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a b s t r a c t

Species co-exist in their individual niches by partitioning resources. The main prey of the big predators e
wild boar, chital, and sambar are sympatric in tropical south-Asia. In order to obtain a better under-
standing of their habitat use and habitat niche relationships, we used an indirect sign (faecal pellets and
rooting by wild boar) survey along line transects in Bardia National Park. Ground cover, in particular grass
cover for wild boar and chital, and shrub cover for chital and sambar positively affected the occurrence of
ungulate signs. We found a niche differentiation between wild boar, which preferred hill sal forest and
grassland, and chital and sambar, which avoided hill sal forest and grassland. Habitat niche overlap
between chital and sambar in open habitat was clearly evident during the dry season. It is suggested that
the fine grained habitat mosaics in space are the underlying causes of the coexistence of the ungulates
studied. Therefore, focus on maintaining the habitat mosaic throughout the regions of the species’ dis-
tribution may prove successful for effective conservation management.

© 2015 Elsevier Masson SAS. All rights reserved.

1. Introduction

According to current ecological concepts, each species has its
own niche within an ecosystem (Holt, 2009a; Hutchinson, 1957;
Sober�on, 2007), which can be explained in terms of environ-
mental (Hutchinson, 1957) and geographical space (Holt, 2009a;
Sober�on, 2007). An ecological niche is thus a combination of the
biotic and abiotic resources affecting individual fitness. The
fundamental niche, where the fitness is higher in the absence of
biotic interactions, is wider than the realized niche which remains
after accounting for competition and predation (Hutchinson, 1957).
Niche overlap may be high for morphologically similar and phylo-
genetically close sympatric species, which may result in competi-
tive interactions among these species when resources are limited
(Schoener, 1974). However, under certain circumstances, coexis-
tence may also be facilitated by factors such as fine-grained spatial
heterogeneity of habitat types (Chesson, 2000; MacArthur and
Levins, 1967), predators preventing competitive exclusion of prey
species (Holt, 2009b; Mills and Doak, 1993; Paine, 1966), and/or
abundant resources (Pokharel et al., 2015; Schoener, 1974). Habitat
loss and fragmentation are major threats to the survival of

mammals world-wide (Dirzo and Raven, 2003), including southern
Asia (Clark et al., 2013; Jnawali et al., 2011). While knowledge on
habitat requirements of sympatric animal species is essential for
the conservation of animal communities, e.g., in protected areas
(Whittaker and Araújo, 2005), research reports from southern Asia
on the ecology of sympatric herbivore communities are rare
(Ahrestani et al., 2012). Furthermore, the few studies carried out in
southern Asia have mostly focused on predators, particularly tigers,
Panthera tigris, and the abundance of their prey (e.g. Karanth and
Sunquist, 1995; Karanth and Sunquist, 2000; Wegge and Storaas,
2009; Wikramanayake, 2011); only a few have addressed the
species-habitat relationships of the assemblage of sympatric un-
gulate species (e.g., Bagchi et al., 2003; Bhattarai and Kindlmann,
2011). In view of this knowledge deficit, we investigated the
habitat requirements of ungulates which are the prime prey species
of large carnivores in the lowlands of Nepal to assist conservation of
ungulates, and hence also conservation of the large carnivores.

Wild boar Sus scrofa and the red-listed sambar Rusa unicolor
(IUCN, 2014) are mostly solitary or form small groups whereas
chital Axis axis live in herds of more than 30 individuals (Dinerstein,
1980; Raman, 1997; Ramesh et al., 2012). Sambar and wild boar are
widely distributed (Timmins et al., 2008), whereas the chital is
confined to the relatively narrow elevation range of up to
1000 m asl in south-Asia (Duckworth et al., 2008; Timmins et al.,
2008). All three study herbivores are key prey species of tiger P.* Corresponding author.
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tigris, dhole Cuon alpinus and leopard P. pardus (Andheria et al.,
2007; Karanth and Sunquist, 1995). Further, they play a vital role
in seed dispersal (Prasad et al., 2006) and for spatial vegetation
patterns (Adler et al., 2001). Understanding the sympatric habitat
use of these large herbivores will thus greatly assist ecosystem
management at multiple trophic levels.

In this study, we used habitat modelling techniques to assess the
habitat variables that explain the occurrence of this group of
sympatric herbivores that coexist in the Terai of lowland Nepal.
Based on predictions made by niche theory, that ‘sympatric species
should differ in their ecological requirements by at least some
minimal amount to avoid competitive exclusion’ (Pianka, 1974); we
discuss the partitioning of the major habitat factors among these
ungulate species. We also discuss the habitat niche relationships of
ungulates taking into account potential effects of spatial hetero-
geneity of habitat types, of other ungulates, of predators, and of
abundant resources such as burnt areas which are attractive to
herbivores due to abundant high quality forage (Eby et al., 2014;
Moe and Wegge, 1994; Moe et al., 1990). In particular, we focus
on interspecific relationships between sambar and chital. We ex-
pected a relaxed niche partitioning in habitat use between these
two deer species, particularly in open habitats such as grasslands,
where they find ample of fresh forage after the fires during the dry
season. We intend that the outcomes of this study will help to
understand the habitat relationships of an assemblage of herbi-
vores and to inform conservationmanagement throughout the area
of their distribution.

2. Materials and methods

2.1. Study area

This study was conducted in the Babai valley, in south-eastern
part of Bardia National Park (28�230000N, 81�300000E), Nepal. The
park is located in the Terai, in the lowlands of Nepal near the Indian
border, 390 kmwest of Kathmandu (Fig 1). It is the largest national
park in the Terai, covering an area of 968 km2 (www.dnpwc.gov.np,
19 March 2014). The park has a subtropical monsoonal climate with
three distinct seasons: the monsoon (June to September), winter
(October to February) and dry (March to May) seasons. Monthly

mean temperature of the area ranges from a minimum of 10 �C in
January to a maximum of 45 �C in June. Most of the annual rainfall
(1560e2230 mm) occurs during the monsoon from June to
September (DoHM 2004e2009, unpublished). There are forest fires
throughout the lowland Nepal during dry season every year
(Kunwar and Khaling, 2006). The field survey was conducted dur-
ing the dry season when a cover of freshly sprouted grass occurred
in some areas in the park that had been burnt several days prior to
the field survey; elsewhere the ground cover was either partially
burnt or covered by abundant shrub layers.

The subtropical vegetation within the study area consists of a
mosaic of vegetation communities comprising riverine forest
alongside the Babai River and its tributaries, and large areas of
climax sal Shorea robusta forest. The sal forest dominating most of
the lower range of Siwalik Hills is hereafter referred as hill sal
forest, and the sal forest in the valley as Terai sal forest. Upper
canopy trees in hill sal forest do not reach the height of their
counterparts in the Terai sal forest or riverine forest (Dinerstein,
1979a). Patches of grasslands e phatas e were scattered
throughout the Terai sal forest. These phatas, which are dominated
by tall perennial grasses such as Saccharum spontaneum and
Imperata cylindrica, are actively managed by the park management
to support the chital population. On dry areas in Siwalik Hills
particularly on southern slopes, hill sal forest is replaced by dry
deciduous forest which is characterized by sparse stunted trees
with dense ground cover. The upper canopy of this forest type is
dominated by Anogeissus latifolia and Terminalia tomentosawhereas
understory layer is dominated by shrubs such as Phoenix humilis
and Asparagus racemosus, and grasses such as Eulaliopsis binata, I.
cylindrica and Saccharum sps.

2.2. Data collection

We used a presence-absence survey design based on the
occurrence of faecal pellets (Plumptre and Harris, 1995; Putman,
1984) and other indirect sign such as rooting by wild boar. Chital
pellets could be distinguished from sambar pellets by their shape
because chital pellets are tear-shaped and elongated (Dinerstein,
1980) with the bottom end rounded whereas sambar pellets are
barrel-shaped with the bottom end flattened or concave (Jhala
et al., 2013). Adult chital pellets are smaller and more slender in
comparison to the adult sambar pellets (Ahrestani et al., 2012;
Dinerstein, 1979b; Jhala et al., 2013). We considered only those
dung piles and animals signs which could be identified unambig-
uously. Thus, pellets which were deformed in shape or size were
not considered for data collection. In addition, since wild boar
overturn extensive areas of soil and ground vegetation (Studnitz
et al., 2007), pig rooting and digging was also used to identify
wild boar presence as well as faecal pellets. Porcupines, which are
also found in the study area, exhibit digging behaviour as well.
However, the risk of confusing signs of porcupine Hystrix indica
with wild boar was virtually nil because porcupine dig the base of
saplings for roots (Gutterman et al., 1990; Sharma and Prasad,
1992).

A 20-min survey of animal signs was conducted within circular
sampling plots with a 20 m radius. Plots were located at 200 m
intervals along a total of 187 km of line transects to record habitat
data (Table 1). Transects varied in length from 200 m to 4 km
depending on topography and site accessibility, and were oriented
north to south to include almost all available vegetation types in
four different areas within the Babai Valley, i.e. Shivapur, Guthi,
Ratamate and Kalinala (Fig 1). Of 955 sampling plots, we found 221
to be used by wild boar, 347 by chital and 549 by sambar. Data
collection took place during the dry season from March to May
2010. Slope was measured using a field compass, and all other

Fig. 1. Map showing the different areas of survey within the Babai valley, Bardia Na-
tional Park, Nepal.
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