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1.1

General Introduction

Introduction

1.1.1  Carnivore conservation worldwide

The evolution of cats (Felidae) started only relatively recently with several
species diverging within a time span of c. 28.5 to 35 million years (Sunquist
& Sunquist 2002). It has been estimated that the group of large ‘roaring’ cats,
including tigers and leopards, have diverged around 2-3 million years ago
(Turner, 1987).

Historically, the conservation of large cats has been motivated on a.o.
aesthetic, symbolic, spiritual, ethical, utilitarian and ecological considera-
tions (Loveridge et al., 2010). Nowadays, the threats for the conservation of
tigers and leopards are generally grouped into five main categories: 1) habi-
tat destruction, 2) poaching for illegal trade, 3) decline of prey populations,
4) retaliatory killing after conflicts with local communities, and 5) genetic
isolation and inbreeding depression (Mills & Allendorf, 1996; Inskip & Zim-
mermann, 2009; Karanth & Chellam, 2009; Ripple et al., 2014; Nyhus, 2016).

As human populations are increasing, natural habitat continues to be ex-
ploited, leading to considerable alterations to the global landscape (Lambin
& Meyfroidt, 2011). Tigers and leopards are now regarded as conservation
dependent species because their habitat is facing increasing threats from
human developmental activities (Thapa et al., 2017). Loss of highly suitable
habitats is generally attributed to unauthorized resource extraction, coupled
with natural processes such as flooding and forest succession (Wegge et al.,
2009; Carter et al., 2012). Across much of the leopard range, land has been
converted to agriculture for producing crops in order to support the growing
human population (Jacobson et al., 2016).

Poaching and illegal trade of skin, bones and other body parts of large
carnivores has also greatly contributed to their decline in certain areas
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(Goodrich et al., 2008; Kolipaka et al., 2017). Tigers, more so than leopards,
require large populations to persist and are susceptible to modest increas-
es in mortality, and less likely to recover quickly after a population decline
(Chapron et al., 2008). Knowledge on rates of decline and causes of mortality
among tiger and leopard populations is crucial in order to understand their
population dynamics and hence to formulate effective conservation meas-
ures (Caughley & Sinclair, 1994; Goodrich et al., 2008). When prey levels are
very low, a minor increase in poaching could result in the local extinction of
the tiger (Damania et al., 2003). Mortality rates of more than 15% of adult
female tigers can lead to their extinction (Chapron et al., 2008). For Amur
tigers (Panthera tigris altaica) poaching was regarded as the main cause of
death in Silhote-Alin Biosphere Zapovednik of Russia (Goodrich et al., 2008).
Goodrich et al. (2008) even found that all dispersing Amur tigers that had
been collared were poached before they got a chance to settle or reproduce.
The threat posed to tigers by the illegal trade in wildlife parts is considered to
be greater in Asia than anywhere else (Nowell & Jackson, 2006).

In a study on the effects of humans poaching on prey species of carnivores
in the Northern part of Bardia, Bhattarai et al. (2017) found that decreased
prey numbers led to a decrease in tiger, leopard, fox (Vulpes vulpes) and jack-
al (Canis aureus) population. After the area was included under the buffer
zone in 2010 and due to regular patrolling by armed forces, poaching in this
area had however dropped drastically (Bhattarai et al., 2017), and as a conse-
quence carnivore populations have recovered recently.

Retaliatory killing by humans in areas where livestock or occasionally
even humans are attacked by large carnivores has increasingly contributed
to large carnivore population declines over the past decades (Inskip et al.,
2014). When in the early 1950s tigers were declared a pest in China, this
quickly resulted in uncontrolled killing of tigers, especially in areas where
they were causing problems (Seidensticker et al., 2009). But also leopards
have long been persecuted as a retribution measure to real and perceived
livestock losses (Ray et al., 2005; Shehzad et al., 2015). In the Annapurna
Conservation Area in Nepal there have been records of snow leopards killed
in retaliation to the killing of sheep (Oli et al., 1991). Numerous studies have
reported this same threat to cause great declines in population numbers of
tigers in Asia (Inskip et al., 2014; Lamichhane et al., 2017), lions in Africa and
South West Asia, and mountain lion (Puma concolor) populations in North
America (Nowell & Jackson, 1996).

Several studies have found inbreeding among isolated populations of
large carnivores to negatively impact their long-term viability (Smith et al.,
1998; Perez et al., 2006 ). Reduced genetic exchange rates between popula-
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tions could compromise genetic variation and long-term viability of popula-
tions (Smith et al., 1998). Furthermore, as a consequence of high inbreeding
rates, small population sizes and long-term population isolation, genetic var-
iability could become alarmingly low, potentially leading to increased sus-
ceptibility to contagious lethal diseases (e.g. Arabian leopards in Israel; Perez
et al.,, 2006). To maintain demographic and genetic viability of low density
and wide-ranging species such as the tiger, it is essential to extend conser-
vation actions beyond protected area boundaries, i.e. at the landscape level
(Waltson et al., 2010). In addition, promoting protected area connectivity
is suggested to positively influence the conservation status of wide ranging
large carnivores (Mills & Allendorf, 1996, Wikramanayake et al., 2004).

Morrison et al. (2007) compared the historical (1500 AD) range map of
large mammals with their current distributions to determine which areas
today retain complete assemblages of large mammals and reported that at
the time of his assessment, leopards inhabited 65% of their historical range
while tiger populations have shrunk to a mere 18% of their historical range.
This indicates a significant global decline in distribution of these large car-
nivores. Since tiger and leopard densities are naturally limited by energetic
constraints, their numbers could significantly impact the community struc-
ture of herbivores through resource facilitation and trophic cascades (Ripple
etal., 2014).

1.1.2  Human-wildlife conflicts

While large cat species worldwide generally serve as an umbrella and flagship
species for ecosystem conservation (Loveridge et al., 2010), the relationship
between humans and wild felids has historically been a complex and often
paradoxical one (Loveridge et al., 2010). In certain cultural beliefs wild cats
have since long been considered as valuable assets, cultural icons or to carry
a significant symbolic value (Bhattarai & Fischer, 2014; Kolipaka et al., 2015).
In terms of their economic value, a clear shift has taken place over the past
century or so, from being the main target as a valuable hunting trophy to gen-
erating income as a key tourist attraction (Mehta & Heinen, 2001; Bhattarai
& Fischer, 2014).

But just like their larger carnivorous relatives around the world, large
cats are also known to cause serious problems if their activities coincide
with those of humans (Woodroffe et al., 2005; Treves et al., 2006; Inskip &
Zimmerman, 2009). Due to a global increase in land resource use, numerous
wildlife species have lost vital habitat and are forced to live in close proximity
to humans, thereby competing for space and food (Inskip & Zimmerman,

11
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2009). Conlflicts arising from this competition could pose a serious threat
on both the wildlife species involved, especially if it is considered threatened
with extinction, and the people that are trying to defend themselves or their
livestock (Saberwal et al., 1994). Particularly wide ranging species, such as
leopards and tigers, could trigger a conflict situation at great distances from
protected areas (Bhattarai & Fischer, 2014; Acharya et al., 2016). At the same
time, retaliatory actions taken by local communities that suffered losses due
to attacks by such predators could extend far into protected areas. Such spe-
cies are therefore prone to being killed by people (Woodroffe et al., 2005;
Kolipaka et al., 2017). The methods used by local inhabitants to kill large car-
nivores are numerous, and vary to a great extent including shooting, poison-
ing of livestock kills, electrocution, snaring and trapping (Karanth & Gopal,
2005). Local villagers around Chitwan National Park, Nepal have been re-
ported to put out poisoned livestock carcasses to kill tigers (Sunquist, 1981).

But conflicts with large carnivores not only arise as a consequence of di-
rect interactions with humans, expanding human habitation, loss of natural
habitat, the local and international trade in wildlife parts and in some regions
growing wildlife populations resulting from successful conservation pro-
grams are also important contributing factors (Saberwal et al., 1994; Treves
& Karanth, 2003; Wang & Macdonald, 2006).

Inskip & Zimmerman (2009) define a human-wildlife conflict (HWC) as
the situation that arises when behavior of a non-pest, wild animal species
poses a direct and recurring threat to the livelihood or safety of a person or
a community and in response, persecution of the species ensues. The use of
the term ‘human-wildlife conflict’ is usually misleading as it portrays wildlife
as an antagonist with conscious intent to interfere with people’s lives and
livelihoods, whereas the real conflict is between conservation and other hu-
man interests (Peterson et al., 2010; Redpath et al., 2015; Fisher, 2016). The
phrase ‘human-wildlife conflict’ is now commonly used to describe a situ-
ation that involves any negative interactions between humans and wildlife
(Messmer, 2009).

1.1.3 Tiger ecology

The tiger (Panthera tigris, Linnaeus, 1758) is one of the world’s most iconic
predator species. Unfortunately, it is also one of the most endangered species
(Seidensticker, 2010). The tiger is regarded as a top predator and a flagship or
umbrella species for their role in biodiversity conservation and maintaining
a healthy ecosystem (Morrison et al., 2007; Ripple et al., 2014). According to
the IUCN global Red list, the tiger is considered Endangered (IUCN, 2018).
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In 2011 a Tiger Summit was organized in St. Petersburg, Russia, to discuss on
a global action plan for tiger conservation (GTRP, 2011). In the St. Petersburg
declaration which resulted from this meeting, the member states have recog-
nized that in the past century, tiger numbers have plummeted from 100,000
to below 3,500, and are still declining (GTRP, 2011). While tigers were once
widely distributed across Central, East and South Asia (Figure 1.1, Mazak,
1981) the declaration indicates that tiger numbers and habitat surface area
had shrunk by 40 percent in the last decade alone, largely due to habitat loss,
poaching, illegal wildlife trade, and human-tiger conflicts (GTRP, 2011). A
study by Waltson (2010) has identified 42 tiger source sites representing 6 %
of their existing range, and holding 70% of the tiger population.

There are nine sub-species of tigers identified of which four are already
extinct (Seidensticker, 2010). Wilting et al. (2015) supports the recognition
of two distinct evolutionary groups of sub-species of tiger: the Sunda tiger (2.
tigris sondaica) and the continental tiger (P, tigris tigris) (Table 1.1).

Table 1.1
Sub-species of tigers, with their distribution and status

Sub-species | Common name | Distribution Status

Sunda tiger | P tigris Javan tiger Java island of Indonesia Extinct since the
sondaica early 1980s
P. tigris Bali tiger Bali island of Indonesia Extinct in the
balica 1940s
P. tigris Sumatran tiger Sumatra island of Indonesia | Living
sumatrae

Continental | P tigris tigris | Bengal tiger Nepal, Bhutan, Bangladesh, | Living

tiger Burma and India
P. tigris Siberian tiger North East China and Living
altaica Russian Far East
P. tigris South China tiger | South East China Extinct since the
amoyensis 1990s
P. tigris Indochinese tiger | Cambodia, Laos, Chi- Living
corbetti na, Burma, Thailand and

Vietnam

P. tigris Caspian tiger Caspian sea Extinct since the
virgata 1970s
P. tigris Malayan tiger Malay peninsula Living
jacksoni

(Reference: Seidensticker, 2010; Wilting et al,, 2015)

13
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Figure 1.1

Recent (2007) and historic range of the tiger (Dinerstein et al,, 2007).

Tigers maintain large home ranges and exhibit intra-sexual territoriality
(Smith et al., 1989). A study carried out by Smith & McDougal (1991) in
Chitwan National Park, Nepal on reproductive patterns in the local tiger
population showed that the mean age of reproduction for female tigers was
3.4 years and for male tigers 4.8 years. Adult male tigers are about 1.3 to 1.6
times larger than female tigers (Seidensticker & McDougal, 1993). Tiger litter
size varies from 2-5, with an average of 3 cubs, and a gestation period of 103
days (Sunquist, 1981; Smith & McDougal, 1991). Female tigers vocalize and
scent mark extensively during the week prior to estrous. In response, male
tigers could track an estrous female, possibly marking the onset of a period
in which the male and female remain in close proximity and frequently mate
(Smith & McDougal, 1991). Smith & McDougal (1991) suggested that on two
occasions an estrous female was located near the territorial boundary of two
males. This resulted in a fight between the two males and the winner success-
fully mated with the female while the other male left the area permanently
(Smith & McDougal, 1991).

The size of a tiger’s home range can vary from 20 to over 400 km? depending
on the availability of prey (Smith, 1993; Seidensticker & McDougal, 1993). In
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Chitwan National Park, tiger home ranges varied in size from 60-70 km? for
adult males and from 16-20 km? for adult females, with the smallest home
ranges recorded in the wet season, for both males and females (Sunquist,
1981). The distance a female tiger covers at night in this study area was esti-
mated at 10-20 km/night (Sunquist, 1981). In general, dispersing tigers may
travel over 100 km in search for a suitable new home range, with males dis-
persing three times more often than females (Smith, 1993). Female philopa-
try is frequently observed in tigers, with sub-adult females often inheriting
a portion of their natal home range and males generally dispersing longer
distances than females (Smith, 1993; Goodrich et al., 2010). Male and some
female tigers leave their natal areas when they are 19-28 months old.

The tiger is the largest of all living felids. Its morphology reflects adapta-
tions for killing large and potentially dangerous prey either by concealment,
stealth or by sudden attack (Seidensticker & McDougal, 1993; Karanth &
Sunquist, 2000 ). Prey is killed using throat bites, leading to strangulation in
70% of the kills, followed by a neck twist in 14% of the kills, resulting in a cere-
bral fracture (Karanth & Sunquist, 2000). A tigress requires 5-6 kg of meat
per day as a maintenance diet to fulfill her metabolic requirements (Sunquist,
1981). Tiger densities are positively correlated to prey densities, and under
optimal conditions 10% of the available prey within a tiger territory will be
annually consumed (Karanth et al., 2004). The density of tigers in Chitwan
National Park has been estimated at 3.8 tigers/100 km? through camera trap
studies (Dhakal et al., 2014). This is higher than the tiger densities found in
other protected areas, such as Bardia (3.3 tigers/100 km?*) and Suklaphanta
(3.4 tigers/100 km?) (Dhakal et al., 2014). Wegge & Storaas (2009) reported
that the tigers’ main prey species in Bardia were chital Axis axis, hog deer
Awxis porcinus and wild pig Sus scrofa, supplemented by fewer barking deer
Muntiacus muntjac, barasingha Cervus duvauceli and nilgai antelope Bose-
laphus tragocamelus. Tigers in Chitwan National Park were found to prey
heavily on medium- to large-sized large cervids (Kapfer et al., 2011).

In Nepal, three distinct populations of tigers have been identified: the
Chitwan population, the Bardia population and the Suklaphanta population
(Smith et al., 1998). In a recent study carried out on the status of the tiger’s
prey base in Nepal, it was estimated that the tiger population had increased
by 63% over a 5-year period, with an annual growth rate of 12.7% (Dhakal et
al,, 2014). In Bardia, the tiger population was estimated at 18 individuals in
2008/2009 (Karki et al., 2009), growing to an estimated 87 tigers in 2018 (un-
published results).

15
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1.1.4 Leopard ecology

The leopard (Panthera pardus, Linnaeus, 1758) is the most widely distribut-
ed wild felid, with a distribution ranging from sub-Saharan Africa, the Mid-
dle-East, the Far-East, extending northwards to Siberia and southwards to
Sri Lanka and Malaysia (Figure 1.2, Nowell & Jackson, 1996). According to
the IUCN Red list, the leopard is considered Vulnerable (IUCN, 2018). The
Indian leopard (P, p. fusca), with its distributional range restricted to the In-
dian subcontinent, is listed as near-threatened (IUCN, 2018). The leopard
is a habitat generalist, ranging from tropical rainforest to arid savanna and
from Alpine mountains to the edges of urban settlements (Nowell & Jackson,
1996; Dutta et al.,, 2013). In India and Southeast Asia, leopards are found in
all forest types, from tropical rainforest to temperate deciduous and alpine
coniferous forest (up to 5,200 m in the Himalaya), as well as in dry scrub and
grasslands (Nowell & Jackson, 1996). Their ability to inhabit such a variety
of landscape types is largely due to their highly adaptable foraging strategy
(Balme et al., 2007).

— T T

Figure 1.2
Present and historic range of the leopard in Africa and Eurasia [Source: Peter Gerngross, IUCN (2016)].

The leopard now occupies 25-37% of its historic range, but there are differ-
ences between different sub-species (Jacobson et al., 2016). There are nine
sub-species of leopard known (Table 1.2) of which three (P. pardus pardus,
Pp. fusca, and Pp. saxicolor) account for 97% of the leopard’s entire distribu-

16
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tional range, while another three (P. pardus orientalis, nimr, and Pp. japonen-

sis) have each lost 98% of their historical range (Jacobson et al., 2016).

Table 1.2

Sub-species of leopards with their distribution

Sub-species of leopard

Common name

Distribution

P. pardus pardus

African leopard

African subcontinent

P. pardus fusca

Indian leopard

Indian subcontinent: Pakistan, India,
Nepal, Bhutan and Bangladesh

P. pardus saxicolor

Persian leopard

Iran, Irag, Georgia, Armenia, Azerbaijan,
Turkmenistan, Afghanistan, Turkey and
North Caucasus

P. pardus orientalis

Amur leopard

Russian Far East and Northern China

P. pardus nimr

Arabian leopard

Arabian peninsula: Saudi Arabia, Oman,
Yemen, Kuwait, United Arab Emirates,
Israel, Jordan, Lebanon and Syria

P. pardus japonensis

North Chinese leopard

North China

P. pardus melas

Javan leopard

Java island of Indonesia

P. pardus kotyia

Sri Lankan leopard

Sri Lanka

P. pardus delacouri

Indochinese leopard

Mainland Southeast Asia: Myanmar,
Thailand, Malaysia, Cambodia, Laos,
Vietnam and South China.

(References: Miththapala et al., 1996; Upriyanka et al,, 2001; Jacobson et al., 2016).

Leopards are considered as a catholic predator, generally preying on over a

hundred prey species with an average weight of 10 to 40 kg (peaking at 23 kg;
Hayward et al., 2006). A leopard weighs 38 kg (females) to 58 kg (males) (Bai-
ley, 1993; Nowell & Jackson, 1996). The average food intake for a male leop-
ard is 4.3 kg/day and for a female 4.9 kg/day (Odden & Wegge, 2009). Leop-
ards are nocturnal hunters, relying heavily on their good vision and to a lesser

extent on hearing to detect their prey (Sunquist & Sunquist, 2002). Leopards

kill most of their prey (90%) using throat bites, with the nape bite or a nape-

and-throat bite often being used to kill medium-sized prey, such as barking

deer (Muntiacus muntjac) or chital fawns (Karanth & Sunquist, 2000).

Young leopards disperse from their mother when they are 12-18 months old,

becoming reproductively active at the age of 2-3 years (Sunquist, 1983) and

only acquiring a home range when they start breeding (Sunquist & Sunquist,

2002).

17
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In India, leopard densities are highest inside protected areas, e.g. with a den-
sity estimate of 14.99 leopards/100 km? in the Chilla range of Rajaji National
Park (Harihar et al., 2009) and of 23.5 leopards/100 km? in the Sariska Tiger
Reserve (Chauhan et al., 2005).

Leopard home range sizes vary greatly throughout their distributional
range and depend mostly on prey availability (Simcharoen et al., 2008; Odd-
en et al., 2010). In sub-Saharan Africa, home range sizes of 15-16 km? have
been reported in prey rich areas but could cover up to 2,182 km? in areas with
very low prey densities (Bailey, 1993; Bothma & Le Riche, 1984). The home
ranges of three leopards in subtropical forest of Bardia National Park was
estimated using radio-telemetry techniques and was found to be 47.4 km?
for two males and 16.9 km? for one female (Odden & Wegge, 2005). Home
range size also depends on the reproductive status of the female. The small-
est home ranges have been reported for female leopards having cubs of less
than 6 months old (Odden & Wegge, 2005).

1.1.5 Tiger-leopard interactions

Tigers and leopards are sympatric, normally inhabiting the same habitat
with a substantial overlap in the prey species they catch (Seidensticker, 1976;
Lovari et al,, 2015). Tigers prefer habitats with more grassland and higher
landscape connectivity compared to leopards (Carter et al., 2012). The size
of the prey they kill, does differ however, (Seidensticker, 1976), with leopards
generally focusing their foraging efforts on the prey items that are too small
for tigers (Odden et al., 2010). Tigers are mostly ground-dwelling while leop-
ards also frequently use trees as a resting, feeding or venturing point (Seiden-
sticker, 1976). Interspecies competition between tigers and leopards where
they occupy the same habitat, can lead to the displacement of leopards (Odd-
en & Wegge, 2005; Harihar, et al., 2011; Mondal et al., 2012). Leopards are
generally less active when tigers are around, both during the day and night
(Sunquist, 1981). Tigers are more susceptible to heat than leopards and tend
to be more active during early mornings, when it is cooler. Leopards do not
avoid activity during the day, but generally become more active after sunset
(Seidensticker, 1976). When there is sufficient prey to sustain both tigers and
leopards in a certain area, they can co-exist, provided that competitive inter-
actions are limited through spatial and/or temporal partitioning (Lovari et
al., 2015). Although there are several studies covering interactions between
sympatric tigers and leopards, only few study cover the impact of such inter-
actions on human-wildlife conflicts (Bhattarai & Kindlmann, 2012). In gen-
eral, tigers prefer less disturbed areas located further away from human set-
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tlements, while leopards seem to be more resilient to disturbances; in some
areas (e.g. Maharashtra in India) leopards are surviving despite spending a
considerable part of their daily activities inside or around human settlements
(Athreya et al., 2013).

Nevertheless, whenever both species are ranging in close proximity to local
human communities and their livestock the risks of conflicts arising from
this are higher (Harihar et al., 2011). Such inter-species dynamics thus not
only influence population numbers of the interacting species, they could al-
soplay a significant role in the onset of conflicts with humans.

In a study carried out over a period of four years in the Chilla range of Rajaji
National Park, India, increasing numbers of tigers (from 3.31 per 100 km? to
5.81 per 100 km?* Harihar et al., 2011) not only caused the leopard popula-
tion to decrease (from 9.76 per 100 km?to 2.07 per 100 km?), it also initiated
a shift in diet of leopards towards more domestic prey (from 6.8% to 31.8%)
and towards smaller prey (from 9% to 36%) (Harihar et al., 2011).

Figure 1.3 shows different types of interactions in a protected area of a hu-
man dominated landscape. In order to better understand the extent to which
interactions between tigers and leopards are causing conflict situations, we
will be taking a broad set of independent factors into consideration.

A

Tiger
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Chapter 2 Prey
\ 4
Chapter 4 ] Chapter 5 ]
Leopard > Conflict > Attitude
A
Chapter 5
Others Socio-economic
(Elephant) factors

Figure 1.3

Conceptual research framework describing the conflict situation in Bardia National Park.
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Research aims and objectives

1.2.1 Research aims

The overall aim of my research is to investigate and analyze to what extent in-
teractions between sympatric tigers and leopards contribute to conflicts with
humans. I chose the Bardia National Park and its surroundings as my study
area, since preliminary results there suggest that tiger numbers are increasing
as a result of recent conservation efforts (Dhakal et al., 2014). With respect to
interactions with humans I expect to find similar results as in Chitwan Nation-
al Park, where conflicts increased in response to a rise in tiger numbers.

1.2.2 Objectives

The specific objectives are:

1 To determine the spatial and temporal overlap in the activity of tigers and
leopards.

2 To assess the diet composition and prey preferences of tigers and leopards.

3 To assess spatial and temporal patterns in conflict incidences around
Bardia National Park.

4 To examine the perception and attitudes of local communities towards
conservation in general and towards big wild cats in particular, and the im-
plications thereof for the long-term conservation of tigers and leopards.

1.2.3 Research Questions

This study seeks to answer the following questions:
1 To what extent do activity patterns of tigers and leopards overlap in space
and time?
2 What type of prey do tigers and leopards prefer, and is this related to con-
flicts with humans?
3 Do human-wildlife interactions around Bardia National Park change in
space and time?
a What wildlife species are causing conflicts?
b How much money is spent on compensation schemes (compensation
paid on real price)?
¢ What is the perception of local communities on how to manage the
conflict situation?
4 How can risks of predatory attacks around protected areas be defined and
what are the implications for their conservation status?
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1.3 Study area

Study area

1.3.1 Nepal

Nepal is a landlocked country that lies between 80°4’ to 88°12 East longi-
tude and 26°22’ to 30°27’ North latitude, surrounded by the two most dense-
ly populated countries of the world: India (along the Eastern, Western and
Southern border) and China (along the Northern border). Covering 147,181
km?, Nepal is located in the central Himalayan region. It extends roughly 885
km from East to West and between 145-241 km from North to South. The
climate varies with topography and altitude to include tropical, mesother-
mal, microthermal, taiga and tundra types of climate. The extensive altitudi-
nal range (70-8,848m) is the main contributing factor to the great variety of
habitats and the very rich biodiversity, all within a relatively short horizontal
range of about 200 km (Acharya et al., 2016). Nepal includes twenty protect-
ed areas, largely situated in the Terai region and high Himalayas (Figure 1.4).
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Protected areas of Nepal (DNPWC, 2017).
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1.3.2 Bardia National Park

Bardia National Park (IUCN, Category II) is located in the South-western
part of Nepal (N: 28.2630 to 28.6711; E: 80.1360 to 81.7645), in Province 5.
It is the largest park in the lowland Terai, covering an area of 968 km? The
park was originally established as a hunting reserve in 1969. In 1976 an area
of 368 km? was officially named the Royal Karnali Wildlife Reserve and re-
named in 1982 as Bardia Wildlife Reserve. In 1984 the park was expanded
to the current size with the inclusion of Babai valley. Finally, the park was
upgraded to the status of National Park in 1998 (Brown, 1998). The park con-
sists of two distinct units: the Karnali flood plain and the Babai valley. The
Karnali flood plain covers the western side of the park and is rich in biodiver-
sity, whereas Babai valley is a wilderness zone comprised of alluvial grassland
and forests, covering more than 50% of the park (Chanchani et al., 2014).
The Bardia National Park is part of the Terai Arc Landscape (TAL), one of
the most important landscapes for tiger conservation, and was recognized as
such in 2001 when it was designated as the number one tiger conservation
unit by the Government of Nepal and WWF Nepal (Wikramanayake et al.,
2004). The park was however identified as a poaching hot spot, when DNA
forensic analysis from seized tiger parts revealed that six out of fifteen tiger
parts originated from the Bardia tiger population (Karmacharya et al., 2018).

Bardia National Park is home to several flagship species, including tiger and
leopard but also Asian elephant and Indian rhinoceros. It has been estimat-
ed that the tiger population of Bardia has increased from 18 in 2009 to 87 in
2018. The current prey base of Bardia is suggested to be sufficiently large to
support a population of 100 tigers, assuming 10% removal per year (Karki et
al., 2016). The current estimated population of 87 tigers in Bardia is therefore
expected to grow, provided that other conditions for their survival remain
optimal. Although information on leopard population dynamics for Bardia
are lacking, other studies in similar habitat suggest that leopards occur at
densities of approximately 14.99 individuals/km?* (Harihar et al., 2009). Stud-
ies in other protected areas also showed that when both tigers and leopards
share the same habitat, leopards are often displaced to the fringe of the pro-
tected area (Harihar et al., 2011; Mondal et al., 2012). Whether this is also
the case for Bardia National Park, where prey is generally abundant, is part
of the main objectives of the present research. I have chosen Bardia National
Park for this study because the numbers of tigers are increasing as a result of
implementation of better management practices.
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Bardiya

Figure 1.5

Surkhet

Bardia National Park showing the buffer zone and the Khata corridor (source: wwfnepal.org).

1.3.3 Geomorphology and climate

The park consists of three ecological zones, on the southern flank of the
Himalayas: siwalik hills, bhabhar zone and the Terai plains (Shrestha, 2004).
The siwalik hills are an uplifted ridge system formed from the debris brought
down from the main Himalayas and runs along the base of the Himalayas. It
is composed of coarsely bedded stone, crystalline rocks, clays and conglom-
erates. The soils are young and very shallow and exposed to greater erosion
levels (Bhattarai, 2009). The bhabar is formed by the deposit of coarse mate-
rial brought down by the Himalayan rivers along the foothills of Siwalik. The
bhabar is characterized by a low ground water table because the deposits are
primarily boulders which make them porous. This zone is not suitable for
agriculture and is characterized by large tracts of forests (Bhattarai, 2009).
The Terai plains, which are situated South of bhabar, hold a river basin and
consists of fine alluvial soil with a high ground water table (Shrestha, 2004).
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The climate of Bardia National Park is subtropical monsoonal, with rain from
June to early October, a cool dry season from late October to late February
and a hot and dry season from March to mid- June. The temperature ranges
from 10°C in January to 41°C in May, with an average rainfall of 1500mm (Di-
nerstein, 1979). The altitude of the park ranges from 152m to 1441m above
sea level (Dinerstein, 1979).

1.3.4 Flora and fauna of Bardia

Seven major vegetation types have been identified in Bardia National Park,
four of which are forests and three are grasslands. The forest vegetation
types include: Sal forest, Khair-Sisso forest, Riverine forest and Hardwood
forest (Dinerstein, 1979). The grasslands include: Wooded grassland, Phan-
ta and Tall floodplain grassland (Dinerstein, 1979). The Phanta (grassland)
of Bardia includes: Baghaura, Khauraha, Lamkauli, Sanoshree, Thuloshree,
Chepang and Guthi (Chanchani et al., 2014). About 70% of the forest consists
of Sal forest, with a mixture of riverine forest and grassland (DNPWC, 2018).

More than 30 different mammals and 230 species of birds have been record-
ed in the park (DNPWC, 2018), among which are the iconic, endangered
tiger, Asian elephant, Indian rhinoceros, swamp deer and black buck (Anti-
lope cervicarpa). Species that have been identified in the park as major prey
species for tigers and leopards include chital (Axis axis) which is the most
abundant medium-sized prey, followed by hog deer (Axis pornicus), muntjac
(Muntaicus muntjak) and wild boar (Sus scrofa) (Wegge et al., 2009). The
larger species of prey ungulates include barasingha (Cervus duvauceli), nilgai
(Boselaphus tragocamelus) and sambar (Cervus unicolor) which are present
in lower densities (Wegge et al., 2009). The tiger prey base density in Bardia
National Park was estimated at 92.6 animals/km?, which is the highest in Ne-
pal as compared to other national parks (Dhakal et al., 2014).

1.3.5 The buffer zone of Bardia National Park

The buffer zone of Bardia National Park was established in 1996 with an area
of 327 km? which was later on extended by adding 180 km? of the Surkhet
district, finally expanding its surface area to 507 km?in 2010. It now includes
forest patches, agricultural land, river and water bodies, settlements, a cul-
tural heritage village and other forms of land use (Budathoki, 2003). The
buffer zone provides benefits to both villagers and wildlife: villagers harvest
forest products from the buffer zone community forests and wildlife uses it
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1.4 Structure of the thesis

as extended habitat, as a refuge, and as a movement corridor (Budathoki,
2004). The buffer zone encompasses three districts: Bardia, Banke and Sur-
khet (DNPWC, 2018). Approximately 30 to 50% of the revenue generated
by the protected area is invested in local communities residing in the buff-
er zone (Baral & Heinen, 2007). These investments are intended to support
conservation and alternative livelihood activities, and are based on the pri-
orities that have been established through an approved management plan
(Heinen & Mehta, 2000; Baral & Heinen, 2007).

Structure of the thesis

This PhD dissertation is based on articles and is divided into six chapters.
The individual chapters two to five are either published or in the process of
publication in scientific journals. References of all the chapters are grouped
together and presented at the end of the thesis.

Chapter one mainly focuses on the theoretical background of my study,
stressing the need to fill theoretical gaps. The literature review in the intro-
duction provides a basis for the description of the aim of my study and my
research questions, which are followed by a description of the study area.

Chapter two mainly focuses on spatial and temporal interactions between
leopards and tigers. Camera trap data from 2013 and 2016 are used to study
the level of interaction between the two species. The ‘overlap’ package is used
to determine temporal overlap between the two species. This article is cur-
rently under review in the Journal of Tropical Ecology.

Chapter three describes the diet and prey preference of male and female
tigers. DNA analyses were performed to confirm the individual’s species
and sex. Microscopic hair analysis of prey species was done to determine
the prey species that had been consumed. This study has been published
as journal article in Tropical Conservation Science, 2018, Vol 11, DOL
10.1177/1940082918799476.

Chapter four describes the spatial and temporal patterns of human-wildlife
conflicts in Bardia National Park over a period of five years. We looked at
variations in conflict incidence over time and in relation to moon phase. We
also studied spatial patterns of conflict in different sub-regions of the buffer
zone. This article is submitted to the Journal of Wildlife Management.
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Chapter five provides an overview of the probabilities of livestock loss using
a general linear model. The perceptions and attitudes of people living in the
different sectors of the buffer zone of Bardia National Park are investigated
by means of a questionnaire survey. This article is accepted for publication in
the journal Oryx (13 November, 2018).

Chapter six covers the synthesis and integrates all chapters of this study. It
also formulates strategies and suggestions for the successful management of
co-existing tigers and leopards, and general recommendations for managing
the human-wildlife conflict in the region as a whole, and for Bardia National
Park specifically.
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Abstract

We studied spatiotemporal activity patterns between tigers (Panthera tigris)
and leopards (Panthera pardus) in Bardia. For this we used camera trap data
from 2013 and 2016 which were placed inside grid cells of 2 x 2 km. We di-
vided the park surface into a core zone and a boundary zone. We hypothe-
sized that leopards are pushed towards the park boundary, which could be
caused by the increase in tiger abundance in the core zone of the park. First,
we tested if there is spatial avoidance between the two species. Second, we
analyzed the temporal overlap and temporal activity between different time
periods of the day to detect temporal avoidance. We found that there was
a significant level of spatial avoidance between the two species in the core
zone grid cells whereas in the boundary zone grid cells no such avoidance
was detected. The overall temporal overlap was around 0.8 in both core zone
and boundary zone grid cells, which is substantial. When all grid cells for the
entire park were incorporated, the Fisher’s test showed that temporal pres-
ence of leopards in grid cells where both leopard and tiger are present is
significantly different from the activity of leopards in grid cells where tigers
are absent. For the core zone specifically however, the presence of tigers was
not significantly different in grid cells with the leopard in the core zone. The
activity of the tigers in the boundary zone was significantly different when
the leopard was present, while the activity of leopards did not change. Our
findings suggest that leopards avoid tigers spatially and that leopards avoid
tigers temporally in the core zone, but this pattern is different near the hu-
man-dominated area i.e. in the boundary zone.

Keywords

avoidance, boundary zone, camera traps, competition, core zone, species
interaction, top predators.
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2.1 Introduction

Introduction

Top predators have been described as a flagship or umbrella species for their
role in biodiversity conservation and maintaining a healthy ecosystem (Mor-
rison et al., 2007; Ripple et al., 2014). The species interactions responsible
for maintaining ecological integrity are eroding as animal populations are
declining due to over-exploitation or habitat loss (Steinmetz et al., 2013).
Managing populations of large carnivore species that are threatened, but in
competition with each other, presents a conservation challenge over species
prioritization (Rayan & Linkie, 2016).

Some studies pointed out that in optimal habitat, with sufficient prey, in
combination with low densities of leopards and tigers, both predators can
successfully co-exist, even with a certain overlap in spatiotemporal activity
(Amarasekare, 2008; Lovari et al., 2015; Ramesh et al., 2012). In areas of high
tiger density, tigers generally out-compete leopards and in extreme cases, ti-
gers have been observed to attack and kill leopards (McDougal, 1988; Mon-
dal et al., 2012b). Karanth & Sunquist (2000) reported leopards showing be-
havioral avoidance of tigers by hunting at different times of the day. Harmsen
et al. (2009) pointed out from their study on puma (Panthera concolor) and
jaguar (Panthera onca) that there was spatial overlap but no temporal overlap
among them.

Some other studies also indicate that leopards avoid tigers in time and space
(Odden et al., 2010; Steinmetz et al., 2013). Spatial segregation between tigers
and leopards could be attributed to a general ecological dominance of tiger
over leopard (Steinmetz et al., 2013). Intra-guild competition over prey has
been reported to result in a change in feeding behavior (McDougal, 1988;
Mondal et al., 2012b; Palomares & Caro, 1999; Ramesh et al., 2017). In this
process, subordinate members of the guild have evolved activity patterns that
minimize overlap with dominant predators (Hayward & Slotow, 2009). Sei-
densticker (1976) and Seidensticker et al. (1990) suggested that leopards con-
sequently avoid areas frequented by tigers and often occupy the periphery of
parks close to human settlements. As a catholic predator with a large prey
base, leopards can adapt to a wide range of habitats, even in close proximity
to human settlements (Athreya et al., 2013).

In Bardia National Park (henceforth Bardia) the number of tigers has been
increasing since 2009, when about 18 tigers had been recorded. In 2014 their
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number had increased to 50 individuals (Dhakal et al., 2014) and to 87 in
2018 (unpublished results).

In the present study we test the hypothesis that leopards would actively avoid
tigers in Bardia as a consequence of this increase in tiger numbers. Due to
the elusive nature of the tiger and leopard, which makes research based on
direct observations impracticable, we used a presence and absence record
in grid cells by compiling camera trap data from 2013 and 2016. We tested
the following hypotheses: (1) activities of tigers and leopards show distinct
patterns when comparing the year 2013 to 2016; (2) activity patterns of tigers
and leopards are characterized by spatiotemporal variation; and (3) popula-
tions of tigers and leopards show different levels of overlap in the core zone
versus the boundary zone of Bardia.

We expected that with the increase of tigers inside the park leopards are
pushed towards the park edges. The results of this study are expected to pro-
vide a scientific basis for ecological restoration efforts for tigers and leop-
ards. They could be used by e.g. park officials to formulate actions which
would promote successful co-existence of these two apex predators in a hu-
man-dominated landscape.

Methods

2.2.1 Study Area

This study was carried out in Bardia which covers a surface area of 968 km?.
The buffer zone of the park covers an area of 507 square km (Figure 2.1).
This park is one of the major sites for the conservation of large carnivores
and is designated under category II by IUCN. The park is part of the Terai
Arc Landscape (TAL), a trans-boundary tiger conservation landscape in In-
dia and Nepal, and is regarded as a level-1 tiger conservation unit (Wikra-
manayake et al., 2008). Carnivorous mammals present in the park include
large carnivores (tiger and leopard) and meso-carnivores: grey wolf (Canis
lupus), striped hyena (Hyaena hyaena), golden jackal (Canis aureus) and fox
(Vulpes vulpes). The two major rivers flowing inside the park, Karnali river
in the west and Babai river in the east, have created an alluvial floodplain
grassland that is rich in biodiversity (Bhattarai & Fischer, 2014). Prey species
in the park include chital (Axis axis), which is most abundant followed by hog
deer (Axis pornicus), muntjac (Muntaicus muntjak) and wild boar (Sus scro-
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fa) (Wegge et al., 2009). Larger prey ungulates which occur in lower densities

include barasingha (Cervus duvauceli), nilgai (Boselaphus tragocamelus) and
sambar (Cervus unicolor) (Wegge et al., 2009). The overall density of prey
species is 92.6/km? with chital at 53.99/km? sambar at 4.45/km?, wild boar
at 4.79/km?, muntjac at 1.97/km?, rhesus monkey (Macaca mulatta) at 5.47/
km?and langur (Semnopithecus entellus) at 21.35/km? (Dhakal et al., 2014).

The vegetation in Bardia National Park, mainly consists of Sal forest Shorea
robusta and patches of grasslands dominated by Imperata cylindrica. Along
the river alluvial tall grassland and variety of successional forest type is dom-
inating (Odden, 2004). The forest types included: Sal forest, Khair-Sisso for-
est, Riverine forest and Hardwood forest (Dinerstein, 1979).

The land included forest patches, river and water bodies, agricultural lands,
settlements, cultural heritages, village open space and other types of land use
(Budhathoki, 2003). Subsistence farming is practiced by villagers in which
crop production is supplemented by the use of forests and grasslands for
livestock grazing (Studsred & Wegge, 1995).

#0E BHE #"MWE #1"$rE

Figure 2.1
Study area showing the core zone and the boundary zone.
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2.2.2  Study species

Tigers and leopards are sympatric in most of their shared habitat type, which
mainly includes woodland and grassland with patches of thick vegetation
(Seidensticker, 1976). Tigers and leopards coexist in the riverine forest and
tall-grass vegetation of the Terai (Seidensticker et al., 2015). Co-existence of
tigers and leopards are often associated with low densities of both species
(Linnell & Strand 2000)

Leopards generally feed on small (< 50 kg) to medium-sized (50-100 kg) prey
and other smaller prey items that are too small for tigers (Odden et al., 2010).
Tigers generally feed on medium to larger (>100 kg) prey species. Nonethe-
less, tigers and leopards can prey on different size classes of the same species
(Seidensticker et al., 2015). Where large prey occurs at very low densities,
tigers have been observed to switch to smaller prey species, which could lead
to more intense competition with leopards over prey (Stoen & Wegge, 1996;
Odden et al., 2010).

2.2.3 Data collection

Our study is based on camera trap data collected during 2013 and 2016 by the
Department of National Parks and Wildlife Conservation (DNPWC) in tech-
nical collaboration with the National Trust for Nature Conservation (NTNC)
and World Wildlife Fund (WWF), Nepal. In 2013, the camera trapping sur-
vey covered 72 days (17 February - 28 April 2013) with cameras placed at 238
locations, or the equivalent of 3570 trap nights. In 2016, the camera trapping
survey covered 71 days (18 January- 28 March 2016) during which cameras
were placed at 264 locations, or equivalent of 4215 trap nights.

The survey area was selected based on intensive sign survey prior to the de-
ployment of camera in order to identify potential survey sites to increase
probability of a tiger or a leopard being photographed. The study was done in
the dry season mostly due to better accessibility of the study area and better
visibility as a result of reduced vegetation cover. The survey area covered the
whole park area including part of the buffer zone as well as the corridors, and
was divided into grid cells of 2 x 2 km. A total of 238 grid cells were surveyed
in 2013, with 175 grid cells in the core zone and 63 grid cells in the bound-
ary zone. Grid cells which were at least partly extending beyond the park
boundary were marked as boundary zone (henceforth BZ) grid cells. Grid
cells which were located entirely inside the park boundaries were assigned as
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core zone (henceforth CZ) grid cells. In 2016, 264 grid cells were surveyed, of
which 175 grid cells in the core area and 89 grid cells in the boundary zone.
A pair of motion sensor digital cameras (Bushnell Trophy Cam HD, Recon-
yx HC500 and HC550) facing each other, spaced at a distance of 6-8 m, was
placed in each cell. The cameras were mounted on trees or wooden poles
45 cm above the ground, and placed on either side of the game trails, forest
roads, and riverbeds without using a lure, for a period of 15 days at each grid
cell (Dhakal et al., 2014). The CZ grid sample size was 175 for both 2013 and
2016 whereas 63 grids and 89 grids were sampled in the BZ in 2013 and 2016
respectively.

2.2.4 Spatial overlap

The presence of tigers and leopards in the designated grid cells was analyz-
ed by camera capture records. Presence was scored for each tiger or leopard
captured by the camera. To determine the presence of any spatial overlap we
analyzed the data presented in Table 2.1. We performed a Chi-square test to
analyze the level of spatial overlap between tigers and leopards.

2.2.5 Temporal overlap

Temporal overlap between tigers and leopards was calculated by compar-
ing the times at which individual leopards and tigers had been captured on
camera in the CZ versus the BZ. For estimations of inter-specific temporal
interactions between tigers and leopards, two strategies were followed. For
the first strategy, the temporal activity (diel time scale) was estimated us-
ing the non-parametric circular kernel-density function of activity derived
from the camera trap captures and the coefficient of overlap (Dhat) to meas-
ure the extent of overlap between two kernel-density estimates (Carter et
al,, 2015; Linkie & Ridout 2011; Ridout & Linkie, 2009). The coefficient of
overlap ranges from 0 (no overlap) to 1 (complete overlap). Overlap was de-
fined as the area under the curve, taking the minimum of two kernel-density
estimates at each point in time (Carter et al., 2015). As per the recommenda-
tion by Meredith & Ridout (2018), we used a coefficient of overlap estimator
Dhatl when the sample size was less than 50 and Dhat4 when the sample
size was more than 75. For estimating the overlap, the time span for each
independent detection was pooled to 30 minutes (only photographs taken
at an interval of at least 30 minutes at one camera trap location were used)
(Linkie & Ridout, 2011). We calculated the 95% confidence interval index
using smoothed bootstrap with 10,000 resamples (Carter et al., 2015; Linkie
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& Ridout 2011; Meredith & Ridout, 2018). We performed a density overlap
test with (1) all grids of 2013 and 2016 combined, (2) grids of CZ of 2013
and 2016 combined, (3) grids of BZ of 2013 and 2016 combined. Temporal
overlap analysis was performed in R using the ‘overlap’ package (Meredith &
Ridout, 2018).

For the second strategy, we combined 2013 and 2016 data and compared the
temporal activity of tigers and leopards within certain periods of the day.
Grid cells were marked as ‘overlap grids’ whenever both tiger and leopard
were present and ‘non-overlap grids’ when either tiger or leopard was pres-
ent. We did this comparison also for grid cells of CZ and BZ separately. For
testing the temporal overlap, we divided the 24 hours of a day into dawn
(05h01-08h00), day (08h01-17h00), dusk (17h01-20h00) and night (20h01-
05h00), and counted the number of grid cells in which either tiger or leopard
was caught on camera trap during these periods. We tested differences in
activity with the Fisher’s exact test. All statistical tests were performed in R.

23 Results
Table 2.1 provides a summary of tiger and leopard presence. We observed an
increase in camera trap captures of tigers and a decrease in captures of leop-
ards in 2016 compared to 2013.
Table 2.1
Number of camera trap grid cells showing tiger and leopard presence or absence during 2013 and
2016.
Number of grids 2013 2016
Tiger
Absent Present Sum Absent Present Sum
Absent 96 97 193 110 115 225
Leopard Present 29 16 45 25 14 39
Sum 125 113 238 135 129 264
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Leopards were captured in 18.9% of the grid cells in 2013 and in 14.8% of
the grid cells in 2016. Tigers were captured in 47.5% of the grid cells in 2013
and in 48.9% of the grid cells in 2016. Concurrent presence of both tiger and
leopard was recorded for 6.7% and 5.3% of the grid cells in 2013 and 2016, re-
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2.3 Results

spectively. In 40.3% and 41.6% of the grid cells in 2013 and 2016, respectively,
neither tiger nor leopard had been captured.

2.3.1 Spatial overlap of activity between tigers and leopards

After classifying grid cells as either core zone (CZ) or boundary zone (BZ), a
significant level of spatial avoidance was found between tigers and leopards
in the CZ grid cells of the park, but not in the BZ grid cells. In 2013, spatial
overlap between tigers and leopards was recorded in five CZ grid cells (2.9%)
and in 11 BZ grid cells (17.5%). In 2016, spatial overlap was observed in six
CZ grid cells (3.4%) and eight BZ grid cells (9.0%).

Spatial overlap between tigers and leopards in 2013 versus 2016 and for each zone (T1: tiger pres-
ence, TO: tiger absence, L1: leopard presence, LO: leopard absence, df: degree of freedom; p-value of
Chi-square test shown).

Year  A(L1/T1) B(LO/T1) C(L1/T0) D(LO/TO) Sum X df p-value
Whole park (All grid cells combined):

2013 16 97 29 96 238 3.16 1 0.075
2016 14 115 25 110 264 3.08 1 0.079
Difference between years 1.57 3 0.667
Grid cells in CZ:

2013 5 75 20 75 175 777 1 0.005
2016 6 88 14 67 175 5.11 1 0.023
Difference between years 2.64 3 0.451
Grid cells in BZ:

2013 11 22 9 21 63 0.08 1 0.777
2016 8 27 11 43 89 0.08 1 0.780
Difference between years 4.43 3 0.219

There was spatial overlap between tigers and leopards in both years, with
greater overlap (p=0.219) in the BZ grid cells compared to the CZ grid cells
(p=0.451). There was no difference between years in the number of presence/
absence grid cells for leopards and tigers in the CZ and BZ (Table 2.2). When
testing how the presence of leopards is different when tigers are present and
vice versa, we found a significant difference between 2013 and 2016 for the
CZ grid cells (p = 0.005, p = 0.023, Table 2.2).
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2.3.2 Temporal overlap of activity between tigers and leopards

Coefficient of overlap

2013 2016 2013 & 2016

Figure 2.2
Temporal overlap with smoothed bootstrap confidence interval (95%) in all grid cells
combined.

We found a considerable temporal overlap in tiger and leopard activity in
both 2013 and 2016. Although the overlap estimator shows that the overlap
in temporal activity between tigers and leopards had slightly (A=0.82) de-
creased in 2016 as compared to 2013 (A=0.87) for both zones combined, it
showed an increase for the BZ in 2016 (A=0.83). The lowest temporal activ-
ity overlap between tigers and leopards was recorded in overlap grids dur-
ing 2016 (A=0.69) and the highest in combined grids during 2013 and 2016
(A=0.88) (Table Appendix 2.1).
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a) Activity curves of tigers in the absence of leopards, b) Activity curves of leopards in the absence of tigers, c) Ac-
tivity curves of leopards and tigers in combined grid cells of 2013 and 2016, d) Activity curves of tigers in the CZ in
the absence of leopards, e) Activity curves of leopards in the CZ in the absence of tigers, f) Activity of leopards and
tigers when both were present in combined grid cells of the CZ for 2013 and 2016, g) Activity curves of tigers in the
BZ in the absence of leopards, h) Activity of leopards in the BZ in the absence of tigers and i) Activity of leopards and
tigers when both were present in combined grid cells of the BZ for 2013 and 2016. The coefficient of overlap is equal
to the area below both curves, shaded grey in the diagram.
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Table 2.3

The activity of tiger in the ‘tiger only’ grid cells shows that they were most
active during dawn and dusk, with less activity during the daytime for both
zones combined (Figure 2.3a) as well as in the CZ (Figure 2.3d) while they
were most active at night with less activity during the daytime in the BZ (Fig-
ure 2.3g). The activity of leopards in ‘leopard only’ grid cells shows that leop-
ards were also active at dawn while less activity was seen during the dusk pe-
riod for both zones combined (Figure 2.3b) and in the CZ (Figure 2.3e), and
that leopards were more active than tigers during dawn and dusk but slightly
less active during the daytime in the BZ (Figure 2.3h).

In general, leopards were more active during the daytime compared to tigers
(Figure 2.3b). There was no significant difference in activity between tigers
and leopards for grid cells where both tigers and leopards were present (Fig-
ure 2.3¢); both tigers and leopards were more active during the night. There
was a marked difference in activity between tigers and leopards in the overlap
grid cells of the CZ, with leopards being more active during the day (Figure
2.3f). In the overlap grid cells of the BZ, leopards were more active during
dawn and dusk and tigers were more active during the night (Figure 2.3i).

Fisher’s exact probability test comparing the number of times leopards and tigers were captured on

camera in different time periods (dawn, day, dusk and night) between overlap grids and non-overlap
grids and between CZ and BZ. More detailed data on each specific Fisher’s test is provided in Table

Appendix 2.2.

Temporal activity (2013 and 2016 combined grid cells) Fisher’s test
Leopard Tiger

Overlap grid cells and non-overlap grid cells of the park 0.097 0.321

Overlap grid cells and non-overlap grid cells of CZ 0.024 0.975

Overlap grid cells and non-overlap grid cells of BZ 0.420 0.072

Overlap grid cells of CZ and overlap grid cells of BZ 0.386 0.429

Non-overlap grid cells of CZ and non-overlap grid cells of BZ 0.146 0.131
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Leopard activity during dawn, day, dusk and night was significantly differ-
ent in overlap grid cells versus non-overlap grid cells of the CZ (p= 0.02,
Table 2.3). The temporal presence of tigers was significantly different when
comparing overlap and non-overlap grid cells of the BZ (p = 0.07, Table 2.3).
None of the other comparisons of temporal activity data showed any signif-
icant differences.
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2.4 Discussion

Discussion

Our findings suggest that with the increasing number of tigers, especially in
the core zone of the park, leopards may have started to show a certain level
of avoidance by moving towards the park boundary, which is in support of
our hypothesis (Harihar et al., 2011; Mondal et al., 2012b; Odden & Wegge,
2005). Our results are comparable with those of Rayan & Linkie (2016) who
found that leopards avoided tigers on a fine spatial scale in areas with high
tiger and prey density, mainly in the central area of a park in Malaysia. Linnell
& Strand (2000) confirmed that certain species of carnivores may be forced
to avoid habitats used by a more dominant carnivore. In our study leopard
seemed to avoid tigers in the CZ, which is in accordance with earlier findings
from Bardia (Odden et al., 2010) and Chitwan National Park (Carter et al.,
2015). Although we did not find any changes in this avoidance between 2013
and 2016, the lower camera capturing rate for leopards in combination with
the higher capturing rate for tigers between both years do suggest a gener-
al negative presence correlation between both species. Most of the tempo-
ral overlap in activity pattern between tigers and leopards in both 2013 and
2016 took place at night in both the CZ and BZ of the park. Tigers showed
a bimodal peak of activity, with a peak from midnight until early morning
and a peak just after sunset (Azlan & Sharma, 2006). This finding calls for
further investigation, as it is different from results presented by e.g. Kawani-
shi & Sunquist (2004), who found that tigers and leopards in Taman Negara
National Park, Malaysia were more diurnal than nocturnal and their activity
pattern overlapped with crepuscular/diurnal prey species. Our finding that
leopards in Bardia were more diurnal compared to tigers is in accordance
with earlier findings (Azlan & Sharma 2006; Steinmetz et al., 2013) from
leopards and tigers in Malaysia and Thailand. This suggests that leopards
can co-exist with tigers by shifting their activity pattern (Seidensticker, 1976).
Further, leopards become less active when tigers are around, both during the
day as well as during the night time (Sunquist, 1981).

The temporal overlap between tigers and leopards we found, could have been
facilitated by the abundant prey of various sizes present in Bardia, as was
also suggested to be the case in Chitwan (Carter et al., 2015). Mondal et al.
(2012a) suggest that when tigers and leopards are present in the same habi-
tat, leopards would target the smaller females or fawns of large ungulate prey,
while tigers would more often hunt the adult males of such larger ungulate
species. However, in areas of low prey density leopard closely track prey as
well as avoid tiger (Steinmetz et al., 2013).
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We found that the level of temporal overlap near the park boundary was
higher in 2016 compared to 2013. This may be a result of the growing tiger
population in Bardia. The high temporal overlap in activity between the two
cat species (Dhat4 >0.7) suggests that if tigers and leopards share the same
forested habitat, their temporal activity is not driven by behavior aimed at
avoidance (Karanth & Sunquist, 2000). Mondal et al. (2012a) also suggested
that in order to co-exist with tigers, leopards either decreased their niche
breadth or shifted to areas where tigers were absent.

Our research suggests that at least some mutual avoidance between tigers and
leopards occurs, although not visible from the overlap coefficient (Dhat4).
The proximity of human settlements in the BZ grids may have contributed
to the avoidance we found for tigers. Another explanation could be that the
tigers that were captured on camera in the BZ were mainly sub-adult tigers
that may have been displaced from their core home range or could be too
young and inexperienced to compete with leopards (e.g. Kolipaka et al. 2017).

As home ranges and prey availability change with season for both tigers and
leopards (Odden & Wegge, 2005; Kapfer et al., 2011), the spatiotemporal ac-
tivity pattern of the two sympatric carnivores could change accordingly if
captured during a different time of the year. Although our study only covered
the dry season, mostly due to better accessibility of the study area and better
visibility as a result of reduced vegetation cover, a year-round study could
help to determine whether or not spatiotemporal activity patterns are sea-
sonally dependent.

The camera traps were primarily used for estimating the number of tigers
in the national park and therefore were put in places where there was a fre-
quent movement of tigers. This may have resulted in an underestimation of
leopard presence and may have enhanced the ‘avoidance effect’ we found for
leopards.

For park management to be effective and for top predators to successfully
co-exist, effective protection measures, targeted at both the predator spe-
cies and its habitat, should be formulated and enforced. In order to achieve
this, the effects of interspecific interactions, such as described in this chapter,
should be taken into consideration. The knowledge that leopards, at least to
some extent, are being displaced by tigers in Bardia could help to predict the
effect of top predators on each other, especially when certain populations are
increasing (Sunarto et al., 2015).
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Table Appendix 2.1
Temporal overlap estimates for different years and grids. Approximate 95% bootstrap
confidence interval of overlap estimates are also shown (OL-overlap grids; NOL-non-over-

lap grids).
Grids Overlap estimates 95% bootstrap Overlap
confidence interval estimator
2013 All 0.87 0.78 -0.95 Dhat4
2016 All 0.82 0.71-0.92 Dhat4
2013 & 2016 All 0.88 0.81-0.94 Dhat4
2013 CZ 0.80 0.67-0.92 Dhat4
2016 CZ 0.76 0.62-0.90 Dhat4
2013 & 2016 CZ 0.81 0.71-0.90 Dhat4
2013 BZ 0.76 0.62-0.87 Dhat4
2016 BZ 0.83 0.67-0.97 Dhat4
2013 & 2016 BZ 0.83 0.73-0.92 Dhat4
2013 0L 0.79 0.63-0.92 Dhat1
2016 OL 0.69 0.49-0.87 Dhat1
2013 & 2016 OL 0.79 0.65-0.91 Dhat4
2013 & 2016 NOL 0.81 0.72-0.90 Dhat4

Table Appendix 2.2
Temporal overlap between tigers and leopards in the overlap and non-overlap grids of park, CZ and
BZ over different periods of the day (dawn, day, dusk and night).

Grids Tiger Leopard
Dawn  Day Dusk  Night Dawn  Day Dusk  Night

Overlap- Park 23 11 16 65 5 10 13 28
Non-overlap- Park 79 66 101 296 18 20 12 32
Overlap- CZ 8 5 9 23 1 2 3 13
Non-overlap- CZ 66 51 76 210 11 17 8 16
Overlap- BZ 15 6 7 42 4 8 10 16
Non-overlap- BZ 13 15 25 86 6 3 5 14
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Abstract

We studied the diet composition and prey preferences of tigers (Panthera
tigris tigris Linnaeus, 1758) in Bardia National Park, Nepal using DNA based
techniques from their scat samples. Remains of prey species in scats were
identified through microscopic hair morphology analysis. Out of 101 scats,
DNA was extracted from 84 samples and 75 were assigned to tigers (34-males
and 41-females). We found seven and six prey species in the diet of male tiger
and female tiger, respectively. The diet of male and female tigers did not dif-
fer significantly, with chital (Axis axis Erxleben, 1777) as the most abundant
prey species. The Jacobs index suggested a preference of male tigers for sam-
bar deer (Cervus unicolor Kerr, 1792) and wild pig (Sus scrofa Linnaeus, 1758)
and of the female tigers for wild pig and chital. Bardia National Park has the
highest density of tiger prey species (92.6 animals/km?) among the national
parks of Nepal. Still, the density of larger prey species is relatively low. In-
creasing the density of larger prey like sambar and re-introduction of larger
prey species like gaur (Bos gaurus Smith, 1827) can further enhance the tiger
population in the park. Our study demonstrates that tigers mostly preyed on
wild species, indicating a low level of tiger-livestock interaction. Hence, this
park seems to be a prospective area for tiger conservation in the long run.

Keywords

Bardia, diet, DNA analysis, prey preference, tiger.



3.1

3.1 Introduction

Introduction

The density of carnivores depends on the availability of prey biomass (Fuller
& Sievert, 2001; Karanth et al., 2004; Hayward et al., 2007; Simcharoen et
al., 2014). Prey species composition in the diet of predators is important in
knowing prey-predator interactions as well as for studying the role and im-
pact of predation (Odden & Wegge, 2009). Increased prey density helped in
increasing the population of Amur tiger (Panthera tigris altaica Temminck,
1844) (Jiang et al., 2017). Thus, understanding the diet of flagship species like
tiger (Panthera tigris tigris Linnaeus, 1758) will contribute to better conser-
vation planning, especially for habitat prioritization, protection and restora-
tion (Kapfer et al., 2011).

The diets of elusive species like tigers are generally assessed by identification
of prey species in scats through microscopic hair morphology analysis (Muk-
herjee et al., 1994; Ramakrishnan et al., 1999). Kerley (2010) reported the use
of scat detection dogs for the collection of tiger scat from the Russian Far-
east. Field identification of scats based on size, shape or smell is sometimes
inconsistent and unreliable, as body size of a carnivore can vary greatly with-
in a species. Moreover, the same individual can leave scats of different sizes
(Farrell et al., 2000). Sometimes leopard (Panthera pardus Linnaeus, 1758)
scat can be mistaken for tiger scat. This ambiguity can be overcome by using
mitochondrial DNA obtained from scats to distinguish a tiger from a leopard
(Bhagavatula & Singh 2006; Mondol et al., 2009). The sex of felids can also be
determined using genomic DNA obtained from scats (Pilgrim et al., 2005).

Tigers are the largest living felids, with an average body weight of 175-260 kg
for males and 100-160 kg for females in South Asia (Sunquist, 1981; Karanth,
2003). On average, tigers are estimated to consume 10% of the available
prey within their territories per year (Sunquist 1981; Karanth et al., 2004).
An adult male requires 4,000 kg of meat per year (55-60 ungulates) whereas
females without cubs consume 3,000 kg/year (40-45 ungulates) (Sunquist,
1981). Females raising three cubs roughly consume >4500kg/year (60-75 un-
gulates) (Sunquist, 1981; Karanth, 2003). The home ranges of female tigers
are primarily determined by the abundance of prey whereas the territories
which can be defended by a male is a function of the number of female home
ranges that can be covered by a male (Karanth, 2003). Throughout most of
the year, an adult female is with cubs and in the last six months before her
young are independent, she provides food for three to four adult sized ani-
mals, and in the last six months before a female’s cub is independent she is
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killing more prey than a male (Smith, 1993). In social organization of solitary
felids, the limiting resource for a female is the availability of food and that for
a male is access to females (Odden & Wegge, 2005). With higher prey abun-
dance the home range of female decreases leading to the increase in density
(Simcharoen et al., 2014). Kolipaka et al. (2017) reported from Panna Tiger
Reserve, Madhya Pradesh, India, that female tigers are mostly confined to the
core zone of the park and preferentially target wild prey.

The overall aim of this study was to investigate the diet of tigers in Bardia

National Park with following objectives:

1 To analyze prey species composition in the diet of tigers.

2 To assess the diet composition and prey preferences of male and female
tigers.

Since male and female tigers may have different dietary requirements and the
presence of prey also differs in different habitats, knowing the diet on the basis
of sex can be helpful in better conservation planning. Optimal foraging the-
ory formulated by MacArthur & Pianka (1966) discussed a graphical method
that allows a specification of a specific diet of a predator in terms of the net
amount of energy gained from a capture of prey as compared to the energy
expended in searching of the prey. Carbone et al. (2007) predicted that the
transition between diet types in relation to predator’s mass may be predict-
ed through the maximization of net energy gain and this can be achieved by
larger prey feeding strategy. Based on this we assume that male tigers may be
targeting large size prey species than female tigers. Our study relates sex of
the tiger to its diet and is the first of its kind in Nepal. We believe that it will
contribute to the conservation of endangered and important flagship species.

Methods

3.2.1 Study area

Bardia National Park (IUCN, Category II) is the largest national park (968
km?) in the lowland Terai-Bhabar tract, located in the South-western part of
Nepal (N: 28.2630 to 28.6711; E: 80.1360 to 81.7645) (Figure 3.1). The park
was established in 1976 with an area of 368 km?as the Royal Karnali Wildlife
reserve and extended to its current size in 1984. The park was established
originally to protect the representative ecosystems as well as to conserve the
tiger and its prey species (DNPWGC, 2017). The Karnali and Babai rivers drain



3.2 Methods

through the park. The floodplain grasslands of these rivers support high prey
and tiger densities. The park is home to more than 30 species of mammals
and > 230 bird species. Bardia is a part of the Terai Arc Landscape (TAL), a
trans-boundary tiger conservation landscape in India and Nepal, identified
as a level-1 tiger conservation unit (Wikramanayake et al., 1998). The den-
sity of tigers in Bardia is 3.3/100 km? and the prey density is 92.6 animals/
km? (Dhakal et al., 2014). The main prey species of tigers in Bardia are chital
(Axis axis Erxleben, 1777), hog deer (Axis porcinus Zimmermann, 1780) and
wild pig (Sus scrofa Linnaeus, 1758), supplemented by barking deer (Munti-
acus vaginalis Boddaert, 1785), barasingha (Cervus duvauceli Cuvier, 1823)
and nilgai (Boselaphus tragocamelus Pallas, 1766) (Wegge & Storaas, 2009).
Leopards are present in a lower density compared to tigers and are found
primarily in the periphery of the park (Wegge et al., 2009; Odden et al., 2010).
The park has a sub-tropical monsoonal climate with three distinct seasons:
winter (October to February), summer (February to June) and monsoon
(June to October). During summer, temperatures could rise to 45°C. About
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Figure 3.1

Study area showing the location of scat collection with identification of scat to species and sex level.
The rectangle in the inset shows the location of Bardia National Park in Nepal.
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70% of the forest consists of Sal (Shorea robusta Gaertn, 1805) with a mixture
of grassland and riverine forests (DNPWC, 2017).

3.2.2 Sample collection

During January - February and May-June 2015, we systematically searched
for scats along forest roads and trails, which are often used by tigers and
leopards. We did not collect scats in the summer because the outer mucosal
layer from scat required for DNA extraction was readily eaten up by insects
(May-June 2015). Hence, we limited our study to samples collected during
the winter months only. Fresh scats were identified, on the basis of the state
of the mucosal outer layer of the faces (Wasser et al., 2009). Surveys were re-
peated once a week in the Karnali floodplain and in the Khata corridor where
tiger density is high (Stoen & Wegge, 1996; Dhakal et al., 2014). We also sur-
veyed the Babai valley, East Chisapani and buffer zones of the national park
(Figure 3.1). Two samples were collected from each scat, one for genetic anal-
ysis and another for prey identification. For the genetic analysis, the mucosal
layer of the scat, which contains sloughed-off intestinal cells from the host
animal, was collected in vials containing DET (Dithiothreitol EDTA Tris-hy-
drochloride) buffer (Wultsch et al., 2014). The remaining part of the scat was
collected in a paper bag to assess the prey species composition. GPS coordi-
nates of the site of sample collection were also recorded. The distinction be-
tween tiger and leopard scats in the field was done following earlier studies:
Karanth & Sunquist (1995); Biswas & Sankar (2002); Edgaonkar & Chellam
(2002) and Lovari et al. (2015). A total of 101 scat samples were collected and
92 were used for the diet analysis of tigers.

3.2.3 DNA extraction and species and sex identification

The scats were pre-treated using an Inhibit-EX buffer to adsorb PCR inhib-
itors. After pre-treatment, DNA was extracted using the Qiagen QIAamp
DNA Mini Fast Stool Kit (Qiagen, Germany) following the manufacturer’s
protocol and finally 150 pl of DNA was eluted. Identification of tiger’s and
leopard’s scats was done by specifically amplifying the mitochondrial DNA
regions (Bhagavatula & Singh 2006; Mondol et al., 2009). Sex identification
of tiger and leopard samples was done by amplifying the Amelogenin area
on sex chromosomes based on sequencing data available for a domestic cat
(Pilgrim et al., 2005).
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3.2.4 Diet analysis

The scat samples were sun-dried and then washed through a one mm sieve,
using hot water to separate hair from other organic material. Separated hair
was washed in acetone hydrated in 100% ethanol and dried on filter paper
(Ramakrishnan et al., 1999; Breuer, 2005). The analysis of predator diets is
based upon indigestible remains of prey species, particularly hairs, bones,
quills and feathers. Guard hair is often used for the identification of prey
species. From each scat, a predefined minimum of 20 hairs was sampled and
hairs were identified on the basis of general appearance, color, relative length,
relative width, cortex pigmentation, medullary width and the ratio of medul-
la to cortex in a cross-section following Mukherjee et al. (1994). The cortex
and medullary pattern of guard hairs as observed under a trinocular micro-
scope (200X), was compared with photographs from the reference guide pre-
pared by Bahuguna et al. (2010). The frequency of occurrence of food items
in scats was also recorded following Mukherjee et al. (1994). We used genetic
analysis to determine if the scat was deposited by a tiger or a leopard and we
only used scat deposited by tigers in this paper.

3.2.5 Data analysis and statistics

The frequency and relative frequency of occurrence were estimated as de-
fined by Lyngdoh et al. (2014). When scats have either a single prey species
or just two prey species, the frequency of occurrence and relative frequency
of occurrence of prey items give similar results (Bagchi et al., 2003). There-
fore, we used the frequency of occurrence of prey species in our analysis. If
prey species differ in their body size then the frequency of occurrence can-
not give a proportion of the prey species consumed by predators. We used
the non-linear (asymptotic) model developed by Chakrabarti et al. (2016) to
calculate biomass consumed per collectable scat/predator weight. The rel-
ative biomass (D) and relative number of prey species consumed (E) were
calculated following Andheria et al. (2007). We used the Fisher’s exact test
to compare the diet composition of male and female tigers as well as prey
preferences. A binomial logistic regression was used to determine the prob-
ability of finding a positive DNA result in relation to forest type and the age
of the scat. All the above tests were performed in software program R (R
Core Team, 2015). The density of prey species was obtained from Dhakal
et al. (2014) who used a line transect method. The data were analyzed un-
der the distance sampling framework using DISTANCE program version 6.
Although density estimation was done in 2013, we assumed that the species
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density had been stable. Preferences of tigers for prey species was estimated
using the Jacobs Index (Jacobs, 1974). The value ranges from +1 (for prefer-
ence) to -1 (for avoidance).

Results

From the 101 scat samples collected, 84 were confirmed as tiger or leopard
scats with PCR-based genetic species identification, whereas DNA could not
be extracted from the others. The amplified PCR product size was 162 bp
for tiger and 130 bp for leopard. The amplified PCR product of nuclear DNA
of the male had two bands measuring 194 bp and 214 bp, whereas, females
had one band of 214 bp. The site for scat collection in comparison to results
of species and sex identification is shown in Figure 3.1. The results showed
that tiger scats were mostly confined to the core area of the park and in the
corridor, while leopard scats were more often found near the park boundary
in the buffer zone and in the hills.

The older the scat, the more difficult it was to assess the species and sex using

DNA (p= 0.009) (Figure 3.2). The habitat of the scat collection was not signif-
icantly related to the results (p = 0.450) (Table 3.1).
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Figure 3.2
Positive results in DNA tests related to age of scat.



3.3 Results

Table 3.1
Logistic model showing the positivity of DNA test depending on age of scat and habitat (forest type).

Df Deviance AIC LRT Pr(>Chi)
Full Model 79.402 91.402
Scat Age 1 86.261 96.261 6.8591 0.008819 o
Forest Type 4 83.089 87.089 3.6874 0.449964

Note: AIC= Akaike information criterion; LRT= likelihood ratio test.

Among the 101 scat samples, we used 92 samples for the analysis of tiger’s
diet because nine samples were of leopard, which was confirmed by DNA
analysis. Of the 92 tiger scat samples, eight had no guard hair. From the re-
maining scats, nine wild prey species and two domestic animals (water buf-
falo and goat) were identified. A single prey species was detected in 32 male
and 38 female tiger scats (93.3%), whereas two male and three female tiger
scats had two prey species (6.7%). One unidentified scat sample also con-
tained two prey species in the scat. Detection of single prey species in the
scat was regarded as one animal killed and that of two species was regarded

Table 3.2
The frequency of occurrence of prey in the diet of male and female tigers, denoted in
brackets as percentage, NI= Species and sex not identified by DNA analysis.

Prey Species Tiger NI Total
Male Female
Sambar 3(8.6) 1(2.2) 5(27.8) 9(9.2)
Chital 14(40) 23(51.1) 3(16.7) 40(40.8)
Langur 0(0) 1(2.2) 1(5.6) 2(2)
Hog deer 4(11.4) 9(20) 2(11.1) 15(15.3)
Wild pig 6(17.1) 5(11.1) 1(5.6) 12(12.2)
Four horned antelope 2(5.7) 1(2.2) 0(0) 3(3)
Swamp deer 1(2.9) 0(0) 0(0) 1(1)
Goat 0(0) 0(0) 1(5.6) 1(1)
Barking deer 0(0) 0(0) 1(5.6) 1(1)
Buffalo 1(2.9) 0(0) 0(0) 1(1)
No guard hair 2(5.7) 2(4.4) 4(22.2) 8(8.1)
Unknown 2(5.7) 3(6.7) 0(0) 5(5.1)
Total 35(100) 45(100) 18(100) 98(100)
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as two animals killed (Stoen & Wegge, 1996). Plant materials were found in
14.9 % of the scat samples. We observed that both males and females preyed
most frequently upon chital (M-40%, F -51%). The other prey species found
in the male tiger scat were wild pig (17%), hog deer (11% ), sambar (Cervus
unicolor Kerr, 1792), (9%) and four-horned antelope (Zetracerus quadricornis
de Blainville, 1816). In the diet of female tigers, chital was followed by hog
deer (20%), wild pig (11%), sambar, four-horned antelope and langur (Semmno-
pithecus schistaceus Hodgson, 1840) (Table 3.2).

Table 3.3
Relative biomass and relative number of prey consumed by male (M) and female (F) tigers.

Prey X (Kg) Predator Z(Kg) X/Z Y Ye A%) D(%) E(%)
Sambar 212 TigerM 235 0902 0329 77.42 8.6 9.98 221
TigerF 140 1514 0330 46.19 22 2.53 0.47
Chital 53 TigerM 235 0226 0320 75.31 40.0 45.17  39.92
TigerF 140 0379 0325 4550 51.1 5786 43.19
Hog deer 33 TigerM 235 0.140 0316 7433 11.4 12.71 18.03
TigerF 140 0236 0321 44.92 20.0 2235 26.80
Wild pig 38 TigerM 235 0.162 0317 74.61 171 19.13  23.58
TigerF 140 0271 0322 45.10 1.1 1246 1297

Four horned 20  TigerM 235 0.085 0313 7347 57 628 1471
antelope

TigerF 140 0143 0316  44.30 22 2.42 4.80
Swamp deer 160  TigerM 235 0681 0329 7723 29 3.36 0.98
TigerF 140 1.143 0330 46.17 0 0 0
Buffalo 275  TigerM 235 1170 0330 77.51 29 3.37 0.57
TigerF 140 1964 0330 46.19 0 0 0
Langur 8 TigerM 235 0034 0308 7247 0 0 0
TigerF 140 0057 0310 43.46 22 238 1177

A = Frequency of occurrence of the prey species in scats; X = Mean body mass of the prey (Karanth & Sun-
quist, 1992; Bhattarai & Kindlman, 2012); Z = Mean body mass of the predator (Smith et al., 1983) Y = Bio-
mass consumed; (Y = 0.033-0.025exp /2, Chakrabarti et al., 2016); Y=Y corrected for predator weight
(Y*Z); D= Relative Biomass, (A x Yc)X(A x Yc) * 100; E = Relative number of each prey species consumed,
(D/x)X(D/x) * 100.
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Table 3.4

3.3 Results

Swamp deer and water buffalo (Bubalus bubalis Linneaus 1758) were found
only in the male tiger scat, and langur in the diet of a female tiger. We re-
corded only one instance of livestock predation, where a male tiger preyed
upon buffalo. The diet of male and female tigers was not significantly dif-
ferent (Fisher’s exact test, p=0.363). Chital made the most abundant relative
biomass of the prey species consumed by both male (45.17%) and female
(57.86%) tigers (Table 3.3).

Female and male tiger prey preference of major prey species in Bardia National Park.

Prey Frequency of Proportion Prey density* Proportion Jacobs index
occurrence in Diet  in Diet -r in field-p

Female tiger

Chital 23 0.767 53.99 0.638 0.301

Sambar 1 0.033 4.45 0.053 -0.234

wild pig 5 0.167 4.79 0.057 0.538

Langur 1 0.033 21.35 0.252 -0.814

Total 30 1 84.58 1

Male tiger

Chital 14 0.609 53.99 0.638 -0.063

Sambar 3 0.130 4.45 0.053 0.460

Wild pig 6 0.261 4.79 0.057 0.709

Langur 0 0 21.35 0.252 -1

Total 23 1 84.58 1

Combined

Chital 37 0.698 53.99 0.638 0.134

Sambar 4 0.075 4.45 0.053 0.190

wild pig 11 0.208 4.79 0.057 0.627

Langur 1 0.019 21.35 0.252 -0.890

Total 53 1 84.58 1

*Dhakal et al. (2014); Jacobs index (Jacobs, 1974).

The Jacobs index for prey preference of female and male tigers suggested a
preference towards wild pig. Sambar deer seem to be preferred by male ti-
gers, and chital by female tigers. Langur seemed to be not a preferred species
for either sex. When we combined both male and female together, a prefer-
ence for wild pig was suggested, followed by sambar and chital (Table 3.4).
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However, testing showed no significant difference between prey occurrence
in the diet and prey density in the field for males, females and both combined
(Fisher’s exact test, p=1).

Discussion

The freshness of scat samples affected the assessment of species and sex pos-
itively. We got valid results for 83.16% of the scat samples used for the identi-
fication of species and sex of both tiger and leopards, as expected (Bhagava-
tula & Singh 2006; Mondol et al., 2009). Our results are comparable to those
of Borthakur et al. (2011) who reported 84.21% success. So, although field
identifications are usually correct, the chance of misidentification can always
be corrected by DNA analysis.

Five prey species (viz. chital, sambar, wild pig, hog deer and four-horned an-
telope) contributed to the diet of tigers. Our findings are similar to the find-
ings of Andheria et al. (2007), who reported that chital, sambar, gaur and
wild pig constituted 96% of the diet of the tiger from Bandipur Tiger Reserve,
India (gaur was not available in our study site). We found that chital was the
most common prey species of tigers, as Stoen & Wegge (1996) and Wegge et
al. (2018) reported from Bardia. Our results are different to those of Chitwan
National Park where sambar was reported as the main prey species (Kapfer
etal, 2011).

Prey availability and body mass were the key determinants of prey preference
of tigers in Bardia National Park (Stoen & Wegge, 1996). In our study also,
we found that the number of large-sized prey species (sambar) consumed by
male tigers was higher than that for female tigers, although not statistically
significant. Similarly, female tigers had relatively more medium-sized prey
species (chital) in comparison to a male tigers. Male tigers mainly killed big-
ger prey species and females killed slightly smaller prey animals, according
to their body size (Hayward et al., 2012). However, in Bardia, large prey are
scarce and patchily distributed which makes it energetically costly to search
for them, whereas medium sized prey like chital is very abundant and makes
up >80 % of the available wild herbivore prey (Stoen & Wegge, 1996).

The Jacobs index for prey preference suggested a positive preference of male
tigers towards wild pig and sambar and female tigers towards wild pig and
chital. However, the chi-square test comparing the diet of male and female



3.4 Discussion

tigers was not significant. In the absence of larger prey the tigers are non-se-
lective (Stoen & Wegge, 1996). Although chital was found to be the most
abundant prey in the diet of both male and female tigers, it is too small to be
an optimal prey for tigers (Hayward et al., 2012). Because of the yarding be-
havior of chital at night in open areas, they tend to become less vulnerable to
stalking predators like tiger and leopard (Johnsingh, 1992).

In our study, livestock was present in a very small proportion of tiger scats,
which is comparable to Biswas & Sankar (2002) in Pench National Park and
Bhattarai & Kindlmann (2012) in Chitwan National Park. This is a remark-
able finding since many other studies report livestock raiding by both ti-
gers and leopards (Seidensticker, 1976; Wang & Macdonald, 2009; Kolipa-
ka et al.,, 2017). One scat of a male tiger collected from Khata corridor that
links Bardia National Park with Katarniaghat Wildlife Sanctuary in India had
buffalo in the diet. In contrast, Basak et al. (2018) reported from the Katar-
niaghat Wildlife Sanctuary that the frequency of occurrence of large cattle in
the diet of tiger was 17.5%, which is much larger than in our study. Livestock
which mainly consisted of cattle and buffalo also contributed to 10.4% of the
tiger’s diet in the Sariska Tiger Reserve (Sankar et al., 2010). Kolipaka et al.
(2017) also found that male tigers were killing more livestock in the buffer
zone, whereas female tigers mostly relied upon wild prey in the core zone
of the Panna Tiger Reserve, India. We also found plant materials in the scat.
The presence of plant material in 15% of our scat samples may be due to
accidental consumption of plants along with the main prey (Rajaratnam et
al., 2007). It is also believed that plant materials aid in the digestion and the
fibers present makes it easy for the animals to defecate. Plant materials were
also reported from the scat of leopards and tigers of Sariska Tiger Reserve
(Sankar & Johnsingh, 2002).

The density of large ungulates is low in Bardia. It is possible to have high
densities of large ungulates in successional and disturbed forests if poach-
ing is under control (Karanth & Sunquist, 1992). Tigers cannot sustain and
reproduce in large numbers in the absence of large prey species even when
small prey species are quite abundant (Sunquist, 1981; Karanth & Sunquist,
1995). Seidensticker (1986) reported from Java that one of the main reasons
for the decline of Javan tiger was a decline in the abundance of larger prey.
Thus, to increase the carrying capacity of tigers (Walston et al., 2010), Bardia
should focus on increasing the density of large-sized prey species along with
the re-introduction of gaur in the near future as well as maintain the chital
and wild pig population.
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Understanding the diet of tiger has great implications for tiger conservation.
However, the present study is short as it covers just one season. Prey densi-
ty estimation data were taken from the study carried out by park authority
however, we assume that there is no significant variation in the predator diet
and the prey density because it was taken during the same season. Simulta-
neous study of prey density and predator diet should be done in the near fu-
ture to come up with a clear picture in multiple prey-predator environments.
The home range of the tiger as well as the prey preferences changes with the
season, therefore a thorough study covering all seasons is needed along with
regular scientific monitoring of the prey and predator population. This will
provide crucial information required for a better management and help in
the long-term conservation of tigers in Nepal.

Implications for Conservation

The population of tigers has declined worldwide as a result of prey depletion.
Prey density is important for the maintenance of large carnivore populations
(Sankar et al., 2010). Accurate knowledge of the diet of a species is important
for effective conservation and is important for conservation initiatives like
habitat prioritization, protection and restoration (Kapfer et al., 2011). The
diet of tigers can be helpful in knowing about the home range and carrying
capacity of a park. Nepal is one of the 13 countries to ratify the Global Tiger
Recovery Plan at the meeting of world leaders held in St. Petersburg in 2010
which aims at doubling the number of wild tiger by 2022. Bardia National
Park is regarded as one of the global source sites for tigers. Therefore, to in-
crease the carrying capacity of the park we need to focus on increasing the
number of larger prey species. On the basis of our results we suggest that
future studies of tiger diet should be of longer duration and cover a wide area
in order to understand the spatiotemporal variation of tiger diet (Kapfer et
al,, 2011).
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Abstract

The spatiotemporal pattern of conflict incidences in the buffer zone of Bardia
National Park over the period 2013-2017 was studied based on compensa-
tion paid to the victims. The majority of conflict incidences reported, includ-
ed (fatal) human injury, crop damage and property damage, as well as live-
stock predation. Elephants and leopards were responsible for the majority
of conflict incidences, followed by tigers and wild boars. The elephant was
responsible for killing 14 people during the study period, while wild boar
killed one person. Neither tigers nor leopards had been reported to have con-
tributed to human fatalities around Bardia. The conflicts caused by elephants
peaked during the autumn season when their favored matured crop. Live-
stock predation by leopards peaked during the rainy season, whereas preda-
tion frequency by tigers was relatively constant throughout the year. There
was a significant relationship between livestock predation and moon phase,
with most predation incidences taking place during the new moon phase.
Moon phase was not significantly related to conflict incidences caused by
elephants. When comparing the conflict patterns in different sub-regions of
the buffer zone, elephant, leopard and wild boar, but not tiger, showed signif-
icant differences between these sub-regions. In terms of monetary loss, most
of the losses were attributed to elephants. A total of $ 61,085 was paid to vil-
lagers as compensation. Villagers living in the buffer zone mostly preferred
electric fencing and improved enclosures in order to minimize human-wild-
life conflicts.

Key words

buffer zone, carnivores, compensation, conflict, herbivores, moon-phase.



4.1

4.1 Introduction

Introduction

Farmers in developing and biodiversity rich countries experience economic
loss through the loss of their resources by negative interactions with wild
predators and herbivores (Thinley et al., 2018). For this phenomenon the
term ‘human-wildlife conflict’ is usually used, but this is misleading as it por-
trays wildlife as an antagonist with the conscious intent to interfere with peo-
ple’s lives and livelihoods, whereas the real conflict is between conservation
and other human interests (Peterson et al., 2010; Redpath et al., 2015; Fisher,
2016). In this study we therefore only use the term ‘conflict’ to describe neg-
ative interactions between people and wildlife.

Besides the previously discussed conflict situations which arise from large
predators attacking livestock or even people, other large mammals such as
the elephant and rhinoceros may also cause conflicts by destroying agricul-
tural crops or personal properties and by sometimes even fatally injuring
people (Sukumar, 1991). Wherever conflicts with wild animals occur, they
may cause a certain antipathy and negative attitude among people living in
the periphery of natural reserves (Sukumar, 1991). As a result, the conserva-
tion of such ‘high-risk’ species near human settlements often generates a lot
of debate as to what extent humans should tolerate the negative impact of
these conflict causing species and what could be done to mitigate conflicts
and prevent the locals from initiating retaliatory measures (Manral et al.,
2016; Carter & Linnell, 2016; Lamichhane et al., 2018). Balancing the needs
and aspirations of the often poor farmers living close to protected areas and
the need of conserving endangered, large and dangerous animals is a chal-
lenging task in developing countries like Nepal (Wegge, et al., 2009).

Human intolerance towards conflict causing mammals is often based on mis-
conceptions about the potential risk these animals pose to property, livestock
and humans (Oli et al., 1994; Treves & Karanth, 2003; Pant et al., 2016). A
poor understanding of the ecological role they play may also induce a cer-
tain resentment against conservation in general (Nyhus, 2016; Thinley et al.,
2018). Human-wildlife conflict is one of the most critical threats faced by
many wildlife species today, and the topic is receiving increasing attention
from conservation biologists (Dickman, 2010). A good understanding of the
patterns of human-wildlife conflict and identifying the causes is therefore
key to formulating effective conservation strategies (Acharya et al., 2016).
One aspect of conflict causing activities of large carnivores and herbivores
that needs urgent attention is the spatial and temporal pattern of conflict
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and how this conflict differs between conservation areas (Wilson et al., 2013;
Lamichhane et al., 2018a). For example, moon phase is reported to have an
effect on conflict incidence in Africa and Nepal (Tumenta, 2012; Packer et al.,
2011; Gunn et al., 2014; Lamichhane et al., 2018a). Crop raiding by African
elephants was lower during the full moon phase (Gunn et al., 2014) where-
as Lamichhane et al. (2018a) reported more incidents by Asian elephants
during the full moon phase. Incidence of attacks on humans and livestock
by large carnivores were shown to be lower during the full moon phase in
some studies (e.g. Packer et al., 2011; Lamichhane et al., 2018a) while Tumen-
ta (2012) did not report a significant effect of full moon phase on livestock
depredation. Traill et al. (2016) reported that the proximity of lions and not
the moon phase affects the behavior of prey animals such as zebra and wil-
debeest. The effect of moon phase on predatory events by large carnivores
thus differs between geographical regions and could be influenced by other
local factors as well.

People living around the buffer zone of Bardia are using both traditional and
modern means to guard their crops against wild animals (Thapa, 2010). Con-
flict mitigation measures include providing monetary compensation to the
victims, construction of electric fences and trenches along the forest edges
and construction of predator proof corrals to minimize damage to livestock
(Acharya et al., 2016). In order to prevent damage caused by elephants, elec-
tric fencing and beehives are used as means of protection (King et al., 2009;
Sapkota et al., 2014). In other areas, cultivation of unpalatable cash crops
such as capsicum is effective in reducing human elephant conflict (Parker &
Osborn, 2006). Chili smokes and spotlights are also sometimes used for re-
ducing crop raiding by elephants (Davies et al., 2011).

The main aim of this chapter is to provide an overview of spatiotemporal
factors affecting human-wildlife conflicts around Bardia National Park. The
research questions which were addressed include:

1 What are the main conflict causing wildlife species?

2 Are there any spatiotemporal patterns found in conflict incidences?

3 How much money is spent on compensation schemes?

4 What is the perception of local communities on how to manage conflicts?



4.2

4.2 Study area

Study area

Bardia National Park (henceforth BNP) (28°15‘ to 28°35.5° N and 80°10° to
81°45° E, 968 km?, altitudinal range 152-1440m) was established in 1969 and
is situated in the Bardia and Banke districts of Nepal, south west of Kath-
mandu. The park is designated under IUCN category II (DNPWC, 2018).
It is part of the western Terai Arc Landscape (TAL), providing important
habitat for large carnivores, including tigers and leopards. BNP is one of the
largest protected areas in the Terai lowland. BNP has undergone a series of
shifts in terms of property rights and changes in conservation status. The
area was first declared as a Royal Hunting Reserve in 1969, but since estab-
lished rules and regulations were not strictly enforced, access to resources
inside the reserve was basically free to the local community. In 1976, an area
of 368 km? was officially declared as the Royal Karnali Wildlife Reserve and
in 1982 renamed as the Bardia Wildlife Reserve. After discovery of the Babai
valley with its higher wildlife densities, suitable plains for habitats and the
main river course flowing to the far west, the size of the reserve was extended
in 1984. Finally, in 1988 the reserve was upgraded to the National Park status
(Brown, 1998).

The buffer zone of BNP was established in 1996, when an area of 327 km?
was added to the park. In 2010 an additional 180 km? of the Surkhet district
was added to expand the buffer zone to arrive at a final surface area of 507
km?. The area of the buffer zone is designated as IUCN category-VI (DN-
PWC, 2018). Buffer zones have been instated in most of the national parks
and wildlife reserves throughout Nepal and also in Bardia by government
to create areas around national parks which are both of natural value, e.g.
including forest patches, river and water bodies, and of cultural or econom-
ic importance, e.g. agricultural lands, human settlements, cultural heritag-
es, open meeting spaces and other forms of land use (Budhathoki, 2004). A
buffer zone serves the dual purpose of providing an opportunity for local
people to collect and use forest products from the community forest on a
regular basis, and as extended natural habitat serving as wildlife refuges and
corridors (Budhathoki, 2004). Buffer zones are managed by both the park
authorities and the local communities through jointly organized community
development and natural resource management initiatives (DNPWGC, 2018).
For this purpose 19 Buffer Zone User Committees (BZUC) have been created
in BNP (Figure 4.1).
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For BNP, approximately 30 to 50% of the revenue generated by the protect-
ed area is invested in local communities residing in the buffer zone. These
investments are intended to support conservation and alternative livelihood
activities, and are based on the priorities that have been established through
an approved management plan (Heinen & Mehta, 2000; Baral & Heinen,
2007). The communities living in the BNP buffer zone are a heterogeneous
society comprising indigenous Tharu people and migrants from the hills
(Bhattarai et al., 2016).

The park has a sub-tropical monsoonal climate with three distinct seasons:
winter (October to February), summer (February to June) and monsoon
(June to October) with an annual rainfall of 1500 mm. During summer tem-
peratures could rise to 45°C. About 70% of the forest consists of Sal (Shorea
robusta) with a mixture of grassland and riverine forest (DNPWC, 2018).
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Ll T T L}
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Figure 4.1

Study area showing the buffer zone user committees (BZUC) with conflict incidents.
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Methods

Yearly data on human-wildlife conflict cases were collected from existing
park records, based on compensations paid to the victims as per the recom-
mendations of the BZUC for the loss or damage of property between 2013
and 2017. We used the data to identify the main conflict causing wildlife spe-
cies and the major spatial and temporal factors affecting conflict incidences.
We performed chi-square to know about the predation event of tigers and
leopards. We divided the BZUC into East, West, North and South sub-re-
gions according to their location. We performed a single factor ANOVA to
test the spatial pattern of conflict over different sub-regions of the buffer
zone. The response variable was number of conflicts per year per sub-region,
and the single factor tested was sub-region.

Seasons were defined as follows: Winter: December to February, Spring: March
to May, Summer: June to August and Autumn: September to November.

Lunar days were assigned using the Gregorian-Lunar calendar conversion
table of the Hong Kong Observatory (www.hko.gov.hk/gts/time/conversion.
html). Day 1 was assigned New moon day and Day 15 Full moon day. Days
28,29,1,2,30r29, 30, 1, 2, 3 were assigned as New moon phase (dark phase)
and days 13, 14, 15, 16, 17 as Full moon phase (light phase) (following Traill
et al,, 2016). A waxing moon is defined as the period after the new moon and
before the full moon, whereas a waning moon is defined as the period after
the full moon and before the new moon. We performed a two tailed, paired
t- test to compare the conflicts during new moon and full moon and during
the waxing and waning moon phase over a period of five years.

In order to calculate spent compensations (compensations spent on real
price), annual fluctuations in inflation rate were taken into account. We cal-
culated the real price that has been adjusted with an inflation rate over the
five years of our study period. We used the real price of 2017 as the amount
of compensation paid. Inflation rate figures for Nepal were taken from www.
statista.com/statistics/422594/inflation-rate-in-nepal.

Data on perceptions of local inhabitants on conflict-prone wildlife was col-
lected during a questionnaire survey among 290 households in the buffer
zone (Supplementary material 4.1). The selection of villages and household
heads took place according to Upadhyaya et al. (2018) (accepted). The house-
hold heads were asked to rate several aspects of human-wildlife conflicts by
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giving a preference score from 1 to 6 (where 6 is most preferred and 1 least
preferred). All statistical analyses were done in Microsoft Excel 2010 (Micro-
soft Redmond, USA).

Results

A total of 3,283 conflict incidences were reported over a period of five years.
Eleven species were found to cause conflicts during the study period: Ele-
phant (Elephas maximus) (60%), Leopard (Panthera pardus) (24%), Wild
boar (Sus scrofa) (6%), Tiger (Panthera tigris) (6%), Rhinoceros (Rhinoceros
unicornis) (0.6%), Sloth bear (Melursus ursinus) (0.06%), Chital (Axis axis)
(0.5%), Nilgai (Boselaphus tragocamelus) (2%), Crocodile (Crocodylus palus-
tris) (0.3%), Python (Python bivitattus) (0.06%) and Porcupine (Hystrix indi-
¢ca)(0.03%). Elephant, leopard, wild boar and tiger were responsible for con-
flicts during each of the five years of the study period whereas the other seven
species caused conflicts in some years only.

Elephants were responsible for most conflicts, resulting from damage to
crops, stored grains, houses as well as injuries inflicted to human beings
which were even fatal on 14 occasions (Figure 4.2). Although no human be-
ings had been killed by tigers or leopards, wild boar was reported to have
caused one fatality among local residents. Tigers and leopards were mainly
involved in killing livestock such as goats, pigs, sheep and cattle (Figure 4.4).
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Average number of conflict incidences from 2013 to 2017 caused by different wildlife
species. The error bars indicate standard deviations.
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a) Conflictincidence of predators b) Conflictincidence of herbivores
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Figure 4.3 (a-b)
The conflict incidence frequency caused by predators and herbivores over five years.

Over the entire study period, livestock predation rates were higher for leop-
ards than for tigers (x?= 27.391, df= 4, p< 0.001) (Figure 4.3a). Leopards main-
ly killed goats and pigs (731 and 234 respectively), whereas tigers also killed
cattle (100), in addition to goats and pigs (147 and 23 respectively) (Figure
4.4). The overall livestock predation rate was higher in 2014 and 2016 com-

pared to the other years. The damage caused by elephants was highest during
2016 (Figure 4.3b).
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Figure 4.4
Percentage of livestock killed by tigers and leopards during the study period.

Property damage caused by wildlife mainly comprised damage to housing
and raiding of stored grain, followed by damage to kitchen facilities and wall
structures (Figure 4.5a). Paddy was the major crop damaged by elephant, fol-
lowed by wheat and maize (Figure 4.5b). Maize was the major crop damaged
by wild boar, followed by paddy and wheat (Figure 4.5c¢).
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a Property damage elephants

m House damage and grains eaten
Complete house damage
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= House wall damage

b Crop damage elephants
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¢ Crop damage wild boar
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Figure 4.5 (a-c)
Crop and property damage caused by elephants and wild boar.
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Figure 4.6
Average conflict frequencies in relation to moon phase over a period of 5 years.

Livestock predation occurred more often during the new moon phase com-
pared to the full moon phase (Figure 4.6) by leopards (p=0.006) and tigers
(p=0.046), whereas no significant relation was found between conflict inci-
dence and new moon/full moon phase for any of the herbivore species. No
effect of waxing/waning moon phase was found for any of the four studied
species.
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b) Monthwise conflict incidence for predators
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Figure 4.7 (a-b)
Monthly variations in conflict incidence by wildlife group.

The month-wise conflict incidence showed that elephants and wild boars
were damaging more crops during the monsoon season (Figure 4.7a). Among
the predators, leopards showed a peak in predation incidences during July,
whereas predation incidences by tigers remained relatively constant through-
out the year (Figure 4.7b).

a) Elephant b) Leopard

g &
g8 8§

g

8

Avergae number of conflicts
g
Avergae number of conflicts
5 & 8

(=]
o 8

8

West North

c) Tiger d) Wild boar

West North
Figure 4.8 (a-d)

Average number of conflict incidences in different sub-regions of the buffer zone for elephants, tigers,
leopards and wild boars.
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Table 4.1

4.4 Results

Elephants were responsible for the majority of conflict incidences in the
west followed by the southern sub-region of the park (Figure 4.8a). Conflicts
caused by leopards and wild boars were also higher in the southern and west-
ern part of the buffer zone (Figure 4.8b, d). Conflict incidences caused by
tigers were spread relatively evenly over the park (Figure 4.8c).

The results of a single factor ANOVA only showed significantly different con-
flict incidence rates between different sub-regions for elephants (p<0.001),
leopards (p=0.006) and wild boars (p=0.003).

A total of NRs (Nepali Rupees) 6,719,420 ($ 61,085; 1$=NRs 110) were paid
to villagers as compensation for conflicts over the five year study period. Al-
though compensation fees for each of the species did not change over the
years (Table 4.1), there was a marked increase in the average amount paid to
each household in 2017 compared to other years.

Compensation paid (in Nepali Rupees) for damages caused by four major species, adjusted as per the
real price of 2017.

Year

2013
2014
2015
2016
2017

Animal Average amount Inflation CPI (-)
per household %*

Elephant  Tiger  Leopard Wild boar

312,172 78,862 255,242 36,252 1,773 9.87 0.74
683,035 260,432 580,955 25,859 1,995 9.04 0.81
414,856 82,696 274,848 67,190 1,527 7.21 0.87
1,472,437 154,630 378,218 9,090 1,879 9.93 0.96
1,273,920 74,000 439,000 264,400 3,743 4.48 1.00

*Inflation rate is calculated based on price change over previous year.
CPl= Commodity price index.
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Figure 4.9

Effectiveness scores for six wildlife damage prevention methods according to the ques-
tionnaire survey of respondents. The Y-axis shows average preference scores, with the
highest score (6 points) for the most preferred measure and the lowest score (1 point) for
the least preferred method.

Improved enclosures which are mainly used to prevent livestock depredation
and electric fencing, mainly used to keep elephants away from human settle-
ments and crop fields were rated as the most preferred damage prevention
methods among the respondents (Figure 4.9).

Discussion

This study examined the conflict incidences around Bardia on the basis of
compensation paid to the villagers for the loss of crops or livestock attributed
by different wildlife. The use of human dominated zones by elephants was
highest during the autumn season when crops like paddy and maize mature
(Pant et al., 2016; Lamichhane et al., 2017). Crop raiding incidences were
higher during the cool autumn season which may be due to the low quality
of the forage available in the forest during the late part of the autumn season
(Pradhan & Wegge, 2007). A high level of crop raiding was also reported for
Assam in India (Wilson et al., 2015) during the cooler months between Au-
gust and December. Similar to our findings, Dublin & Hoare (2004) reported
that agricultural loss due to African elephants is mainly due to loss of food
crops, cash crops and even crops stored inside houses.



4.5 Discussion

Our results on tiger and leopard conflict incidences in relation to moon
phase are comparable to those presented by Packer et al. (2011) on lions in
Tanzania, Africa and Lamichhane et al. (2018a) and on tigers and leopards
in Nepal, with significantly more attacks on livestock taking place during the
new moon phase. The reason for this may be as tigers and leopards are noc-
turnal predators and dark nights of the new moon make them easy for pre-
dation because they are not detected. However, since our data lacks the time
period of the incidence a detailed study in future with time of the incident
would be helpful to understand the effect of moon phase.

In terms of livestock predation, leopards in our study area were responsible
for more conflicts than tigers, which was also the case all over Nepal mainly
in the protected areas and community and government forests (Acharya et
al., 2016) and in Chitwan NP, Nepal (Lamichhane et al., 2018a). Sangay &
Vernes (2008) also documented more killings of livestock by leopards (70%)
than by tigers (19%) in Bhutan. The relatively high rate (67.8%) of attacks on
goats in our study area is supported by findings from e.g. Chitwan NP where
87.7% of the livestock killed by leopards were goats (Dhungana et al. 2018).
Goats are ideal food items for leopards because of their medium size and rel-
atively high availability around the study area. Kabir et al. (2014) also report-
ed significant killing of goats by leopards from in and around the Machiara
National Park, Pakistan.

Leopards caused significantly more conflicts and killed more livestock than
tigers around Bardia, tiger attacks could potentially lead to greater damages
because they more frequently attack larger livestock such as cattle (32% as
opposed to 3% for leopards), which per head are considered much more valu-
able than goats. Tigers generally kill larger prey in order to meet their energy
requirement (Hayward et al., 2012; Upadhyaya et al., 2018). Livestock preda-
tion by leopards peaked during the monsoon season which was also found
for leopards in Bhutan (Sangay & Vernes 2008). One of the causes for this
peak could be a more random dispersal pattern of wild prey, away from water
sources, which reduces hunting success during this time of the year (Moe &
Wegge, 1994). Decreased visibility due to high standing grasses and shrubs
inside the park is also considered as an important factor contributing to low-
er hunting success rates by large predators on wild prey (Dinerstein, 1979).
As a consequence, leopards could become more tempted to attack livestock
that is often poorly protected against predatory attacks (Acharya et al., 2016).
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In order to minimize financial damages, respondents mostly preferred elec-
tric fencing and improving enclosures. This was a direct consequence of the
damage caused by elephants and leopards, which contributed to most dam-
ages suffered. Since electric fencing and improved enclosures have been re-
ported to effectively control damages caused by elephants (e.g. Davies et al.,
2011 in Assam, India) and leopards, damages inflicted by these two species
are expected to decrease over time (King et al., 2009; Sapkota et al., 2014).
Plantation of cash crops like chili Capsicum sp. has effectively reduced dam-
ages by elephants in Zimbabwe (Parker & Osborn, 2006).

Cases for Nepal in which humans are injured or even killed in wildlife en-
counters mainly involve four wildlife species: tiger, leopard, elephant and
rhinoceros (Acharya et al., 2017). Most of the human fatalities in our study
were caused by elephants, which are known for their unpredictable behavior,
like males elephants have been found to more frequently cause conflicts with
humans than females due to their inherent higher risk-taking behavior (Su-
kumar, 1991). Combined with their exceptional force, elephants are likely to
kill anyone who gets in their way. This is reflected in the figures from all over
the elephants’ distributional range, where they are responsible for the major-
ity of human fatalities in conflict situations (e.g. in India and Nepal) (Wilson
et al,, 2015; Acharya et al., 2016). Although wild boars are generally shy and
not likely to spontaneously attack humans, when provoked they could attack
ferociously with their sharp tusks, leading to serious and occasionally fatal
injuries (Manipady et al., 2006). The single fatal casualty caused by wild boar
from our study is in line with this, and other reports on wild boar attacks in
the region (e.g. India, (Manipady et al., 2006; Chauhan et al., 2009)

Management Implications

Our study is the first comprehensive study on human-wildlife conflicts con-
ducted around Bardia National Park. The conflict ‘hot spot’ in the southern
and western sub-region of the buffer zone we identified, could serve as a
primary focal point for which to develop and implement conflict prevention
measures. Such measures should take into account that certain prevention
techniques are more effective than others, e.g. the use of alternative cropping
patterns and electric fencing could effectively deter elephants. Improved
livestock husbandry techniques and predator proof corals could be helpful
in protection against predators. Promotion of livestock insurance schemes
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could also help to reduce the financial burden on the government and thus
help in maintaining sustainability.
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Supplementary material 4.1

Questionnaire used for survey

Name of interviewer:

Date: Time:

Address: Muncipality/VDC: _~ Ward No: Village:
Consumer group:

GPS location: N- E- Elevation-

Questionnaire for Interview on assessing best strategy to minimize damage

caused by wildlife

1 Name:

2 Age: Gender (Male/Female) (Score 1,2):

3 Occupation:

4 Family members: Male Female Children (below 15 years age)-

5 Ethnic group (Score 1, 2, 3, 4, 5):
a Bahun/Chbhetri
b Tharu
c Janjati
d Dalit

e Other(mention)

6 Best strategy to minimize damage caused by wildlife- Score 1 (least preferred) to 6

(best preferred)

a Improved enclosure
b Keeping dog

¢ Managed grazing

d Electric Fencing

e Keeping watchman

f Insurance of livestock
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Abstract

The present study focused on defining the probability of attacks by predators
on livestock in the buffer zone of Bardia National Park, Nepal. Semi-struc-
tured interviews were used to explore the patterns and factors affecting live-
stock losses in four administrative sectors of the park’s buffer zone. For this
purpose, we developed models to investigate (i) overall probability of live-
stock loss, (ii) economic damage, and (iii) the attitude of respondents to-
wards wildlife. We observed a higher probability of attacks on livestock by
leopards (85%) compared to tigers (8%). Among the four sectors of the buffer
zone, the Northern sector experienced the highest loss of livestock (50%).
Livestock loss was significantly related to the number of livestock owned, the
ethnic group of the respondents, and distance to the national park boundary.
Variables contributing to economic damage were study sector, the number
of livestock owned, and distance to the national park boundary. The atti-
tude of respondents towards wildlife conservation depended on knowledge
about the species (tiger/leopard), educational level, self-sufficiency, and the
probability of livestock getting killed by leopards. Higher educational status,
male gender and greater self-sufficiency of respondents resulted in a higher
positive response rate (80%) for supporting conservation. The higher level
of religious tolerance towards tigers and access to conservation benefits by
people living in the buffer zone also has a positive role in conservation. Be-
cause there are no religious tolerance towards leopards and they are the most
damaging predator’s strategies should ideally focus on the conservation of
leopards in a human-dominated landscape.

Keywords

economic loss, human attitudes towards conservation, leopard, livestock
loss, tiger.



5.1

5.1 Introduction

Introduction

Worldwide, large carnivore populations have declined for a variety of rea-
sons, but mostly due to human interventions (Woodroffe & Ginsberg, 1998;
Karanth & Chellam, 2009). Poaching for traditional medicine and furs, hab-
itat destruction and depletion of their natural prey are major threats (Smith
et al., 1998; Treves & Karanth, 2003).

Several studies reported increased conflicts between people and large car-
nivores in areas where large carnivore populations have started to increase
(Saberwal et al., 1994; Treves & Karanth, 2003; Inskip & Zimmermann, 2009;
Seidensticker, 2010; Silwal et al., 2017). This kind of interactions where the
needs and behaviour of wildlife has a negative impact on humans or vice
versa is called human-wildlife conflict (Madden, 2004). However, the use of
term human-wildlife conflict is misleading because, in reality, it is a conflict
between conservation and other human interests (Peterson et al., 2010; Red-
path et al,, 2015; Fisher, 2016).

Predatory attacks on livestock are presently one of the most critical chal-
lenges faced by livestock owners living near protected areas, with tigers and
leopards annually killing 118 livestock in Bardia and 123 livestock in Chitwan
National Park (Lamichhane et al., 2018). In spite of these losses, people living
around protected areas in Asia have always been relatively tolerant towards
wildlife (Dinerstein et al., 2007; Karanth & Nepal, 2012) compared to indig-
enous people from other regions of the world. Whereas sometimes cultural
values and beliefs support wildlife conservation, livestock depredation events
often lead to retaliatory killing, as is the case with lions in Africa (Bauer &
Iongh, 2005). Trophy hunting also had an adverse effect on the population
density of lions (Croes et al., 2011).

As the successful recovery of both leopard and tiger population depends a
great deal on their capacity to co-exist with humans, adequate implementa-
tion of conflict mitigation measures is key to any protected area in which ti-
ger and leopard are managed in the vicinity of the human population (Treves
et al., 2006; Woodroffe et al., 2007; Carter et al., 2012).

In view of this, the aim of our study was (1) to identify the probability of
livestock loss due to attacks by predators and due to other factors, such as
disease and flooding, in different sectors of the buffer zone of Bardia; (2) to
quantify the economic damage to resident communities due to predatory
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attacks; and (3) to assess the attitude of residents towards the conservation
of tigers, leopards and other wildlife, and the factors underlying this attitude.

5.1.1 Study Area

Bardia National Park (henceforth Bardia, IUCN, Category II) established in
1976, is located in South-western Nepal (N: 28.2630 to 28.6711; E: 80.1360 to
81.7645) (Figure 5.1). It is the largest national park in the plains (Terai) of Ne-
pal with a surface area of 968 km? (DNPWC, 2018). It is one of the prime hab-
itats for tiger and leopard in Nepal (Walston et al., 2010). The buffer zone of
Bardia was established in 1996 with an area of 327 km?. In 2010 an additional
180 km?of the Surkhet district was included in the buffer zone which mainly
consists of hilly terrain. Buffer zone regulations have provisioned 30 to 50%
of the revenue generated by the protected area to be invested in measures
that should minimize damages caused by wildlife (Baral & Heinen, 2007).
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Figure 5.1

Bardia National Park and its buffer zone showing the study sectors, surveyed households and cases of
reported livestock loss.
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5.2 Methods

The rapid expansion of human settlements, habitat degradation, and poach-
ing has caused tiger numbers to plummet to 18 individuals inside the park
in 2009. In recent years however, the Bardia tiger population has rapidly in-
creased to 50 individuals in 2013 and density of prey is 92.6/km? (Dhakal et
al., 2014). Leopard number has not been recently assessed in Bardia, but We-
gge et al. (2009) estimated 5 individuals/100 km?.

The park has three distinct seasons: winter (late-September to mid-Feb-
ruary), summer (mid-February to mid-June) and monsoon (mid-June to Sep-
tember). Temperature could rise to a maximum of 45°C and annual rainfall
is 1500 mm (Dinerstein, 1979; DNPWC, 2018). Flooding that took place in
2014 contributed to a significant amount of damage to human and livestock
(Bhattarai et al., 2016). However, loss of wildlife was not documented.

Indigenous Tharu people and migrants from the hills (Pahade) inhabit the
buffer zone of the park (Bhattarai et al., 2016). The majority of households
are involved in subsistence farming supplemented by the use of forest and
grassland for grazing livestock (Thapa Karki, 2013). Paddy and maize are
grown mainly in the monsoon, whereas wheat, mustard, and lentils are cul-
tivated in winter for domestic consumption (Studsred & Wegge, 1995). Live-
stock kept by villagers mainly include cow, buffalo, oxen, sheep, goats, pigs
and chickens which are primarily kept for their milk, eggs, meat, manure and
draft power (Thapa Karki, 2013).

Methods

5.2.1 Data collection

We used a semi-structured questionnaire (Supplementary material 5.1) sur-
vey (adapted from Sogbohossou et al., 2011 and Bhattarai & Fischer, 2014)
of 297 households which were opportunistically selected in each of our four
study sectors, taking into account the size and the total number of house-
holds in each sector (Table 5.1). The questionnaire was reviewed and we re-
ceived ethical approval from the Institute of Environmental Science, Leiden
University. Between May and August 2015 the heads of each selected house-
hold were interviewed taking verbal consent before starting the interview.
Interviews were conducted in the Nepali language by native Nepali and Tha-
ru language speaking assistants, who also worked as tourist guides in Bardia.
They were trained and instructed on the structure and purpose of the ques-
tionnaire before the interview, and during the course of the survey regular as-
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Table 5.1

sessments were performed to limit any bias which could have resulted from

their positive attitude to conservation as professional nature guides.

The number of households interviewed per sector and village development committee.

Sector Old Village Develop- New Local body# Number of Households
ment Committees * households interviewed
Thakurdwara  Bagnaha, Thakurd- Madhuban Munic 5265 87
(TK) wara, Suryapatuwa, ipality, Thakurbaba
Neulapur, Shivapur Municipality.
Eastern (ES) Chisapani, Basgadhi, Basgadhi Municipality, 4414 53
Motipur, Dhadhawar, ~ Warbardia Munici-
Magaragadhi pality.
Western (WS)  Manau, Pashupati- Geruwa Rural Munic- 5099 80
nagar, Gola, Patabhar ipality.
Northern (NS) Bheriganga, Taranga,  Bheriganga Munici- 1856 77
Lekhparajul, pality, Barahtal Rural
Municipality.
Total 16634 297

*Thapa & Chapman, (2010).
# New local bodies have been formed by the Ministry of Federal Affairs and Local Development, Govern-
ment of Nepal (MoFALD, 2017).
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The surveyed communities were divided into four sectors based on their lo-
cation inside the park management sectors and taking into account relative
densities of livestock and natural prey in these sectors, as contributing fac-
tors to the probability of predatory attacks on livestock: The Thakurdwara
sector (TK) and Western sector (WS) which were characterized by relatively
high densities of both natural prey and livestock, and the Eastern sector (ES)
and Northern sector (NS) with relatively low densities of natural prey and
high densities of livestock.

5.2.2 Data analyses and statistics

Three logistic models were created to estimate (i) the overall probability of
loss of livestock and poultry (including loss due to wildlife attacks and other
factors such as disease, natural calamities); (ii) probability of loss due to wild-
life; and (iii) the probability of loss due to leopards.



5.3

5.3 Results

To analyze the economic damage, i.e. the costs of livestock losses due to
predatory attacks and other factors, we developed a linear model for eco-
nomic loss.

We also created logistic models for attitude (which was either positive [1]
or negative [0]) towards (i) wildlife in general; (ii) wildlife conservation in
general; (iii) wildlife conservation when family members had in some way
experienced a negative impact from wildlife; and (iv) wildlife conservation in
case of livestock losses due to predatory attacks. All our models were created
in R (R Core Team, 2018). The model’s likelihood ratio test (LRT) was used
to compare all models with and without independent variables (Bolker et al.,
2009). All variables are listed in Supplementary Table 5.1.

Results

Respondents were 16 to 76 years old (40 on average), 254 of whom were male
and 43 female. In terms of educational status, 14% of the respondents were
illiterate and 86% literate (24% — basic education, 18% — primary level, 23%
— lower secondary, 14% — secondary level, and 8% - higher secondary or uni-
versity level education). 52% of the respondents were able to sustain for 9-12
months, whereas 48% sustained for less than 9 months on their own crop
production. Respondents were of several cultural backgrounds, with 37%
Brahmin or Chhetri, 46% Tharus, 11% Dalits and 6% from another ethnic
group. Around 85% of the respondents were farmers. The average household
size was 5.13 persons. The average number of livestock kept by respondents
was as follows: cow/ox-1.56, sheep/goat-4.49, buffalo-0.95, and pig-0.58. The
percentage of livestock in different sectors were as follows: Thakurdwara-
23%, Western-21%, Eastern-13%, and Northern-43%.

Around 59% of the respondent households were located within 2 km from
the park boundary, 36% between 3-4 km, and 4% at more than 5 km from
the park boundary. In total, 131 (44%) household heads reported the loss of
livestock and poultry either due to predatory attacks (92 cases, 70%) or due
to other factors (disease and flooding) (39 cases, 30%). There were 92 cases
of deadly attacks on livestock and poultry reported, of which eight (8%) were
due to tiger (which was confirmed by official park records), 78 (85%) due to
leopard and six (7%) incidents due to other wildlife, viz. fox (Vulpes vulpes),
jackal (Canis aureus), crocodile (Crocodylus palustris), python (Python bivi-
ttatus), eagle (Aquila spp.) and jackal (Canis aureus). Tigers kills comprised
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94% cattle and 6% water buffalo, whereas leopards kills comprised 68% goats,
12% sheep, 14% pig and 6% cattle. Crocodile and fox killed goats whereas
other wildlife killed poultry. Predatory attacks took place more often in sum-
mer (46%) and winter (35%) than in the monsoon season (19%). 81% of losses
occurred inside the village and 19% away from habitation, in forest habitat.
Most respondents were able to distinguish a tiger from a leopard based on
photographs (c. 90%). They were able to recognize the predators based on
pugmarks at the kill site and bite marks on the livestock carcass, which was
verified by a park authority representative during compensation claim veri-
fications.

5.3.1 Probability of loss

The probability of livestock loss per household for each study sector, with
their respective causes are shown in Table 5.2. The overall probability of live-
stock loss was positively related to incidences of livestock grazing inside the
community forest (p = 0.004), ethnic group (p = 0.04), the number of pigs
owned by the respondent (p = 0.02) and study sector (p = 0.02). Attacks on
livestock by leopards showed a strong relation with study sector (p < 0.001)
(Supplementary Table 5.2). Incidences of livestock grazing inside the govern-
ment forest (p = 0.04), ethnic group (p = 0.04), number of goats and sheep
owned (p = 0.02) and number of pigs owned (p = 0.01) were significantly re-
lated to study sector (Supplementary Table 5.2).

Table 5.2
Probabilities of livestock loss per household in each study sector due to tigers, leopards
and other causes.

Sector Loss due to
Wildlife Big cats Tiger Leopard Other
causes
Thakurdwara 0.30 0.24 0.02 0.22 0.43
Eastern 0.38 0.38 0.02 0.36 0.43
Western 0.10 0.09 0.06 0.03 0.35
Northern 0.55 0.53 0.01 0.52 0.69
All sectors 0.32 0.30 0.03 0.27 0.47

In all three models, the highest probability of livestock loss was found for the
Northern sector (c. 50%), followed by the Eastern sector (c. 30%), and the
Thakurdwara sector (c. 20%) (Figure 5.2a).



5.3 Results

@) b)

Probaiity of e
Freim ity ol

. L .
ey gy Lo~

Figure 5.2
Probability of loss due to leopards, a) according to study sector, b) according to ethnic group.

Our results show that in all three models the probability of loss for the Tharu
ethnic group was smaller than for other ethnic groups (Figure 5.2b). Around
79% of the predatory attacks took place when the livestock was held inside
their corals and 52% occurred during the night.

5.3.2 Economic loss

The total costs of livestock lost due to predatory attacks and other factors
amounted to $ 22,927 (1 USD = 105 Nepali Rupees) for the surveyed house-
holds, of which $ 14,573 (63.5%) was lost due to predatory attacks and $ 8,353
(36.5%) due to other factors (Table 5.3). The average cost of each livestock
species ranged from $30 to $50, depending upon their size.

Table 5.3
Costs (in USD) of overall loss, loss due to predatory attacks and loss due to other factors in each
study sector.

Sector Total Average Loss due Average Loss due Average
Loss per house-  to wildlife per household to other per household
hold impact- impacted by  factors  impacted by
ed in general predatory loss loss due to
other factors

Thakurdwara 2995 34 2507 29 488 6

Eastern 2067 39 1676 32 391 7

Western 7446 93 2181 27 5265 66

Northern 10419 135 8210 107 2209 29

All sectors 22927 75 14574 49 8353 27

The linear model suggests that the most important factors contributing to
predation-related economic loss were study sector (p < 0.001) and distance
to the national park (p = 0.003) (Table 5.4).
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Table 5.4
Linear model results for economic loss due to wildlife; results of the likelihood ratio test are shown.

Economic Loss

Variables Df Deviance AIC LRT Pr
Sector 3 139.39 407.43 19.8562  0.0001818 ***
Number of cow and ox 1 124.96 396.68 5.1021  0.0238966 *
Number of goat and sheep 1 124.96 396.68 5.1066  0.0238355 *
Number of buffalo 1 120.54 391.82 0.2473  0.6189475
Number of pig 1 121.44 392.82 12455 02644177
Number of poultry 1 122.88 394.41 28374  0.0920938.
Loss due to wildlife 1 122.92 394.46 2.8805 0.0896566 .
Loss due to others 1 122.52 394.02 2.4443  0.1179525
Distance to National Park 1 128.52 400.47 8.8931  0.0028624 **

5.3.3 Attitude towards wildlife

Of the 270 responses on questions related to ‘attitude towards wildlife, 85%
was positive. In addition, 93% of the respondents were positive about the
conservation of wildlife in general, even when some of their family members
had suffered wildlife-related losses in the past. About 80% of the respondents
who had suffered livestock losses from predatory attacks themselves in the
past, indicated that they are still in support of wildlife protection and conser-
vation (Table 5.5).

Table 5.5
Attitude towards wildlife in percentage of households for each study sector.

Sector Positive attitude Willingness to

towards

> Supportfor  Support with  Support with
conservation

conservation family affected livestock lost

Thakurdwara 0.90 0.95 0.97 0.97
Eastern 0.73 0.93 0.87 0.76
Western 0.99 0.99 0.96 0.96
Northern 0.73 0.84 0.88 0.46
All sectors 0.85 0.93 0.93 0.80
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5.4 Discussion

Our logistic model on the attitude towards wildlife showed that of all study
sectors, respondents from the Western sector were most positive towards
conservation, followed by Thakurdwara, Eastern, and Northern sector re-
spectively (p = 0.03). Respondents with a higher level of education were gen-
erally more positive towards wildlife in general (p = 0.004) and willing to
conserve wildlife (p = 0.02). Respondents who were generally self-sufficient
(i.e. generating crop yields that could sustain their household throughout
the year) were more positive about wildlife conservation in general than re-
spondents who were not self-sufficient (p = 0.03). With respect to gender,
male respondents were more positive about wildlife conservation than fe-
males (p = 0.10) (Supplementary Table 5.3). Remarkably, respondents who
had suffered livestock losses due to tiger attacks had a positive attitude to-
wards wildlife conservation (p = 0.06).

The model on attitude towards wildlife conservation shows that self-suffi-
ciency and education level were positively related to a positive attitude (p =
0.01 and 0.02), even when family members had suffered livestock losses from
predatory attacks. There is an indication that the overall probability of loss
affects the attitude towards conservation (p = 0.06) (Supplementary Table
5.3).

The attitude of respondents, who had suffered livestock losses themselves,
varied between the study sectors. Around 98% of the respondents of the
Thakurdwara and Western sectors, 80% in the Eastern sector and 50% from
the Northern sector were positive towards wildlife conservation, despite hav-
ing suffered livestock losses due to predatory attacks themselves (Table 5.5).
The positive response increased with educational level (illiterate-60%, pri-
mary level-80%; p < 0.001). Similarly, the overall probability of livestock loss
also showed some effect on positive attitude (p = 0.03).

Discussion

Household surveys provide insight into how people live and interact with
wildlife. We found that leopard caused most livestock killing, similar to
Acharya et al., (2016) who reported that leopards contributed to 21% wild-
life-induced livestock losses in Nepal. Signs of leopards were mostly found
towards the fringe of park in Bardia (Studsred & Wegge, 1995; Tamang &
Baral, 2008; Upadhyaya et al., 2018) as reported in Chitwan National Park
(Bhattarai & Kindlmann, 2012) and Macharia National Park, Pakistan (Dar
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et al., 2009). Loss of livestock was related to their number which is similar
to findings of Tamang & Baral (2008) from Bardia, Oli et al. (1994) from the
Annapurna conservation area, Nepal and Wang & Macdonald (2006) from
Bhutan. Livestock depredation was higher in the corals as reported by Tama-
ng & Baral, (2008).

Tharu people reported minimal losses, although the number of livestock
owned by them was comparable to people of other ethnic groups. This may
be related to the Tharu’s long experience of living with wildlife as an indig-
enous group and their adaptation through better livestock husbandry prac-
tices (Kolipaka et al., 2017 ). Distance to the park boundary is an important
determinant of predatory attacks on livestock and increased at a distance of
5-12 km in Bardia and Waza National Park, Cameroon (Studsred & Wegge,
1995; Van Bommel et al., 2007).

Households in the Northern sector suffered considerably higher econom-
ic damage compared to other sectors, which may be attributed to the poor
husbandry techniques. Poorer respondents substantially lost more livestock
compared to wealthier respondents who could afford better protection and
husbandry techniques (Saberwal et al., 1994). The lives of people from mar-
ginalized groups could be heavily impacted by such financial losses (Manral
etal.,, 2016).

Economic loss due to predatory attacks was comparable to losses due to
other causes, which in our study area were related primarily to two natural
events: an unexpected flood in 2014, which caused a sudden rise in deaths
of livestock, and a bird-flu outbreak which led to great losses among poultry.
In other areas where human-carnivore conflicts are considered to be a ma-
jor cause of economic losses, non-wildlife factors, such as disease and theft,
were actually contributing a greater deal to overall economic losses (Dar et
al., 2009; Tumenta et al., 2013), compared to predation.

The difference in attitude between respondents from the Western study sec-
tor (98% had a positive attitude towards wildlife conservation) and respond-
ents from the Northern sector (around 70% were positive), is very likely to be
a consequence of the differences in numbers of livestock lost between these
two sectors. In addition, respondents from the Northern sector were general-
ly dissatisfied due to the lack of benefits they are gaining from the Buffer zone
program. Pant et al. (2016) showed that a positive attitude is also related to
human safety. Although people’s attitudes towards wildlife can be influenced
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by predatory attacks and other wildlife-related financial losses (Reskaft et al.,
2007), and that people are more tolerant towards wildlife if they derive ben-
efits from the park (Allendorf et al., 2007; Baral & Heinen, 2007; Romanach
et al., 2007; Wegge et al., 2018). Active involvement of local communities in
planning, executing and managing small-scale conservation projects, lead to
a positive attitude towards conservation (Nepal, 2002).

Despite the differences, we found in attitude towards conservation between
the study sectors, overall c. 65% and c. 80% of all our respondents had a posi-
tive attitude towards conservation, even when a leopard or tiger, respectively,
had killed their livestock. The fact that tigers were ‘slightly in favour’ by our
respondents is a clear reflection of the cultural values of people in this region
(Bhattarai & Fischer, 2014; Kolipaka et al., 2015). People from Bardia believe
that tigers are the vehicle of the goddess of might and should not be harmed
(Bhattarai & Fischer, 2014).

Respondents with a higher level of education and self-sufficiency had a posi-
tive attitude towards conservation, which is comparable to other studies (Al-
lendorf et al., 2006; Sarker & Rgskaft, 2011; Sogbohossou et al., 2011; Tumen-
ta et al., 2013; Bhattarai & Fischer, 2014). In Bangladesh, wealthy respondents
favoured wildlife conservation 7.4 times more than their less wealthy peers
(Sarker & Roskaft, 2011). People who have to rely on a single livelihood or
few resources are more vulnerable to the impact of depredation (Ogra, 2008;
Dickman, 2010). Generally, more educated people are less dependent on
natural resources for their sustenance, than their less educated neighbours
(Dickman, 2010). Since education can be an important tool in wildlife con-
servation at the local scale (Nepal & Weber, 1995), conservation authorities
in Bardia could use this information to enhance existing indigenous knowl-
edge and technologies in order to reduce risky human-wildlife interactions
(Kolipaka et al., 2017). Female respondents had a less positive attitude to-
wards conservation compared to the male respondents, may be linked to
the risks women are exposed to due to their involvement in collecting forest
resources, making them more vigilant in the vicinity of wildlife than men
(Allendorf, 2010; Bhattarai & Fischer, 2014). However, we cannot generalize
this because of the low number of female respondents in our study. Carter et
al. (2014) also reported that women, less educated persons and people from
marginalized groups more often have negative attitudes, specifically towards
tigers.
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Based on these considerations, we believe our findings could be of great value
to Bardia wildlife managers and other conservation authorities in the region.
They could help in predicting where interactions with tigers and leopards
are likely to lead to problems and to design intervention strategies that could
reduce financial losses due to conflicts (Kansky & Knight, 2014). Mitigation
measures in and around Bardia should consider the specialized behavioral
traits of cat species involved in the conflict. In order to reduce the impact of
carnivores on livestock loss we recommend (1) improvements in enclosure
and herding practices; (2) reducing the number of livestock kept, by diver-
sifying economy; (3) implementation of a community-based livestock insur-
ance program; and (4) establishing an early warning system.
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Supplementary materials

Supplementary material 5.1

Questionnaire used for survey

Name of interviewer:

Date: Time:

Address: Muncipality/VDC: Ward No: Village:

Consumer group:

GPS location: N- E- Elevation-

Questionnaire for Interview on assessing Human-wildlife conflict

1 Name:

2 Age: Gender (Male/Female) (Score 1,2):

3 Occupation:

4 Family members: Male Female Children (below 15 years age)-

5 Ethnic group (Score 1, 2, 3, 4, 5):
a Bahun/Chhetri
b Tharu
c Janjati
d Dalit

e Other (mention)

6 Distance from park boundary (GPS location)(Score 1,2, 3,4):
a Otolkm
b 1to3km
¢ 3to5km

d Above 5 km

7 Where were you born? (if different from present address)
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8 When did you come to stay(Score 1, 2, 3, 4, 5)
a 0-5years
b 5-10years
¢ 10-20 years
d 20-30 years

e Before 30 years

9 Why did you come to live here?

10 Can differentiate between tiger, leopard and other animals (Yes/No) (Score 0, 1).
(Take help of photograph)

11 Source of livelihood (Number of months in a year-Score 1, 2, 3, 4, 5)
a Crop
b Livestock
¢ Employment
d Business

e Seasonal labour

f Others

12 What are the activities of other family members?

13 How long does the interviewee sustain on own crops and livestock
(Select ONLY one-Score 1, 2, 3, 4, 5, 6)

a Less than 3 months
b 3 months

¢ 3-6 months

d 6-9 months

e 9-12 months

f More than a year
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14 Livestock holding (Number)(Score-Big cattles-1, Small cattles-2, Poultry-3)

a

b

Cow/Ox
Buffalo
Goat/Sheep
Pig

Poultry

Fishery

15 Which source is utilized for livestock rearing (Give preference from 1 to 4 on the

basis of priority)

a
b
d

d

National Park
Community forest
Government forest

Private land

16 Reason for livestock loss last year

a
b
d

d

e

Natural (Number and name of livestock):
Disease (Number and name of livestock):

Theft (Number and name of livestock):

Wildlife attack (Number and name of livestock):

Accident (Number and name of livestock):

17 Monetary value of loss (in NPR):

18 Number of own livestock lost in a tiger/leopard/other wildlife attack within this

year (Name of livestock and number)

Place: Date: Time:

a

Tiger

b Leopard

C

Other wildlife(name of wildlife)

93



5 Defining the risks of attacks by predators around protected areas

19 Attack on family members or relatives by wildlife within last 20 years
(If yes, place, time, date, gender and age of victim, injury or death)

Place: Name of person:
Age/Gender: Date: Time
a Tiger

b Leopard

¢ Other wildlife (name of wildlife)

20 Have you seen a tiger or leopard in your area in the last five years (Yes/No)
(Score 1, 0)

21 What was the frequency of seeing the tiger or leopard during past 5 years
(Score 1to 5)

22 Opinion towards tiger/leopard/other wildlife (Score 1,0)
a Dislike b Like

23 Do you want to conserve wild animals?(Yes/No)(Score 1,0)

24 Support for tiger/leopard conservation even if a family member is affected
(Score 1,-1,0-ONE option)
a Agree b Disagree ¢ Neutral

25 Support for tiger/leopard even if livestock is killed (Score 1,-1,0-ONE option)
a Agree b Disagree ¢ Neutral

26 Education level (Score 1, 2, 3, 4, 5, 6):
a Illiterate
b Literate
¢ Primary
d Secondary

e Higher secondary/University
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Description of the independent variables used in our models.

Supplementary materials

Variable Description Value

Sector Sector of the buffer zone Categorical variable

Distance Distance of the village to the park Score (1 to 4) 1: nearest (with-
boundary in 2 km); 4: farthest.

Age Age of the respondent Continuous variable

Gender Gender of the respondent Categorical variable

Ethnic group

Ethnic group to which respondent
belongs

Categorical variable

Household size

Number of members in the household

Continuous variable

Cattle owned

Number of cattle owned

Continuous variable

Self sufficiency

For how long does the respondent
can sustain form their own land.

Score (1 to 6) 1: sufficient for 3
months; 6: sufficient for more
than a year.

wildlife even when
livestock is killed by
wildlife

Recognize tiger, Can distinguish a tiger from a leopard | Score (1,0)
leopard (with the help of a photograph) (Yes/

No).
Opinion towards Whether the respondent had positive | Score (1,0)
wildlife or a negative opinion towards wild-

life(Yes/ No)
Want to Conserve | Whether the respondent wants to Score (1,0)
wildlife conserve wildlife(Yes/ No)
Want to conserve Whether the respondent wants to Score (1,0)
wildlife even when | conserve wildlife even when family
family members are | members are affected by wildlife(Yes/
affected No)
Want to conserve Whether the respondent wants to Score (1,0)

conserve wildlife even when livestock
is killed by wildlife(Yes/ No)

Education Educational level of the respondent Score (1 to 6) 1: llliterate; 6:
high school or college level
education.

Overall loss Loss of livestock due to all causes Score (1,0)

(Yes/No)
Loss due to wildlife | Loss of livestock due to wildlife (Yes/ | Score (1,0)

No)
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Loss due to big wild | Loss of livestock due to big cats (tiger | Score (1,0)

cats and leopard) (Yes/No)

Loss due to tigers Loss of livestock due to tigers (Yes/ Score (1,0)
No)

Loss due to Loss of livestock due to leopards (Yes/ | Score (1,0)

leopards No)

Supplementary Table 2

Logistic models for the probability of loss; results of the likelihood ratio test are

shown.

Overall probability of loss:

Variables Df Deviance AIC LRT Pr(>Chi)
Sector 3 322.44 348.44 6.4348 0.092271.
Distance to National Park 1 316.32 346.32 0.3161 0.573938
National Park 1 318.88 348.88 2.8763 0.089895 .
Community Forest 1 32433 354.33 8.3306 0.003898 **
Government Forest 1 316.76 346.76 0.7543 0.385115
Own Land 1 319.57 349.57 3.5640 0.059046 .
Number of Times seen 1 31874 348.74 2.7335 0.098267 .
Caste 1 320.04 350.04 4.0363 0.044531*
Number of goat and sheep 1 318.45 348.45 2.4473 0.117726
Number of cow and ox 1 319.40 349.40 3.4007 0.065170.
Number of pig 1 321.44 351.44 5.4372 0.019712 *
Number of buffalo 1 316.25 346.25 0.2520 0.615642
Education level 1 317.89 347.89 1.8900 0.169199
Probability of loss due to Wildlife:

Sector 3 286.67 312.67 10.2903 0.01625 *
Distance to National Park 1 278.94 308.94 2.5578 0.10975
National Park 1 277.04 307.04 0.6553 0.41824
Community Forest 1 277.45 307.45 1.0735 0.30016
Government Forest 1 280.56 310.56 4.1836 0.04082 *
Own Land 1 276.57 306.57 0.1890 0.66376
Number of Times seen 1 277.60 307.60 1.2140 0.27054
Caste 1 280.44 310.44 4.0550 0.04404 *
Number of goat and sheep 1 281.87 311.87 5.4902 0.01912 *
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Number of cow and ox 1 277.23 307.23 0.8511 0.35623
Number of pig 1 282.38 312.38 5.9988 0.01432 *
Number of buffalo 1 277.14 307.14 0.7557 0.38468
Education level 1 276.44 306.44 0.0637 0.80068
Probability of loss due to Leopard:

Sector 3 254.60 280.60 24.3283 2.133e-05 ***
Distance to National Park 1 231.11 261.11 0.8313 0.3618857
National Park 1 231.36 261.36 1.0811 0.2984409
Community Forest 1 230.82 260.82 0.5496 0.4584844
Government Forest 1 232.12 262.12 1.8433 0.1745697
Own Land 1 230.97 260.97 0.6917 0.4055888
Number of Times seen 1 230.59 260.59 0.3102 0.5775518
Caste 1 237.28 267.28 7.0071 0.0081189 **
Number of goat and sheep 1 24221 272.21 11.9338 0.0005512 ***
Number of cow and ox 1 230.37 260.37 0.0954 0.7574018
Number of pig 1 235.85 265.85 5.5722 0.0182473 *
Number of buffalo 1 230.90 260.90 0.6230 0.4299252
Education level 1 230.68 260.68 0.4063 0.5238361
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Supplementary Table 3

Logistic models of attitude towards wildlife; results of likelihood ratio test are

shown.

Attitude towards wildlife

Variables Df | Deviance AIC LRT Pr(>Chi)
Sector 3 154.69 200.69 8.7119 | 0.033378 *
Gender 1 150.40 200.40 4.4167 | 0.035589 *
Age 1 147.55 197.55 1.5708 | 0.210096
Recognize between tiger and leopard 1 146.83 196.83 0.8499 | 0.356570
Self sufficiency 1 146.15 196.15 0.1654 | 0.684269
Education 1 154.07 204.07 8.0957 | 0.004437 **
Overall probability of a kill 1 146.60 196.60 0.6179 | 0.431821
Probability of kill by wildlife 1 146.94 196.94 0.9639 | 0.326206
Probability of kill by a leopard 1 148.22 198.22 2.2393 | 0.134545
Probability of human kill by a tiger 1 146.05 196.05 0.0741 | 0.785529
Probability of human kill by other 6 152.85 192.85 6.8728 | 0.332775
wildlife

Probability of kill by a tiger 1 14891 19891 29304 | 0.086928.
Probability of kill by other wildlife 6 151.63 191.63 5.6499 | 0.463533
Attitude towards wildlife conservation

Sector 3 89.982 133.98 4.0069 | 0.26072
Gender 1 88.755 136.75 27792 | 0.09550.
Recognize between tiger and leopard 1 86.924 134.92 0.9488 | 0.33003
Self sufficiency 1 90.539 138.54 4.5636 | 0.03266*
Education 1 91.643 139.64 5.6681 0.01728 *
Overall probability of a kill 1 85.976 133.98 0.0003 | 0.98568
Probability of kill by wildlife 1 87.442 135.44 1.4669 | 0.22583
Probability of kill by a leopard 1 87.838 135.84 1.8630 | 0.17228
Probability of human kill by a tiger 1 86.022 134.02 0.0463 | 0.82971
Probability of human kill by other 6 87.861 125.86 1.8855 | 0.92992
wildlife

Probability of kill by a tiger 1 89.387 137.39 34116 | 0.06474 .
Probability of kill by other wildlife 6 87.880 125.88 1.9048 | 0.92824
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Attitude towards wildlife conservation even if a family member is affected

Sector 3 102.36 146.35 2.0058 | 0.57121
Gender 1 101.74 149.74 1.3922 | 0.23803
Recognize between tiger and leopard 1 101.07 149.07 0.7248 | 0.39459
Self sufficiency 1 106.89 154.89 6.5439 | 0.01052*
Education 1 105.72 153.72 53679 | 0.02051*
Overall probability of a kill 1 103.83 151.82 3.4752 | 0.06229.
Probability of kill by wildlife 1 100.35 148.35 0.0000 1.00000
Probability of kill by a leopard 1 101.94 149.94 1.5861 | 0.20788
Probability of human kill by a tiger 1 100.54 148.54 0.1861 | 0.66621
Probability of human kill by other 6 102.82 140.82 24715 | 0.87165
wildlife

Probability of kill by a tiger 1 102.08 150.08 17271 | 0.18878
Probability of kill by other wildlife 6 102.97 140.97 26255 | 0.85417
Attitude towards wildlife conservation even if a livestock is killed

Sector 3 192.30 236.30 50.556 | 6.081e-11 ***
Gender 1 141.93 189.93 0.181 0.67057
Recognize between tiger and leopard 1 141.99 189.99 0.243 | 0.62196
Self sufficiency 1 142.45 190.45 0.705 | 0.40106
Education 1 166.18 214.18 24.429 | 7.710e-07 ***
Overall probability of a kill 1 146.36 194.36 4617 | 0.03165*
Probability of kill by wildlife 1 141.88 189.88 0.136 | 0.71200
Probability of kill by a leopard 1 142.24 190.24 0.493 | 0.48251
Probability of human kill by a tiger 1 141.82 189.82 0.072 | 0.78800
Probability of human kill by other 6 148.74 186.74 6.992 | 0.32160
wildlife

Probability of kill by a tiger 1 142.77 190.77 1.025 | 0.31132
Probability of kill by other wildlife 6 142.22 180.22 0.479 | 0.99809
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Context

Around the world, wild large mammals have co-existed with humans and
their livestock for over ten thousand years (Pereira et al., 2012). Evidence
exists from the Pleistocene era of the interactions between large carnivores
and early humans, who not only hunted large carnivores for meat, but may
have also scavenged on prey killed by large carnivores (Oliver, 1994, Treves
& Naughton-Treves, 1999).

Large carnivores require large habitats, and human-induced degradation and
fragmentation of habitats over the past decades is regarded as a major threat
to their survival. Their large home ranges, low population densities and slow
population growth rates further make them vulnerable to extinction (Dick-
man, 2010). The world’s growing human population and the resulting de-
mand for food, space and natural resources hence poses a great threat to
large carnivores and their habitats. Several species of large carnivores world-
wide have shown strong population declines in the past decades while at the
same time the frequency of conflicts with humans has increased (Inskip &
Zimmermann, 2009; Karanth & Chellam, 2009). In Nepal, such conflicts
have also increased over the past years, as a result of expanding human settle-
ments near buffer zones of protected areas (Bhattarai & Fischer, 2014; Silwal
et al.,, 2017), but possibly also due to increasing wildlife numbers inside some
of the national parks following improved wildlife conservation measures.

The majority of wildlife induced fatalities among people for Nepal had been
reported from Chitwan National Park (Gurung et al., 2008; Silwal et al., 2017;
Dhungana et al., 2017; Lamichhane et al., 2018), where the conflict problem
is severe. During 1979-2006 for example, 88 humans were killed by tigers in
Chitwan (Gurung et al., 2008). For Bardia National Park cases in which hu-
mans were killed by wildlife had also been reported, although average num-
bers of fatalities were lower than for Chitwan. During 1994 to 2007 tigers had
been responsible for 0.93 fatal attacks per year in Bardia (Bhattarai & Fischer,
2014).

Where tigers and leopards occupy the same habitat, interspecies competition
could lead to the displacement of leopards towards park edges (Odden &
Wegge, 2005; Harihar et al., 2011; Mondal et al., 2012). In order to promote
successful management practices in and around BNP that take into account
the current human-wildlife conflict situation, the present research focused
on tiger and leopard interactions and prey selection in Bardia National Park,
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6.2 Interactions between tigers and leopards

and how this is related to the conflict incidences occurring in the area. One
objective of my study was to assess whether any spatial and temporal patterns
of overlap between the activities of tigers and leopards were present. I also
studied the spatiotemporal patterns of conflict incidences and identified the
major conflict causing wildlife species in the study area. Finally, I examined
the perception and attitudes of local communities towards conservation in
general and towards the conservation of big wild cats in particular. As the
population of tigers is increasing inside the park, I hypothesized that young
tigers and leopards may be pushed out of the park. From my results, I for-
mulated recommendations for the conservation of tigers and leopards in the
human dominated landscape of Bardia.

Interactions between tigers and leopards

In chapter 2, I studied the spatiotemporal interaction between two sympatric
carnivores. Tigers and leopards are sympatric in most of their distributional
range in Asia, and typically inhabit similar habitat. Both species are regarded
as umbrella species because of their function at the top of the ecosystem. Due
to their elusive nature and low densities, research based on direct observa-
tions is difficult. For this study camera traps were therefore used. The park
was divided into a core zone and a boundary zone. I found that there was
no significant difference in the activity of tigers and leopards between 2013
and 2016. Spatial avoidance between the two species was evident in the core
zone but not in the boundary zone, confirming our hypothesis that leopards
may have been forced from the core zone into the boundary zone by tigers.
In Bardia, habitat and space use partitioning may thus play an important role
in the co-existence of tigers and leopards. Leopards were found to be more
active during the daytime whereas tigers were mostly active during dawn and
dusk. Leopards appeared to temporally avoid tigers in the core zone, while
this was not the case near the human dominated area i.e. in the boundary
zone. This could be the result of the fact that tigers in the boundary zone may
be sub-adult tigers displaced from their home range. Kolipaka et al. (2017)
also mentioned the dispersal of young tigers towards the park boundary.
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Diet and prey preference of tigers and leopards

In chapter 3, I studied the diet composition and prey preferences of tigers in
BNP. Knowledge on diet composition and prey preferences could support
conservation action plans for both the predator and the prey species. The
polymerase chain reaction (PCR) technique was used for the identification
of species and sex from scat samples. Prey remains were identified to species
level through microscopic hair morphology analysis. Of the 101 scats col-
lected, extraction of DNA and PCR analysis was successful for 84 samples,
of which 75 originated from tigers and nine from leopards. From the tiger
scat samples 34 were determined to belong to males and 41 to females. The
amplified PCR product size was 162 bp for tiger and 130 bp for leopard. The
amplified PCR product of nuclear DNA of males had two bands measuring
194 bp and 214 bp, whereas females had one band of 214 bp. Due to the
small sample size of leopard scats collected, only tigers were included in the
analyses. We found seven and six prey species in the diet of male tigers and
female tigers, respectively. The diet of male and female tigers did not differ
significantly, with chital as the most abundant prey species for both sexes.
Leopards were found to positively select wild boar, hog deer and sheep and
goats (Lovari et al., 2015). The Jacobs index did not show any significant prey
preference, although male tigers tended to select for sambar deer and wild
boar, whereas female tigers more often selected wild boar and chital. The
most important difference in diet composition between tigers and leopards
was a much higher presence of small mammals and birds in leopard scats as
opposed to tiger scats, a larger proportion of domestic animals in leopard
scats as opposed to, and more hog deer in tiger scats as opposed to leop-
ard scats (Odden, 2007). Our study demonstrates that tigers mostly preyed
on wild species, supporting the relatively low level of tiger-livestock interac-
tions we found for Bardia based on the questionnaire survey. Hence, this park
seems to be a prospective area for tiger conservation in the long run. The
higher abundance of tiger scats found in the core area of the park versus a
higher abundance of leopard scats collected near the edge of the park further
supports the assumption that leopards are being displaced by tigers, at least
to some extent.
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6.5 Defining the risk of attacks by predators

Spatial and temporal conflict patterns

In chapter 4, I studied the spatial and temporal patterns of conflict in BNP
over a period of five years. The study was based on compensation paid to
villagers who had been identified as victims of conflict by park officials. The
main types of conflict incidences that have been reported were attacks on
humans, crop damage, property damage and livestock predation, which is
similar to those reported by Peterson et al. (2010). Four wildlife species were
responsible for the majority of conflict incidences: elephant, leopard, tiger
and wild boar. Elephants were the major conflict causing species responsi-
ble for killing 14 humans over a period of five years. Other types of conflict
caused by elephants included crop damage and damage to housing along
with raiding stored grains. Among the predators, leopards were responsible
for most livestock kills. This may have been due to the often poorly con-
structed sheds and corals in which livestock was kept, offering easy access
to leopards (Acharya et al., 2016). Tigers were mainly responsible for killing
larger livestock, such as cattle. Other wildlife species that had contributed to
at least a certain level of conflict included rhinoceros, chital, sloth bear, nil-
gai, python, crocodile and porcupine.

In terms of temporal patterns of conflict incidences, most of the predation
events took place during dark nights or new moon phase and livestock pre-
dation was higher during the monsoon season. The crop damage caused by
elephants was higher in the autumn season when the major crop paddy is
reaching maturity. Spatial patterns of conflict were reflected in the higher
frequency of conflicts which was found for the southern and the western
sub-region of the buffer zone, compared to the other zones. This may be due
to the presence of a high density of elephants in that zone. The local residents
most frequently used electric fencing and improved enclosures in order to
prevent conflict incidences. A total of $ 61,085 was paid to villagers as com-
pensation for conflicts over the study period.

Defining the risk of attacks by predators

In chapter 5, I focused on defining the probability of predatory attacks on
livestock in different regions of the buffer zone of BNP. Large carnivores of-
ten cover great distances, thereby sometimes leaving protected areas and
roaming into communal lands (Woodroffe et al., 2005). Based on data ac-
quired from a questionnaire survey, I built logistic models to examine the
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overall probability of livestock losses, economic damage and the attitude of
local residents towards wildlife. I found that the Northern sector of the buft-
er zone, which was recently included in the buffer zone, experienced a larg-
er loss of livestock than any other sector of the buffer zone. The model on
livestock loss predicted the number of livestock owned by the respondents
and the distance to the national park as important variables contributing to
livestock loss. The model on economic damage marked study sector, number
of livestock owned, ethnic group of respondents, and distance to the national
park as significant variables contributing to economic loss. In the model on
the attitude towards wildlife, the variables that resulted in a positive attitude
were higher educational status, greater self-sufficiency and male gender. The
higher level of religious tolerance towards tigers and the common conser-
vation benefits that people living in the buffer zone share, positively affect-
ed their attitude towards conservation (Bhattarai & Fischer, 2014). Although
people’s attitudes towards wildlife can be influenced by predatory attacks
and other wildlife-related financial losses (Raskaft et al., 2007), 85% of all our
respondents had a positive attitude towards conservation, even when a leop-
ard or tiger, respectively, had killed their livestock.

6.6 Conclusions
Tiger e N
A Chaptek‘ \\\\
Chapter 2 Prey . N
) 4 I N
A
Chapter 4 . Chapter 5 .
Leopard Conflict ~ |------ > Attitude
7\
Chapter 5
Others Socio-economic
(Elephant) factors
Figure 6.1

Present situation regarding conflicts in Bardia National Park.
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As summarized in Figure 6.1, the main conflict causing animals in Bardia
are leopards and elephants. With the increased number of tigers in recent
years, it is likely that leopards as well as sub-adult tigers in search for their
own home range, will roam into human inhabited areas outside the Bardia
National Park. In order to protect these large carnivores, additional habitat
should ideally be included into the conservation program. Protection meas-
ures could for instance focus on the adjoining community forest or the Gov-
ernment forest. The Banke National Park, which was established in 2010
in continuation with the eastern border of the Bardia National Park, could
thereby act as a sink for the Bardia tiger population. In Summary, the follow-
ing findings have been presented in this thesis:

1 Leopards appeared to avoid tigers in and around Bardia National Park,
both in time and space. This avoidance behavior is more prominent in the
core area of the park than towards the fringe of the park. Leopards were
found to be more active during daytime whereas tigers were more active
during dawn and dusk.

2 The diet of tigers predominantly consisted of wild prey species, with only
a single scat sample containing domestic prey. This suggests that tigers
around Bardia are generally not involved in direct conflicts with humans.
Whereas tigers in Bardia mostly preferred medium-sized prey such as
chital and wild boar, other studies suggested that such prey may be ener-
getically suboptimal for tigers as they usually kill larger bodied prey in or-
der to meet their energy demand. Since larger ungulates occur at relative-
ly low densities in Bardia, tigers here are probably trying to compensate
this by catching more medium-sized prey. As the prey preference index
indeed showed a preference towards large sized prey, future park man-
agement efforts should ideally focus on increasing the density of large
prey species.

3 Elephants were responsible for most of the human fatalities around
Bardia whereas tigers and leopards were not involved in any fatal encoun-
ters with local people in recent years. Leopards were responsible for more
killing of livestock compared to tigers. Livestock predation incidences
mostly occurred during the new moon phase. Crop damage mostly oc-
curred during the autumn season when paddy is cultivated.

4 Self-sufficiency and education had a positive impact on the attitude of
villagers towards conservation and wildlife. Survey respondents with a
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negative attitude towards conservation were mostly female, probably due
to their involvement in wood collection, requiring women to enter dan-
gerous tiger and leopard habitat more frequently than men. The North-
ern sector of the buffer zone experienced more conflict incidences, which
could be a result of poor animal husbandry techniques. Since the North-
ern sector has been included in the buffer zone of the National Park only
recently, the villagers living in the area have not yet had the opportunity
to profit from conservation benefits, such as ecotourism in comparison to
other sections of the buffer zone.

Recommendations

Based on the findings presented in this thesis, I formulated several recom-

mendations for wildlife managers, local communities and for future research:

6.7.1  For wildlife managers

Habitat management should focus on providing suitable habitat, espe-
cially for larger ungulates, as especially tigers could benefit from this and
therefore it is expected to positively affect the long term viability of the
tiger population in Bardia. The habitat management should focus on pro-
viding optimal diversity for the sustenance of a large range of prey species.

Poaching of tiger/leopard and their prey species needs to be minimized as
it is one of the crucial issues in the conservation of tiger/leopard.

Additional habitat, outside the currently protected areas, should ideal-
ly be allocated in order to facilitate the dispersal of sub-adult tigers and
leopards. Corridors passing through the adjoining community or govern-
ment forests could be created for this purpose.

6.7.2 For local communities

1

Local communities should continue to be involved in conservation action
planning. Local action groups could for instance encourage youth to join
anti-poaching campaigns. Local initiatives could also include education
programs, e.g. by introducing study material on wildlife ecology and be-
havior at primary and secondary school level curricula.



6.7 Recommendations

2 Initiatives targeted at benefit sharing of park revenues by the local com-
munities could continue to provide incentives to reduce retaliatory ac-
tions following conflicts with wildlife. However, current initiatives need
to become more practical to execute and compensations after livestock
has been lost should be paid with minimum delays. Modernizing and im-
proving existing livestock husbandry techniques and promoting insur-
ance of livestock by livestock owners could reduce the financial burden
that may result from the depredation of livestock.

3 The reliance of local communities on forest and agricultural resources
could be minimized by providing alternative livelihoods. Local initiatives
could promote commercial activities in ecotourism, such as involvement
in safari tours, home stay and cottage industries. Cultivation schemes tar-
geted at alternative cash crops, such as mentha and chamomile could be
implemented in order to reduce the loss of crops by raiding elephants.

6.7.3 Future research

Based on the present thesis, several focal points have been identified for fu-
ture research on large carnivore interactions and conflicts with local commu-
nities (see Figure 6.2):

Tiger
A \ ?

Prey
h 4 /
?
Leopard Conflict > Attitude
? 7\
?
Others Socio-economic
(Elephant) factors

Figure 6.2
Diagram showing major interaction flows between research focal points, with suggestions for future
research questions (indicated by a question mark).
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Continuation of a monitoring program in Bardia National Park, using
camera trapping, scat collection and molecular analysis techniques would
greatly contribute to detecting long-term trends in population dynamics
of leopards and tigers. Especially trends caused by increasing herbivore
populations should be further investigated.

Since our study showed that elephants are responsible for the majority of
conflict incidences in which property damage, crop damage or human fa-
talities occurred, future studies should ideally address possible techniques
and measures that could effectively reduce human-elephant conflicts.

Although the people in Bardia were generally in favor of conservation
efforts targeted at both big cat species, their positive attitude is likely to
change when conflict incidences are to occur more frequently, possibly
as a result of increasing wildlife numbers, in the future. A study on the
socio-economic status of villagers could provide valuable insights for this
purpose. Indigenous knowledge of local people should be taken into ac-
count when defining objectives for this kind of research.
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Summary

Large carnivores and humans, along with their livestock, have co-existed
for thousands of years. However, human population growth and an increase
in economic activities are modifying the landscape for large carnivores and
their prey. Large cats, which are regarded as keystone species for maintain-
ing a healthy ecosystem through the balance between predator and prey, are
now often locally on the verge of extinction. Large predators are sensitive to
human activities and have been actively persecuted from all over the world,
because of their conflicts with local people. The number of tigers (Panthera
tigris) has declined rapidly in the past century and now they are confined to
7 % of their historical range. Similarly the range of leopards (Panthera par-
dus) has also declined significantly, although they are more widespread and
adaptive than tigers. Since these carnivores require large habitats, degrada-
tion and fragmentation of their habitat over past decades are regarded as the
major threats for their survival. The other factors responsible for their de-
cline include poaching for illegal trade of body parts, loss of prey species and
conflicts with local communities. Local farmers often face negative interac-
tions with wild predators thereby experiencing economic loss by the killing
of livestock. These conflicts in combination with a poor understanding of
the ecological role which predators play may lead to local resentment against
predators and negative attitude towards predator conservation projects.

Nepal is one of the 13 countries to ratify the Global Tiger Recovery Plan at
the meeting of world leaders held in St. Petersburg in 2010, aims at doubling
the number of wild tigers by 2022. In order to achieve this goal the Govern-
ment of Nepal has focused on better conservation practices in and around
tiger conservation landscape. Tigers are found in five National Parks of the
lowland plain (Terai). This area is a part of the greater Terai Arc Landscape
which is located in India and Nepal. There has been an increase in the tiger
population after the end of civil war in Nepal, as well as a decrease in poach-
ing, due to new government policy which included strict protection meas-
ures in national parks and the involvement of youths in anti-poaching cam-
paign. As a result of a significant increase in the population of tigers inside
Bardia National Park they are now showing more interaction with leopards.
As tigers and leopards are elusive species it is difficult to study their inter-
action in the field. Therefore, using camera trap data obtained during 2013
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and 2016, I studied the interaction between tigers and leopards in Bardia
National Park. I found that there is a significant level of spatial avoidance of
leopards towards tigers in the core zone of the park whereas in the boundary
zone the spatial avoidance is not significant. I found that the temporal activ-
ities of leopards in grids of the core zone where tigers and leopards both are
present are significantly different compared to grids where tigers are absent.
The temporal activities of tiger are not significantly different in grids with
leopards present in the core zone. However, the temporal activity of tigers
is significantly different in the boundary zone when leopards were present,
whereas the activity of leopard does not change. This can probably be ex-
plained by the suggestion that leopards approach human settlements more
easily, while tigers show strong avoidance of human settlements. This also
suggests that habitat partitioning and space use may play an important role
in the co-existence of tigers and leopards in Bardia National Park. In general
leopards show more avoidance to tigers than the other way round.

I also compared the diet and prey preference of tigers and leopards using
their scats. However, due to lower number of leopard scats, I could not pro-
cess it further and had to limit my study to the diet and prey preference of
tigers only. I was able to identify male and female tigers based on DNA anal-
ysis of scat. I found that both male and female tigers were relying on medium
sized prey (10 kg to 40 kg) namely chital (Axis axis) and wild pig (Sus scrofa)
which was the most abundant prey in Bardia. However the Jacobs index for
prey preference of male tiger was for sambar (Cervus unicolor) and wild pig
whereas for female tiger the preference was for chital and wild pig, however
the results were not statistically significant. The diet of tigers showed mostly
the presence of wild prey species which suggests that they are generally not
involved in the killing of livestock. For the long term conservation of the ti-
ger in Bardia National Park we need to focus on increasing the population of
larger prey species in the park, so that the available prey species are energeti-
cally beneficial for tigers and there is less competition with leopards.

I also looked into the spatiotemporal pattern of the conflict incidence in
Bardia NP for a period of five years, on the basis of compensation paid to the
villagers for the damage caused by wildlife. I found that four animals were
mainly involved in causing damage to local communities, namely elephant
(Elephas maximus), leopard, tiger and wild boar. The elephant was responsi-
ble for most of the damage. During the five years elephants killed 14 people
and wild boar killed one person. Elephants also caused serious damage to the
crops, destroyed houses and raided store houses for grains. Leopards and



Summary

tigers particularly caused depredation of livestock. Elephants caused more
damage during the autumn season when the crops (mainly paddy) had ma-
tured. Leopards killed more livestock during the rainy season compared to
dry season, while tigers did not showed seasonal pattern of predation. Tigers
and leopards were involved in significantly more killing of livestock during
the new moon phase compared to the full moon phase. The conflict inci-
dence for elephants, wild boar and leopards was higher in the southern and
the western part of the buffer zone, whereas tigers had a similar level of con-
flict all over the park.

To know more about the attitude and knowledge of local people living in
the buffer zone towards conservation, I conducted a questionnaire survey
by dividing the park into four different regions. I found that the loss of live-
stock was significantly related to number of livestock owned, the distance to
the park boundary and the ethnicity of the respondent. The attitude of the
respondent towards wildlife conservation was dependent on i) knowledge
about the species, ii) (higher) educational level, iii) gender (male/female) and
iv) level of self-sufficiency of the respondents, with a positive attitude related
to more knowledge, male gender, higher education and higher self-sufficien-
cy level of respondents. The sharing of conservation benefits also resulted in
a positive attitude among the people living in the buffer zone.

In conclusion, it can be said that, due to the increase in number of tigers
inside the park leopards may be pushed out of the park, where they become
involved in conflicts while there may also be a spill-over of young tigers mov-
ing to the buffer zone. For future conservation of these large cats, additional
habitats need to be sought and the community forest of the buffer zone can
provide such habitat. Similarly, Banke National Park which has been estab-
lished to provide a sink for the Bardia source population, which can help in
accommodating the dispersed population of Bardia NP. Therefore, for future
conservation programs we need to focus on the conservation of tiger and
leopard in human dominated landscape. Due to interaction with tigers, the
leopards are living in close proximity with people and thereby get more in-
volved in conflicts with local communities. Tigers enjoy a religious and cul-
tural tolerance among the people living in the buffer zone whereas leopards
lack such religious and cultural tolerance.
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Samenvatting

Grote carnivoren en mensen, samen met hun vee, leven al duizenden jaren sa-
men in dezelfde gebieden. Bevolkingsgroei en economische ontwikkeling ver-
anderen het landschap van deze gebieden voor carnivoren en hun prooi dieren.
Grote katten, die worden beschouwd als sleutel soorten voor gezonde ecosys-
temen door de wisselwerking predator-prooi, staan nu vaak lokaal op het punt
om uit te sterven. Grote carnivoren zijn kwetsbaar voor menselijke activiteiten
en worden wereldwijd actief vervolgd, vanwege conflicten met mensen. Het
aantal tijgers(Panthera tigris) is de afgelopen eeuw sterk afgenomen en tijgers
bevinden zich nu slechts in 7% van hun historische leefgebied. Ook het leef-
gebied van de luipaard (Panthera pardus) is sterk afgenomen, alhoewel deze
soort meer algemeen en adaptief is dan de tijger. Omdat carnivoren grote leef-
gebieden nodig hebben, wordt de degradatie van hun habitat over de laatste
tientallen jaren gezien als de belangrijkste bedreiging. Andere factoren die van
invloed zijn op de afname van carnivoren betreffen stroperij voor de illegale
handel in lichaamsdelen van carnivoren, de afname van prooidier populaties
en conflicten met lokale gemeenschappen. Lokale boeren ondervinden vaak
de negatieve gevolgen van wilde carnivoren, waarbij ze economische schade
ondervinden door het doden van vee. Deze conflicten worden verergerd door
een beperkt begrip van de ecologische rol van carnivoren en dit kan resulteren
in een negatieve houding ten opzichte van carnivoren en gerelateerde projecten
voor natuurbescherming.

Nepal is een van de dertien landen die het Global Tiger Recovery Plan heb-
ben getekend op de bijeenkomst van wereldleiders in St Petersburg in 2010,
die als doel heeft het aantal wilde tijgers te verdubbelen in 2022. Om dit doel
te behalen heeft de regering van Nepal haar aandacht gegeven op verbeterde
activiteiten gericht op natuurbescherming in en rond de landschappen waar
tijgers voorkomen. Tijgers worden in Nepal nog aangetroffen in vijf nationale
parken. In de laagvlakte (Terai). Dit gebied is een onderdeel van het grotere
‘Terai Arc’ landschap dat zich bevindt in India en Nepal.. De tijger populatie in
Nepal is toegenomen sinds het einde van de burgeroorlog, terwijl de stroperij
is afgenomen. Dit is een gevolg van het overheidsbeleid, dat strikte natuurbe-
schermings-activiteiten in nationale parken omvatten e o.m. de deelname van
jongeren in anti-stroperij campagnes. Dit heeft geresulteerd in een sterke groei
van de tijger populatie in Bardia nationaal park, waar tijgers nu meer interac-
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ties hebben met luipaarden dan vroeger. Omdat tijgers en luipaarden schuwe
dieren zijn is het moeilijk hun interactie in het veld te onderzoeken. Camera val
surveys zijn een goede methode om de aanwezigheid en afwezigheid van tijgers
en luipaarden te onderzoeken. Daarom heb ik met behulp van camera val data
uit 2013 en 2016 de interacties tussen tijgers en luipaarden bestudeerd in Bar-
dia nationaal park

Ik vond daarbij een significante ruimtelijke ontwijking van luipaarden t.o.v. tij-
gers in de centrale zone van het park, terwijl in de bufferzone en geen signifi-
cant patroon van ontwijking was. Ik vond ook dat de activiteiten in de tijd van
luipaarden in grids in de centrale zone, waar zowel tijgers als luipaarden aanwe-
zig waren, significant verschilden met grids waar tijgers niet aanwezig waren,
maar luipaarden wel. De activiteiten in de tijd van tijgers in grids waar luipaar-
den ook aanwezig waren in de centrale zone verschillen niet van grids zonder
luipaarden. Ik vond echter in de bufferzone een significant verschil wat betreft
de activiteiten van tijgers in de tijd in grids met luipaarden vergeleken met grids
zonder luipaarden, terwijl de activiteiten van luipaarden in de tijd niet verschil-
den in grids met en zonder tijgers. Dit kan waarschijnlijk worden verklaard
door de suggestie dat luipaarden dichter bij menselijke nederzettingen komen,
terwijl tijgers menselijke nederzettingen vermijden Dit geeft ook aan dat het
gemeenschappelijk gebruik van habitat en ruimte een belangrijke rol speelt in
het samenleven van tijgers en luipaarden in Bardia nationaal park In het alge-
meen ontwijken luipaarden meer de tijgers dan andersom. Ik heb ook de dieten
en prooidier voorkeuren van tijgers en luipaarden willen vergelijken.op basis
van uitwerpselen. Echter, vanwege een onvoldoende grote monster-grootte van
luipaard uitwerpselen, kon ik deze niet verder gebruiken en heb ik mij beperkt
tot het analyseren van de uitwerpselen en prooidier voorkeuren van tijgers. Ge-
baseerd op het DNA in de uitwerpselen kon ik een onderscheid maken tussen
vrouwelijke en mannelijke tijgers. Ik vond dat zowel mannelijke als vrouwelijke
tijgers vooral prooidieren eten van medium gewicht (10 tot 40 kg)., namelijk
Chital (Axis axis)en wild zwijn (Sus Scrofa), die de meest algemene prooidieren
zijn in Bardia nationaal park. Echter de Jacobs index voor prooidier preferentie
van mannelijke tijgers gaf een voorkeur aan voor Sambar hert ( Cervus unico-
lor) en wild zwijn, terwijl de Jacobs index voor vrouwelijke tijgers een voorkeur
aangaf voor Chital en wild zwijn.

Deze resultaten waren echter statistisch gezien niet significant. Het dieet van
tijgers bestond voornamelijk uit wilde prooidier soorten, hetgeen suggereert
dat tijgers over het algemeen geen vee consumeren. Voor de lange termijn be-
scherming van de tijger in Bardia nationaal park moet meer aandacht gegeven
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worden aan de groei van prooidier populaties in het park, zodat de beschikbare
prooidier populaties energetische voordelen bieden voor tijgers en er minder
competitie is met luipaarden. Ik heb ook gekeken naar het verloop van conflic-
ten in Bardia nationaal park in ruimte en tijd, over een periode van vijf jaar, op
basis van de statistieken van compensatie die is betaald aan dorpelingen voor
de schade veroorzaakt door wilde dieren.

Ik vond dat voornamelijk vier soorten dieren betrokken waren bij schade ge-
vallen gemeld door de lokale bevolking; olifant, luipaard, tijger en wild zwijn.
Gedurende die vijf jaar werden 14 personen gedood door olifanten en één per-
soon door een wild zwijn. Olifanten veroorzaakten ook ernstige schade aan
gewassen, vernielden huizen en vielen opslag schuren voor graan aan. Lui-
paarden en tijgers veroorzaakten vooral schade aan vee. Olifanten veroor-
zaakten meer schade gedurende de herfst wanneer gewassen (vooral rijst) aan
het rijpen waren. Luipaarden veroorzaakten meer schade aan vee geduren-
de het regenseizoen in vergelijking met het droge seizoen, terwijl de schade
toegebracht door tijgers geen verschillende vertoonde tussen de seizoenen..
Tijgers en luipaarden veroorzaakten meer schade aan vee gedurende de don-
kere maan periode vergeleken met de volle maan periode. De frequentie van
conflicten met luipaarden was hoger in het zuidelijke en westelijke deel van de
bufferzone voor olifanten en wilde zwijnen, terwijl de frequentie van conflicten
met tijgers gelijk was over het hele gebied. Om meer te weten te komen over de
attitudes en kennis van lokale bewoners die in de bufferzone leven, van belang
voor natuurbescherming, heb ik interviews gehouden. Dit heb ik gedaan door
het park te verdelen in vier verschillende regio’s. Ik vond dat de schade aan vee
een significante relatie had met i) de aantallen vee in bezit van bewoners, ii) de
afstand tot de park grens en ii) de etnische afkomst van de respondent. De at-
titude van de respondenten ten opzichte van de bescherming van wilde dieren
was gerelateerd aan de volgende factoren; i) kennis over de soort ii) opleidings
nivo respondent iii) gender van de respondent (man/vrouw) en iv) nivo van
onafhankelijkheid van de respondent. Een positieve attitude was gerelateerd
aan meer kennis over de soort, een hoog opleidings nivo, en een hoog nivo
van onafhankelijkheid. Het delen van voordelen en inkomsten uit natuurbe-
scherming resulteert ook in een positieve attitude onder de bevolking in de
bufferzone. Concluderend kan gezegd worden dat als gevolg van een toename
van het aantal tijgers in het park luipaarden waarschijnlijk uitwijken naar de
bufferzone, waar ze in conflict komen met bewoners, terwijl ook jonge tijgers
het park verlaten. Voor de toekomstige bescherming van deze grote katten is
het van belang dat nieuwe habitats worden gezocht en de gemeenschapsbossen
in de bufferzone zouden hier aan bij kunnen dragen. Ook kan het nabijgelegen
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Banke nationaal park een sink vormen voor de bron-populatie in Bardia natio-
naal park. Dit kan de verdere verspreiding van de tijger populatie in Bardia fa-
ciliteren. Voor toekomstige natuurbeschermings programma’s is het van belang
zich te concentreren op de bescherming van tijger en luipaard in een door men-
sen gedomineerd landschap. Vanwege de interactie met tijgers leven luipaarden
dichter bij mensen en komen ze zo ook vaker in conflict met lokale bewoners.
Tijgers genieten een culturele en religieuze tolerantie onder de bevolking die
leeft in de bufferzone terwijl luipaarden deze tolerantie niet genieten.
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