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1 | Introduction

Blue bulls (Boselaphus tragocamelus) in Nepal are found near human settlements, crop fields and forest
patches of lowland Terai and their management is becoming challenging due to conflicts with locals.
This study explored habitat use and diurnal activity pattern of blue bulls at the Lumbini Heritage Site
(LHS), one of the UNESCO World Heritage Sites from Nepal between 29 February and 31 March
2022. The habitat availability was quantified from classified land use land cover data of 10 m
resolution and habitat use of the blue bulls was studied by direct observation. Activities of the blue
bulls were recorded by the focal animal sampling method to determine the diurnal time budget for
three observational phases 7:00-10:30 AM, 10:30-2:00 PM, and 2:00-5:30 PM; morning, afternoon and
late-afternoon, respectively. The behavioral states recorded were grazing, locomotion, resting, alert
and other activities (running, fighting, etc.). A total of 73 individuals of blue bulls were recorded along
the 20 line transects each of 200-300 m in length. The majority of the blue bull individuals (52.05%)
were observed in grassland that occupied only 7.14% of the LHS while lesser were found in dense
forests (44.44% of the LHS) and agricultural land. Blue bulls spent the majority of their diurnal time
on feeding followed by resting and locomotion. Feeding peaked during the morning and late-
afternoon observational phases when the temperature was low whereas resting was the major activity
in the afternoon. Because the grasslands are the most used habitats by blue bulls in the LHS, especially
for feeding, we emphasize the proper management of the grasslands.

Keywords: Bovids; Focal animal sampling; Habitat use; Land cover; Lumbini

eyesight and hearing capacity (Schaller 2009). They are
social animals, found in single or mixed sex herds of
varying sizes. They have clumped distribution with an

Blue bull/Nilgai (Boselaphus tragocamelus), a bovid
ungulate, is one of the largest antelopes in Asia that is
endemic to Peninsular India and small parts of Nepal
and Pakistan (Leslie 2008; IUCN 2016). Blue bull is
sexually dimorphic; adult males are dark gray varying
from bluish to brownish gray except for mane while
females, calves and young males are pale brown
(Schaller 2009). Both sexes have a mane on the neck and
develop a tuft of long hair on the throat. Males are larger
than females with the average weight of an adult being
about 200 kg (Nowak & Walker 1999). Males have about
20 cm long cone-like horns while females are hornless
and noticeably small. They are shy and have strong

average herd size of 5-6 individuals per herd (Vaghela
et al. 2020). This species is widely distributed in India
and Nepal’s lowlands, extending into Pakistan’s border
areas. Recently, they have been introduced to the United
States and Mexico (Corbet & Hill 1992; Dinerstein 1980).

Blue bulls are one of the nationally threatened animals
living in close proximity to human settlements (Mallon
2017). IUCN Red List of Threatened Species has listed
the species under the ‘Least Concern’ category (IUCN
2016); however, in Nepal, it is vulnerable and is often
considered as a problem animal for its crop raiding
habit (Jnawali et al. 2011). They usually avoid the
densely wooded areas and inhabit undulating plains
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with grass and patches of scrub (Schaller 2009), and
often encountered in agricultural crop fields raiding
crops (Chauhan & Singh 1990; Babbar et al. 2022). They
are both grazer and browser, but grasses constitute bulk
of their diet (Mirza & Khan 1975; Sankar & Vijayan
1992). In Nepal, blue bulls are found in the plains,
hillsides, arid areas, grassy steppe woodlands, scrub
areas, flood plains, dry deciduous forests, and
agricultural areas outside of the country’s protected
area network; where they compete for resources like
fodders with human populations (Aryal 2007). They
have a direct effect on the local livelihoods of the
destroy of crops
vegetables due to which human-blue bull conflict arises
(Aryal 2007). In the Rupandehi District of central
lowland Nepal, they are found in the riverine forests of
the Tinau River, small patches of community forests,
grasslands fields (Aryal 2007).
Destruction of habitat and lack of food has resulted in a
noticeable reduction in the number of blue bulls in the

Lumbini area of Rupandehi District as well as

farmers; large quantities and

and agricultural

surrounding areas (Aryal et al. 2016).

Proper management of crop pests and conservation of
such conflict-causing wild animals requires a good
piece of knowledge about their behavior (Berger-Tal et
al. 2011). Behavioral studies focus on how an organism
responds to their physical, social and biological
environments and the reactions they realized to shape
up their survival strategy through the action of natural
selection and sexual selection (Cacioppo et al. 2000;
Sachser et al. 2013). Behaviors are variable between
individuals in terms of forms and frequencies. Blue
bulls are tolerant to other ungulates and can be seen
feeding with cows and buffalo (Vaghela et al. 2020).
Blue bulls are considered a pest animal as they destroy
crops both by trampling and eating plants, especially in
fields that are close to forest areas (Rahmani 2001). They
have even been reported to cause serious injuries to
humans by their sharp horns (Gorchiya et al. 2022).

Forest patches and adjoining areas of Rupandehi and
Kapilvastu districts are important blue bull habitats but
conservation and management measures for the species
in Nepal have not been taken yet that has led to a decline
in their population (Subedi 2001; Koirala et al. 2020).
Blue bulls are found near human settlements and crop
fields outside the protected areas. Their natural habitat
is being lost due to over-exploitation, pollution, habitat
destruction, poaching, human and livestock pressure,
etc. (Tiwari & Ghimire 2021). Their presence in the open
farmland has produced major challenges for wildlife
managers and local farmers. However, blue bulls are

among the least studied mammals in Nepal. Thus, we
require baseline information about the habitat choices of
blue bulls and identification and prediction of the blue
bull activities, such that we can better formulate the
management strategy by reducing crop depredation
and ensuring the survival of a healthy population of
blue bulls. Therefore, this study aimed to explore the
habitat uses and the diurnal activity pattern of the blue
bulls in various hours of the day at Lumbini Heritage
Site (LHS), one of the UNESCO World Heritage sites in
Nepal.

2 | Materials and methods

2.1 | Study area

Lumbini is one of the UNESCO World Heritage Sites of
Nepal which occupies 7.7 km? area (Aryal 2007).
Lumbini Heritage Site (LHS) lies in the Lumbini
Sanskritik Municipality of Rupandehi District, Lumbini
Province in the Terai region of Nepal. The LHS was
formed by the Lumbini Development Trust Act 1985 for
the purpose of restoring the Lumbini Garden under the
master plan. The LHS lies at longitude 83°16.1' to
83°17.2" E and latitude 27°27.5' to 27°30.67' N at an
elevation of 150 m above sea level. With implementation
of the Master Plan, the LHS was divided into three
sections: The Scared Pond Zone, The Lumbini Village
Zone, and The Monastic Zone. The holy site of Lumbini
has ancient monasteries, a sacred Bodhi tree, an ancient
bathing pond, the Ashoka Pillar and the Mayadevi
Temple, where the supposed place of birth of Buddha is
located(DDC 2013).

Lumbini has a humid subtropical, dry winter climate.
Lumbini typically receives about 106.2 millimeters (4.18
inches) of precipitation and has 80.55 rainy days (22.07%
of the time) annually. The garden of LHS contains a total
of 65 different species (angiosperms
gymnosperms). Callistemon citrinus, Albizzia lebbek and

tree and
Dalbergia sisoo are few most common trees. In the LHS,
79% of the potential habitat for the blue bull is covered
by forest, while the remaining 21% is grassland or open
land. Roughly 43% of the study area had dense crown
cover (75-100%), 27% had moderate crown cover (50—
75%), 14% had sparse crown cover (25-50%), and the
remaining 16% had very sparse crown cover. The
garden has a diverse range of flora and wildlife, with
both terrestrial and aquatic vegetation present (DDC
2000).
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Figure 1. Map of the study area. (a) Map of Nepal showing Rupandehi District; (b) Map of Rupandehi showing LHS; and,

(c) Map of LHS showing behavioral sampling sites

2.2 | Field surveys

A preliminary field visit of the study area was carried
out in the first week of February 2022. The main
objective of the visit was to become familiar with
different features of the study area such as geography,
local community, and types of flora and fauna found.
The study area was divided into the blocks of each 500
x 500 m? by using ArcGIS 10.4. and was assigned the

numbers from 1 to 20. A total of 10 of those blocks were
randomly selected. The line transect method was used
as the tool for surveying the population of blue bulls.
Altogether 20 line transects (two from each block) of
lengths 200-300 m were surveyed. Data on habitat use,
time budget, activity pattern and movements of free
ranging blue bulls were recorded. The data collection
was conducted from 29 February to 31 March, 2022.
Whenever the blue bulls were recorded, population was
counted and habitat features along with GPS
coordinates were noted.
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Table 1. Ethogram of behaviors sampled during the study

Behavior Definition

Resting Animal is lying on the ground and in inactive state.

Alert Standing, ears raised to perceive some external stimuli
Locomotion Animal is moving/walking without any accompanying behavior
Running Moving at a speed faster than a walk

Grazing A condition in which animal feeding on grass in the field
Fighting Engage in physical combat with another member of the herd

2.3 | Behavioral observations

Behavior was observed daily from 7:00 AM to 5:30 PM
dividing into three shifts of each three hours- 7:00-10:30
AM; 10:30-2:00 PM; and 2:00-5:30 PM. Behavioral data
of blue bulls were sampled by the ‘focal animal
sampling’ method (Altmann 1974). An individual from
a group was identified based on its morphological
features such as the shape of horns, any mark on the
body pelage, tail hairs etc. and all behavioral states and
events from the focal animal were recorded (Altmann
1974). A well-identified animal was observed for an
observational shift of three hours and all interactions
involving that animal was recorded during this specific
period. Total duration of focal sampling of the blue bull
was 154 hours. Behavior was broadly divided and
further regrouped into five major categories of behavior
such as feeding (grazing and browsing), locomotion
(moving), resting (standing, sitting, lying, sleeping),
alert, and other activities such as running, fighting, etc.
using an ethogram (Table 1). The proportion of time
spent in each category of behavior was referred to as the
activity budget. The focal individual of the blue bull
was recognized by sex (male, female, juvenile and
infant) and further was distinguished by the body color,
size and genital parts. Observations were done from
hidden points in bushes and trees in potential areas to
avoid disturbance to the animals.

2.4 | Data analysis

Using Google Earth, a polygon was drawn to cover the
entire Lumbini Master Plan area and the extracted kmz
file was converted to a shape file. The classified land use
land cover data of 10m resolution from ESRI (Karra et
al. 2021) was used to quantify the land use land cover
types in the area. A land use map for the study area was
extracted and classified into seven major categories:
water bodies, forest, grassland, flooded vegetation,
agricultural land, shrub land and built up areas. All of
the different types of habitats in the study area were
color-coded to make a land use map. ArcGIS version
10.4 was used to construct the geographical map. One-
way ANOVA test was used to test the difference in

foraging/ grazing, resting, locomotion and alert
behavior of blue bulls in three observational phases of a

day for statistical significance level of 0.05.
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Figure 2. Land use land cover analysis of the LHS showing the
major habitat types in the study area
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of the LHS. It was followed by shrub
land (18.92%), built up area (17.73%),
agricultural land (8.88%), grassland
(7.14%), flooded vegetation (1.93%)
and water body (1%).

A total of 73 individuals of blue bulls were observed
during the study period along the 20 line transects.
Among those 73 individuals, 24 were males, 29 were
females and 20 were calves. Out of total recorded
population of blue bull, more than half (52.05%) were
observed in the grassland followed by the forest and
agricultural land (Fig. 3).

On analysis of the population observed in different
habitats, the forest habitat contained 40% of males, 48%
females and 12% calves. Out of total blue bulls observed
in the grasslands, 28.94% were males, 36.82% were
females and 34.21% were calves. In the agricultural
fields, 30% were males, 30% females and 40% were
calves.

3.2 | Diurnal activity pattern of blue bulls

60 A

50 -~

B Male

Percentage of habitat

Forest

Grassland

Habitat utilization

Figure 3. Percentage of population of blue bull in different habitats.

Blue bull spent majority of the diurnal time on
foraging/grazing (39%) followed by resting (27%) and
locomotion (23%) (Fig. 5).

Foraging/grazing was the most prevalent behavior
shown by blue bulls in the morning (7:00-10:30 AM)
which accounted for 27.14% of the time. Blue bulls spent
26.03% time on locomotion, 24.60% on resting, and
22.91% on alert. In the afternoon (10:30-2:30 PM), the
animals remained alert for majority of the time (44.47%)
followed by resting (41.48%). In evening time (2:30-5:30
PM), blue bull spent more time on grazing (40.98%)
followed by locomotion and resting. ANOVA revealed
significant difference on time invested in grazing,
resting and locomotion by the blue bulls during the
three observational phases (F =5.002; df =2, 42; P=0.01).
However, the difference was not statistically significant
for alert behavior (Table 2).

B Female @ Calves

Cultivated land

Habitat utilization by different age-sex group

Figure 4. Habitat utilization by different age-sex groups of blue bull in the LHS
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Figure 5. Percentage of time spent in major activities by blue
bull as observed by the focal animal sampling method

4 | Discussion

This study explored habitat use by the blue bulls in the
Lumbini Heritage Site (LHS) using direct observations.
Based on the total number of animal observations (73),
the grassland was most utilized by the blue bulls
(52.05%) although the grasslands constituted only 7.14%
of the total available habitats. Despite the presence of
44.44% of forest habitat, only 34.24% of the blue bulls
were recorded in the forest. These results indicate the
preference of blue bulls to grassland over forest. Similar
type of results with higher occurrence in grassland and
forest patches was observed by Aryal et al. (2016) and
Bayani and Watve (2016).

During the study, blue bulls were found to prefer
wooded grassland, usually avoiding very dense forests.
Dense forests though have enough food source also
faces many challenges like resource competition with
other ungulates (like domestic cattles, barking deer and
spotted deer) and presence of lurking predators make
forest less preferable (Sheffield Jr et al. 1971; Kuijper et
al. 2009; Quasin et al. 2014). Likewise, many agricultural
aiding practices like fencing, shouting, and frequent

Table 2. Result of ANOVA test of different behaviors during
three observational phases of the days

Behavior Df F P-Value F critical
Grazing 2,42 27.649  0.0007 3.219
Resting 2,42 22376  0.0022 3.219
Locomotion 2,42 5.0020 0.0112 3.219
Alert 2,42 2.1483  0.1293 3.219

encounter with human in agricultural field might be the
reasons for less occurrence of blue bull in agricultural
habitat (Gajera et al. 2014; Aryal et al. 2016).

Behavioral responses of animals are influenced by their
physical and habitat conditions (Rahman & Candolin
2022). Our study was performed in LHS to assess the
behavior of blue bull. During our study, we found that
blue bull spent maximum time in grazing, resting and
locomotion activities, and there were no records of
grooming and ruminating activities throughout the
study period. The present result of diurnal activity
pattern of blue bull of behavioral time budget showed
that the grazing time was highest (39%) followed by
resting (27%), locomotion (23%), alert (8%) etc. Similar
results were observed in behavioral study of blue bull
around the world (Quasin et al. 2014; Babbar et al. 2022).
Not only blue bulls, such types of behaviors are shown
by many ungulates and herbivore species (Hudson &
Frank 1987; Rosenbaum et al. 2019).

Animals perform wide variety of daily activities for
their existence in natural habitat, but presence of some
degree of differentiation in their activities is due to
limitation in space, food, human presence (Hamel &
Coté 2008; Schweiger et al. 2015). In addition to these
factors, chronobiologically associated crepuscular
activity rhythms and some uncommon environmental
events like eclipse also governs the diurnal activity
budget of ungulates like blue bull (Mahato et al. 2013;
Ensing et al. 2014). In our study, feeding activity was
found the major activity profile i.e. maximum feeding
activity was found in morning and evening while
minimum was found in day light time. Similarly,
maximum locomotion was recorded in evening and
minimum was in day time. Blue bull mainly feed on
grasses and foraging for daily dietary
requirement in post winter season might have shown

shrubs,

this huge time budget for feeding and locomotion. As
this species is inhabitants of tropical climatic belt, they
forage when the temperature is low. Many previous
studies have clearly demonstrated similar type of
foraging schedule (Quasin et al. 2014) and time
budgeting for feeding and locomotion (Quasin et al.
2014; Bayani & Watve 2016).

Afternoon holds the maximum resting and morning
and evening time period hold the minimum. For alert,
maximum time was found in afternoon and evening
and minimum was in morning time. Similar result
having alerted huge resting time was observed by other
researchers (Schaller 2009).

Blue bull engaged maximum time in feeding during
7:00-10:30 AM and 4:00-5:30 PM when the temperature
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was low, while blue bull spent the greatest amount of
time in resting during 12:00-3:30 PM as temperature
increases during the day time. It is found that the
walking activity pattern was maximum during the
evening hours in both male and female. The present
study shows that the pattern of docility
indicates that females graze with young ones (calves).
Females and calves in the current study did not engage
with males very much. Male blue bull was seen in a
scattered form, whereas females were relatively social
and grazing in groups with calves.

Regmi and Chalise (2019) found that animal spent more
than 55% of diurnal time in grazing, 29% in rest and 12%
of the time in wallowing which is similar to the present
study. Intense feeding or grazing and locomotion or
moving of blue bull as like in most of the diurnal
herbivores in tropics occur early in the morning and
later part of the day with a long resting period at the
noon. This study indicated activity budget would have
implication to habitat management with respect to
animal behavior and food requirements. They are found
to perform daily activities such as grazing, resting,
locomotion, alert etc. interactions around the territories
mainly at open areas with tall and short grasslands
mostly in proximity to water-logged sites, and scrub or
forests. Habitat condition is also a factor for variations
in behavioral time budget at different observational
phases which was noted to differ with the opening of
the dense grassland. There were some observations of
the daily active period of blue bull that was affected by
other factors such as human disturbances so blue bull
become highly sensitive and change the activity
spontaneously. Besides that, the presence of other
species such as domestic buffaloes, cattle, and cow affect
on behavioral activities pattern in long run through the
sympatrism, because sympatric species share the diet,
space and intervene in social activities (Li et al. 2022).
Since blue bull’s day hours consists of portions of time
to spend in grazing, resting, locomotion between food
sources and essentially the social interactions, this is
also true for many of the diurnal animals in performing
such behaviors. Behavioral activities of the blue bull are

directly related to the nature and frequency of the
anthropogenic activities which affect the natural
behavior of blue bull as like in other herbivorous
animals.

5 | Conclusions

Forest was the most abundant land cover type in the
Lumbini Heritage Site; however, the most used habitat
of blue bulls was the grasslands. Low preferences to
dense area could be associated to the adaptive behavior
of the blue bull against predation. Feeding was found to
be the most dominant activity of the blue bulls in their
diurnal activity budget. The results revealed that blue
bulls graze more in the evening than in the morning and
afternoon. We emphasize for the proper management of
grasslands in the Lumbini Heritage Site in order to
sustain a viable population of the blue bulls.
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