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Abstract

The chital, Axis axis, constitutes one of Nepal's six deer species and maintains a closed
population within the forest of the Institute of Forestry, Hetauda Campus. Presently,
the chital population faces a range of challenges, prompting a comprehensive study
encompassing population status, habitat preference analysis, and threat assessment.
We utilized the pellet group count method on 74 systematic random sample plots
(4x4m) within a 100x100 m grid for population estimation. Pellet presence/absence
in predetermined habitat characteristics was analyzed to assess habitat preferences.
Concurrently, a relative threat ranking method from household interviews was
employed to evaluate existing threats. The study revealed a total chital population
estimate of approximately 141 individuals, with a population density of 190
individuals per km2. Their habitat preference showed an affinity towards areas
abundant in Sal and riverine forests, along with an inclination towards locations
further from roads within the forested areas. Primary threats to the chital population
encompassed attacks from feral dogs, illegal hunting, and habitat degradation mainly
due to invasive alien plant species. This study shows that with effective management
of the feral dogs, mitigation strategy to control illegal hunting with the help of local
authorities, and improving the habitat conditions concerning their preferences, the
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Threats

chital population has the potential to continue growing in the coming years.
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1 | Introduction

A chital is an even-hoofed ungulate with either two or four
hoofed toes on its front and back legs, with a reduction in
the number of toes on the first and fifth digits compared
to the five digits it originally possesses (Schaller 1998).
The Axis genus comprises four species of spotted deer,
with the Spotted deer or chital (Axis axis) being the most
prevalent and largest among them (Kurt 1990). Within the
Axis axis species, there are two recognised subspecies:
Axis axis axis, which inhabits Nepal, India, and Sri Lanka,
and Axis axis ceylonensis, found exclusively in Sri Lanka
(Ellerman & Morrison-Scott 1964; Duckworth etal. 2015).
It is classified as "Least Concern (LC)" by the IUCN,
primarily due to its extensive distribution and substantial
population sizes (Duckworth et al. 2015).

Chital has an extensive presence in the lowlands of Nepal
and can be encountered in several protected areas as well
as adjacent forests. Their habitats include scrublands,
forests, and grasslands adjacent to cultivated areas, and

the preferences vary depending on the seasonal changes
(Mishra 1982). During the hot and dry period, they tend
to inhabit riverine forests, while in the monsoon season,
they prefer Sal forests (Ranjitsinh 1991). They are
primarily found at elevations below 1000 m (Raman
2013). Although sightings of these deer above 1000
meters in their natural habitat are rare, they can
occasionally be spotted in smaller numbers in mid-hill
regions, warmer valleys, and wooded areas (Schaller
1967; Bhattarai et. al. 2012). Their diet predominantly
includes fruits, browse, and grasses, and they tend to
remain near water sources (Ranjitsinh 1991; Dinerstein
1982; Wegge et al. 2006). Despite consuming both grasses
and browse, they exhibit a preference for green vegetation
and cultivated crops such as mustard and wheat (Shaha &
Richard 2001).

The chital population in Nepal is facing significant threats
due to human encroachment, poaching, forest fires, forest
fragmentation (Chalise 2013) and invasive plant species
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Figure 1. Death of chital in the

(Adhikari et al. 2022). Similar challenges are observed in
the forest of the Institute of Forestry (IOF), Hetauda
Campus, where attacks from feral dogs (Fig. 1a), illegal
hunting, trap setting (Fig. 1b), and habitat degradation are
becoming increasingly prevalent. The forest of IOF has
historically supported closed populations of chital. Closed
populations necessitate a comprehensive understanding
of population size, habitat usage determinants, and
existing conservation efforts. This knowledge is
imperative for implementing effective management and
conservation strategies (Khulal et al. 2021) Furthermore,
the proper estimation of chital populations using methods
like pellet group count through a well-designed sampling
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strategy is still unknown. This study aimed to estimate the
population status of chital, their habitat preferences and
their conservation threats in the forests of I0OF so that
appropriate measures can be taken to ensure their
conservation in the forest of IOF.

2 | Materials and methods

2.1 | Study area
The study was conducted within the forest area of IOF,

Hetauda Campus (Fig. 1). Hetauda is a sub-metropolitan
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Figure 2. Map of the study area (Forests of IOF) showing the survey design
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Sampling Design

For Chital population estimation
by pellet group count method
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Figure 3. Sampling design for pellet group count method

city in the Makwanpur District of Bagmati Province in
central Nepal. It lies at 27°25' N latitude and 85°02' E
longitude and is situated at a level of 300-390m asl. The
Hetauda sub-metropolitan city covers 261 km? where
land covers 254 km?2. (97%) and water covers 7 km? (3%).
Boundary- East: Bakaiya Rural Municipality, West:
Manahari and Raksirang Rural Municipality, South: Parsa
District and Bara District, North: Makwanpur Garhi,
Bhimphedi and Kailash Rural Municipality. The city is
surrounded by three rivers—the Rapti to the west, the
Samari to the north, and the Karra to the south. IOF lies
southwest of Hetauda and has an area of approximately
96 hectares. It contains vegetation typical of tropical and
subtropical forests, providing a diverse habitat for a
variety of plant and animal species, with riverine forest,
mixed forest, grassland and seasonal wetland near a
perennial river (Pokharel 2017). This includes over 150
types of plants (Singh 2016), 98 butterfly species (Chhetri
2017), and 91 bird species (Pokharel 2017). Based on our
observation of direct and indirect signs, it also inhabits the
faunal species such as Spotted Deer Axis axis, Rhesus
Monkey Macaca mulatta, Indian Grey Mongoose Herpestes
edwardsii, Masked Palm Civet Paguma larvata, Wild Boar
Sus scrofa, five-striped palm squirrel Funambulus
pennantii etc. The study area has a boundary of national
highway in the east, Karra River in the south, human
settlement in the north, and gravel road to the west.

2.2 | Data collection

The field survey was carried out during the dry season in
early March 2023, a period when the signs of chital and
other ungulates are more readily visible (Dhami et al.
2023a). This time frame also offers the advantage of
thinner vegetation, streamlining the process of clearing
selected plots for the pellet survey (Dhami et al. 2023b, c).

Legend
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2.2.1 | Sampling design

The “fishnet” function of ArcGIS software 10.4.1 (ArcGIS E.
S. R. 1. 2020. Release 10.4. 1. Redlands, CA: ESRI.) was
employed to divide the entire study area into 96 grids
with a grid size of 1 hectare (Figure 4) to accommodate
fine-scale habitat types. Plot-to-plot distance of 100 m was
maintained with the motive of intensive sampling design.
We selected a total of 74 grids as our study area, carefully
excluding areas representing various amenities like
playgrounds, classrooms, cafeterias, and other facilities at
the Institute of Forestry, Hetauda Campus, using Google
Earth imagery. Thus, selected grids were assigned with a
plot size of 4x4 m? in the center point (Dhami et al.
2023b). The geographic coordinates of the points were
extracted and loaded in a GPS device for navigation to the
sampling locations.

2.2.2 | Pellet group count

The pellet group count method was employed to estimate
the population size. This method has been widely used in
previous studies to estimate the population size of
ungulate species (Bennett et al. 1940; Eberhardt & Van
Etten 1956; Krebs et al. 2001; Marques et al. 2001; Barnes
2002). This technique is relatively simple and cost-
effective, and there exists a strong correlation between
estimates derived from pellet-group counts and other
methods (White 1992; Barnes 2001). Unlike distance
sampling, pellet counts are suitable for a wide range of
open and densely forested environments, especially in
terms of detection probability (Franceschi et al. 2023). In
open environments such as national forests, deer may flee
at distances greater than observable, while in dense
forests and tall grasslands of parks and reserves, the
detection probability is extremely low. Here a more
precise pellet counting method, known as the "clearance
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Table 1. Scale of classification for scope, severity, and urgency of threats

Threat Scale Classification Definition
category
4 Very high tT}i';e threallt that is probably going to influence the target over all or most (71-100) % of
populace.
3 High The threat that is probably going to influence the target over much (31-70) % of the
Scope populace.
2 Medium The threat that is probably going to influence the target over some (11-30) % of the
populace.
1 Low The threat that is probably going to influence the target over a small proportion (1-10)
% of the populace.
4 Very high Within the scope, the threat is probably going to demolish, banish, or diminish the
populace by 71-100% in the following 10 years
3 High Within the scope, the threat is probably going to seriously diminish the populace by
Severity 31-70% in the following 10 years
2 Medium Within the scope, the threat is probably going to moderately diminish the populace by
11-30% in the following 10 years
1 Low Within the scope, the threat is probably going to slightly diminish the populace by 1-
10% in the following 10 years
4 Very high The impacts of the threat can't be overturned, it's impossible the target can be re-
established and will take over 100 years to do it
3 High The impacts of the threat can be overturned and the target reestablished within 21-
Urgency 100 years
2 Medium The impacts of the threat can be overturned and the target reestablished within 6-100
years
1 Low The impacts of the threat are easily reversible and the target is reestablished within 0-

5 years

plot" method is employed by clearing existing pellets and
estimating deposition during subsequent visits as
practiced by Shrestha (2004). The forest had no other
herbivores other than the occasional grazing of goats from
the nearby settlement areas. However, to eliminate the
confusion in identifying pellets, we referred to Gurung et
al. (1996).

Some predetermined sampling rules were assigned as
practiced by Shrestha (2004) and Gupta (2007):

a) Ridge tops in sloppy terrain were generally
avoided,

b) Pellet group consisted of =5 pellets spread out
close together and have similar sizes, shapes,
textures, and colors (Freddy & Bowden 1983),
and

c) The best estimate of the number of pellet groups
was made based on the age of pellets, color,
sheen, and level of degradation.

2.2.3 | Habitat preferences

During the detailed field survey for pellet count, we also
reported dominant habitat type, distance to the nearest
road, settlements, water source, and presence/absence of
invasive species. The dominant habitat type was
determined virtually by looking at the species' dominance.
For measuring the nearest distance from the center of the
sample plots to the roads, rivers, and settlements, we used
the “Distance” function in ArcGIS software. In the case of
identifying the Invasive Alien Plant Species (IAPS), we
referred to Shrestha and Shrestha (2021).

2.2.4 | Threat assessment

We interviewed 20 households (80% of the sample)
within a 500m distance from the edge of the forest area
using semi-structured questionnaires to ensure proximity
to the study site, as residents within this range are likely
to have a more intimate knowledge of the area and its
conservation threats (Kandel et al. 2023). We conducted
interviews in the local language, subsequently translating
them into English. Our aim was to frame open-ended
questions whenever feasible to capture the genuine
sentiments of the respondents on various issues (Phuyal
etal. 2023). These surveys aimed to identify and rank the
various conservation threats in the study area. To rank
these threats, we employed the relative threat ranking
method, as described by WWF in 2007, followed by Kafle
et al. (2020), Neupane et al. (2020), and Chhetri et al.
(2020). The ranking of the threats was based on three
criteria: scope, severity, and urgency which helped to
understand and determine the most significant existing
threats in the area.

2.3 | Data analysis

The chital population density was calculated by the
formula:

Population density/km? =

Total pellet groups counted
Pellet groups per day per chital X Time interval between
visits X Total plot area in sq. km.

The population was calculated by multiplying the deer
population density/km?2 by the sampling area taken in
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Table 2. Estimates and statistics for the final model predicting
the probability of observing chital

Predictor Estimate S.E x2 p-value
Intercept -3.50 1.40

Habitat type 8.43 0.03 *
Mixed forest 0

Grassland -0.85 1.49

Sal forest 1.93 1.21

Riverine forest 1.32 1.20

Road Distance  0.02 0.01 9.65 0.001 **

kmZ. The time interval was kept at 20 days, the sampling
area was 74 hectares (0.74 km?2), and the pellet group
deposition per day per spotted deer is taken to be 24 as
per Dinerstein (1980).

A binomial distribution model employing the logit link
function was employed to analyze the factors influencing
the presence of chital within the designated study area
(Equation 1).

Equation 1: The logit link function is: (log(y/(1-y)))

In this equation, the logit link function is represented as
the natural logarithm of the odds ratio of the probability
of chital presence (y) to its absence (1-y). The study's
dependent variable was the binary presence or absence of
chital at specific sampling locations, while the
independent variables consisted of five predetermined
habitat characteristics: Habitat type, nearest water
distance, nearest settlement distance, nearest road
distance, and the presence or absence of invasive species.
Statistical analysis was conducted using the widely used
open-source software tool: “R x 64 4.0.3 (http://cran.r-
project.org/)” (R Core Team 2020) to identify the most
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Figure 4. Figure showing the probability of chital detection
in relation to road distance.

influential factors affecting chital detectability in the study
area. Initially, all habitat parameters were included in an
initial model, and the data were assessed for over-
dispersion. The summary table of the model indicated that
the data did not exhibit overdispersion. The backward
selection method, involving the stepwise removal of
insignificant variables, was employed to establish the final
model, including covariates for which the likelihood ratio
test resulted in a significant p-value at a 5% significance
level. To assess the adequacy of the model fit, binned
residual plots were generated, following the criteria of
homogeneity and independence (Fig. 5) as recommended
by Gelman and Hill (2006). The binned residual plots were
generated using the "binnedplot” function from the "arm"
package, with default settings for bin calculation, as
described by Gelman et al. (2018).

The threats identified during the site visit were assigned a
relative rank from high (5) to low (1) based on the
criterion of WWF (2007). Further, it was reclassified into
five categories: very high, high, medium, low, and very
low.

3 | Results

3.1 | Chital population and habitat use

The total chital population in IOF, Hetauda campus was
estimated to be approximately 141 individuals with a
density of 190/km?2.

Among the five habitat variables examined in this study,
there were no significant differences in the probability of
chital detection for the following three variables: Water
Distance, Settlement Distance, and Presence/absence of
invasive species. However, the “Habitat type” and Road
distance (walking trail/ motor road) variables exhibited
significant differences among the factors for the
probability of detection. Therefore, the final model given
by the binary logistic regression for the presence/absence
of chital in a particular area is given below:

Probability of chital detection = -3.501444 -
0.852800xGrassland + 1.932841x Sal forest + 1.327636x
Riverine forest + 0.028715xRoad distance + error

The final binomial distribution model with logit link
function with estimates and standard errors for each
significant variable is presented in Table 2. Our final
model showed that the probability of chital detection
increases with an increase in Sal forest and Riverine forest
as habitat types and an increase in Road distance (Fig. 4).
Further, an examination of the binned residual plot (Fig.
5) revealed that the dispersion of residual averages is
homogenous with no patterns.

3.2 | Threats to chital in the study area

From the relative threat ranking, we found that feral dogs
are the most critical threat to the chital in the forest.
Attacks from feral dogs were ranked as a very high threat,
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Figure 5. Binned residual plot of residual averages (calculated by the default bin-identification setting of binned plot function of

package arm) vs. predicted values. The drawn lines are the limits of the 95% confidence intervals.

whereas, illegal hunting, habitat degradation, climate
change, and human interventions i.e. collecting forest
products were regarded as high, medium, low, and the
lowest threat to chital respectively (Table 3).

4 | Discussion

The population of chital in the forests of IOF is estimated
to be approximately 141 individuals, with a deer density
of 190/km?2. This is notably higher than what was
observed in the national prey base survey in protected
areas and adjoining forests by DNPWC and DoFSC (2022),
where the highest recorded chital density was 114.61/
km?, specifically in Shuklaphanta National Park (ShNP).
Taking into consideration, unlike ShNP, the forests of IOF
lack natural predators and other herbivores that directly
compete with deer for resources. However, it's important
to acknowledge that some studies have reported similar
and even higher densities of chital. According to Raman et
al. (1996), who conducted a line transect survey in Guindy
National Park (GNP), found the deer density of 185.4/km?
(£29.3/km? 95% confidence interval) in 1991, and
239.2/km? (£37.2/km?, 95% confidence interval) in 1992
where there were also blackbuck present, which served as
direct competitors to the chital. Similarly, Naess and
Andersen (1993) also estimated the densities exceeding
200/km? in Bardiya National Park. Provided with the
appropriate management of existing threats, it is possible

Table 3: Threat assessment of the spotted deer in the study area

to observe an increase in the deer population within the
forests of I0OF.

The estimation of population size can be said to be
indifferent to a specific period regardless of the seasonal
variations or choice of the month as previous research has
indicated that the breeding season of deer can vary across
the geographical range (Seidensticker 1976; Khanpara et
al. 2007). In tropical areas like India and the lowlands of
Nepal, there is no distinct mating season and breeding can
take place throughout the year (Waring 1996; Khanpara
et al. 2007). The peak breeding season can differ for the
same species in different locations within their habitats,
potentially influenced by regional distinctions in climate
and vegetation (Krishnan 1972; Khanpara et al. 2007).
However, a previous study by Bhusal et al. (2020) on the
breeding patterns of chital in the forests of IOF revealed
that the highest occurrence of fawning took place during
December, January, and February, although fawning was
observed throughout the year except in July and the peak
breeding period was identified as May-June.

Our findings indicate that the likelihood of detecting chital
is positively correlated with the presence of Sal and
Riverine forests as habitat types during the dry season.
This aligns with previous studies conducted in the
lowland terai landscape, underscoring the significance of
grasslands and dense Sal forests as crucial habitats for
spotted deer (Seidensticker 1976; Lamichhane etal. 2020;
Regmi et al. 2022). Moreover, chital is a habitat generalist
and tends to thrive in open grasslands interspersed with

Threats Scope Severity Urgency Total Threat
Classification

Illegal hunting 4 4 3 11 High

Feral dogs 5 5 5 15 Very high

Habitat degradation 2 3 4 9 Medium

Human interventions from forest 1 1 1 3 Very low

product harvesting

Climate change 3 2 2 7 Low
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forested areas for shelter (Dinerstein 1980). In the
summer and rainy seasons, the grasslands have high-
quality forage availability due to habitat management
efforts (Adhikari et al. 2021). But in the dry season, when
the grass becomes dry and unpalatable, chital moves to
different forest patches, likely because there's not enough
food in the grasslands (Dhami et al. 2023a). Herbivores,
including chital, select habitats that maximize nutrient
intake (Westoby 1974) and adjust their movement
between different habitats to meet changing needs (Bell
1971; McNaughton 1987). This preference for forest
habitats in the dry season is not unique to chital; other
grassland-dependent herbivores in the Terai lowland, like
the Swamp deer, also display similar behavior (Dhami et
al. 2023a).

Road disturbance exerts a substantial influence on the
presence of herbivorous species, as evidenced by studies
conducted by Laurian et al. (2012) and Leblond et al.
(2013). Our research indicates a reduction in chital
occurrence in habitats near roads, potentially attributed
to elevated human activity along these walking trails,
particularly by university students. Interestingly, the
behavior of ungulates in relation to linear features varies
under different ecological conditions (Neupane et al.
2021). However, in western Canada, white-tailed deer
(Odocoileus virginianus) exhibit a strong preference for
linear features like roads and trails, even though this may
potentially increase their risk of encountering wolves
(Darlington et al. 2022). This behavior is attributed to the
fact that linear features can entice deer with abundant
forage opportunities in heavily exploited landscapes.

This study finds that the attacks from feral dogs are the
greatest threat to the chital population followed by illegal
hunting, habitat degradation, climate change, and human
interventions i.e. collecting forest products. The people
residing around the forest, students, teaching, and non-
teaching staff have also witnessed cases of feral dog
attacks on chital especially targeting fawns and sub-
adults.

In the absence of natural predators within the forests,
feral dogs have emerged as potential predators (Figure
1a). Specifically, in habitats where prey density is high and
feral dogs employ a pack hunting strategy, predation rates
escalate (Duarte et al. 2016). Younger deer, such as fawns
and yearlings, are particularly vulnerable targets for feral
dogs due to their relative ease of capture. The dogs'
approach involves harassing, chasing, and diverting the
young from their mothers before preying upon them
(Muro et al. 2011). Similar instances of depredation by
feral dogs on Mediterranean deer have been documented
in southern Spain (Duarte et al. 2016).

Feral dogs contribute to the spread of diseases, engage in
wildlife harassment and predation, and compete with
endemic species. Their role as carriers of transmissible
pathogens i.e. 40 zoonotic diseases (Bergman et al. 2009),
including rabies, parvovirus, and canine distemper virus
(CDV), poses a significant threat to native and often
endangered wildlife, leading to notable population

declines (Woodroffe 1999). A notable example is the
transmission of CDV from dogs to threatened Lake Baikal
seals (Phoca sibirica), resulting in further declines in seal
populations (Mamaev et al. 1995).

While the direct killing of wildlife is conspicuous, feral
dogs also engage in harassing and chasing endemic
species, inducing elevated stress and energetically costly
behaviors in native wildlife (Lenth et al. 2008). The mere
presence of dogs in an area can deter wildlife use and
habitation, with detrimental effects on the breeding
success of native species such as ungulates (Gingold et al.
2009). Gingold and colleagues (2009) observed that in the
presence of dogs, no mountain gazelle (Gazella gazella)
fawns survived after six months, indicating the
occurrence of dog predation. In some instances, the
impacts of dog predation may surpass those of wild
predators. A study in the French Pyrenees by Bouvier and
Arthur (1995) reported 733 Kkills of domestic sheep, with
91% attributed to feral dogs and the remaining 9% to
brown bears (Ursus arctos). While the direct applicability
of these results to wildlife species remains uncertain, it
raises the prospect of elevated predation rates by dogs,
particularly in proximity to human settlements.

This study finds poaching as another serious threat to the
chital population considering some recent sightings of
some traps inside the IOF perimeter (Figure 1b). Nepal
continues to combat the ongoing issue of illegal wildlife
trade, necessitating a comprehensive and multi-
dimensional approach (Brown and Davies 2014). Such
illegal activities have been recorded in many places
including the dry Churiya hills of Far-Western Nepal
(Neupane et al. 2010), the Nepali-Chinese and Nepali-
Indian Border (Puri et al. 2020), Ghodaghodi Lake
Complex (Lamsal et al. 2014), etc. endangering its
biodiversity. It can have detrimental effects on animal
populations, leading to potential local extinctions,
decreased genetic diversity, diminished trophy sizes,
hunting prospects, and shifts in sex ratios and age
distributions (Coltman et al. 2003). Thus, the concerned
authority should practice proper control methods to stop
such illegal activities.

The effects of IAPS on the degradation of chital habitat are
seen to be another threat to the existence of their
population. A total of 22 species of IAPS are recorded in
the forests of IOF where Mikania micrantha, Chromolaena
odorata, Lantana camara, and Ageratina houstonianum
are found mostly (Pandey et al. 2021) which is a worrying
issue considering its small area. It threatens their survival
and population growth mainly due to habitat loss and lack
of palatable plant species by the IAPS invasion (Murphy et
al. 2013) and are negatively associated with the
abundance of wild ungulates (Adhikari et al. 2022). The
other threats include impacts from climate change and
human interference from forest product collection but
these were not regarded as serious as above.

44



Nepalese Journal of Zoology, 7(2)

Shrestha & Dhami

5 | Conclusions

Our study concludes that the total chital population inside
the forests of IOF is approximately 141 with a population
density of 190/ km? taking into note the forests have no
natural predators and other direct competitors for food.
Our study also demonstrated that the detectability of
chital increases with the availability of Sal Forest and
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University (AFU), Hetauda during the fieldwork.
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