﬁcation of termites up to the species level was impossible due to the insect parts being
partially digested. Mahmood et al. (2015) also reported a termite species belonging to the same genusdOdontotermis obesusdin faecal matter collected from the Potohar region of Pakistan. Indian pangolins feed predominantly on ants and termites, whereas an array of other insect prey organisms constitute its typical diet (Roberts, 1997; Yang et al., 2007). Our
ﬁndings conﬁrm these observations, as we recorded the body parts of beetles and exoskeletons of a juvenile scorpion and a
juvenile lacewing in the faecal samples.
In this study, sampling was done in a 150-ha area of the Yagirala forest, which is a signiﬁcant proportion of the entire forest
and represented the major vegetation types in the forest. The study also focused on four major human-modiﬁed habitat types
adjoining the Yagirala forest, which were unequal in their extents. To allow statistical comparisons, we exerted similar
sampling efforts in all habitats. The placement of transects in each habitat was dependent on the accessibility and sampling
cost (Sutherland, 2006; Cochran, 1977). Sampling designs based on convenience can have unknown biases (Albert et al.,
2010). Nevertheless, replicating the study in similar tropical lowland forest-associated landscapes in the south-west would
yield ﬁndings that are more generalizable.

5. Conclusion
Our results suggest that the foraging events were more frequent in forested habitats, followed by rubber plantations,
cinnamon cultivations, oil palm plantations, and tea-dominated home gardens/areas of cultivation. According to the Foraging
Preference Index employed in this study, rubber plantations were the most important foraging habitats with an anthropogenic origin. The analysis of faecal matter of Indian pangolins showed that grit was the most abundant undigested constituent
of the faecal samples. Undigested plant matter also constituted a considerable proportion of faecal matter. Evidences of Indian
pangolin feeding termitaria and termite-infested logs were more frequent. Since the studied landscape is a tropical lowland
wet evergreen forest associated landscape, termites as a food source maybe more abundant in such habitats. The digestibility
of the termites seems to be much higher compared to that of ants and other insects consumed by Indian pangolins. This
difference in digestibility is evident from the presence of signiﬁcantly more heads, mouthparts, abdomens, and legs of ants in
the faecal matter compared to that of termites. However, undigested termite wings were more frequent in faecal matter
compared to the presences of ant wings. In the studied landscape, termites of the genus Odontotermes and ants of genera
Oecophylla, Anoplolepis, Camponotus and Monomorium were the main prey species of the Indian pangolin. Out of the ant
genera, Oecophylla sp. was the only arboreal species of ant that constructs leaf nests, whereas the others were ground
dwelling.
The ﬁndings of this study have important implications for the captive rearing and husbandry of Indian pangolins. The
information revealed on the dietary composition of Indian pangolins will be useful in the formulation of captive diets. The
study further highlights the importance of human-modiﬁed habitats for the survival of Indian pangolins in changing landscapes. Such habitats should be included in long-term conservation planning of Indian pangolins.
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