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Abstract

Habitat destruction, prey depletion and hursamivore conflicts are all important factors contributing

to the decline of large carnivoreEhis study intents to analyze the diet of the Bengal tiBanthera

tigris tigris) in Chitwan National Park, Nepal, by identifying 47 prey items from 43 tiger Sdsdiet

of the tger was compared between three zones under different management including core area (CA),
buffer zone (BZ) and corridor forest (CO). The majority of s@atre found in the CA (73.07%). Tigers

in CNP fed upon eight different mammal species. Chitaiq axi3 was the major prey with a frequency

RI RI WKH WLJHUVY GLHW | R COsR&tiftNElivedtbc® Gatdari3lwned

by tigers n CNP during this study. A diet comparison of tiger and leopRaththera pardus fusga
revealed that the diet of leoparconsisted of a larger portion of livestock (10%) compared tostiger
(0%). This studyalso focused on the imgect of humantiger conflicts during the last five yearm
Chitwan National Park, Nepal. The questionnaievey indicatd that the western section of the buffer
zone experienakmore livestock depredation, of which tigers are mainly responsible for losses. The
majority of atta&s occurred during the night (100%), mainly during winter (63.64%). The likelihood of
depredation on livestock decreased with increasing distance from the park boundary and, light/fire
significantly influenced tiger depredation. The use of protection mess{shepard dog, noise,
protection enclosure) appeared not to be significantly influencing the number of attaiztde it that
regardless aheeducational level of local responder@#8.33% have a positive perception towards large
carnivore conservin. To conclude, conflict mitigating measures should prioritize the corridor forest
and buffer zone over core area to reduce the economicinfifted by livestock depredatio.he
conservation actions on the long term can only be effective if enferdemh regulations is combined

with education and the active involvement of local communities.
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Public summary

Growing human populations and associated impacts such asdegeatlatiorand overexploitation of
wildlife resources, are a rapidly growing threatAsian wildlife. This increased pressure of local
communities on wildlife resourcewill potentially le@ to anincreasein humancarnivore conflicts.

The main threats of carnivores residing in close proximity to local communities are habitat loss, human
disturbances and potential changes in their prey species dynamics. Additionally retaliatory killings by
localsdue to depredation diieir livestock poses aadditionalthreat towards their conservation.

These conflicchave inensifiedover the past decades in Chitwan National P@N®), Nepal. Therefore

the aim of this study is to analyze the naturat died prey preference of tigers in the core zone (CA),
buffer zone (BZ) and, corridor forest (CO) of CNP. The study also compared the diet of tiger and leopard
to prioritize areas for conflict mitigation measuradditionally, it aims to analyze the degrefhumarn

tiger conflict (HTC) in CNP, to understand the perception of local commuratgisto assessvhich

conflict mitigation measures are currerdfyplied Essential for current tiger conservation, is to integrate

the data to gain deeper insightlive identification of factors that contribute to the intensification of the

conflict.

The findings of this study indicate that tigers are more active in the core region of the park and less
involved in livestock raiding compared to leopards. The lateemainly active in the periphery of the

park, where they are responsible for the depredation of livestock. With increasing distance from the park
boundary, the likelihood of depredation on livestock decred$eduse of protection measures (shepard

dog, noise, protection enclosure) appeared not to be significantly influencing the number of attacks.
Regardless of the educational level, the majority of the respondents have a positive perception towards

the conservation of large carnivores.

This project isa collaboration betweddTNC Nepal (National Trust for Nature Conservatidrgiden

University in The Netherlands, Antwerp University in Belgium and Leo Foundation in The Netherlands.
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Abbreviations

CNP Chitwan National Park

TAL Terai Arc Landscape

HTC Humantiger conflict

CO Corridor forest

CA Core area

Bz Buffer zone

NTNC National Trust for Nature Conservation

PA Protected area
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CHAPTER I:INTRODUCTION

Figure 1.1: On the left a pugmark of a tiger and on the right a pugmark of a te@pem length: 14m).

Figure 1.2: Scratch mark of a tiger (pencil length: 17crr



&KDSWHU
QWURGX

1.1 Anthropogenigressures antreats

Growing human populations and their associated impacts on the ecosystem, such as forest degradation
and overexploitation of naturaésources, constitute a fagowing threat to Asian wildlif§lUCN,

2017) Large carnivores worldwide are threatened by habitat destruction, prey depletion, retaliatory
killing and illegal trade(inskip and Zimmermann 2009%pome authors describe large carnivores as

IN H\V W R Q Hspé@&ad thatthauv§ an impact on other species and ecosystem fun¢&imioeyloff

1998) OWKHUV KDYH G H VWagshipEspeGie§WKdsdémBiivrole is to attraitte attention of

WKH S XBEOREFU HQO pareddiehtahdig/species thaepresent wider range obiodiversiy

with more modest area requiremefitambeck 1997)Globally large carnivores are declining as a result

of habitat destruction, prey depletion, and human wildideflicts. Increasingly, it is being realized that

this declire is a global conservation concégillero 2015)

Thesurvival oflargecarnivores, in humadominated landscapgs conservation dependefaranth

and Chellan 2009xonservation strategiés these landscapeshould focus on the protection of core
breeding areafKenneyet al. 2014) The Terai Arc Landscape (TALh Nepal and India is such
landscapein which both protected areas and the surrounding buffer zones are imgortahée
conservation of large mammals including-4medators tigers and leopar@hanchanét al. 2014) In

this landscapénigh densities othreatenedarge mammals occur naturafiych agigers CNP in Nepal

is one of thanostimportant parks in TALHoweverit faces seeralthreats such as the highumber of
tourists invasive speciesuch asMikania micrantha | O R R GrapgJ fopulation growth and
increasing conflictwith communities(Dhunganaet al, 2017 Thapa, 2018)With the ongoing
fragmentation ohuman dominatedandscapes, wildlife populations become more isolated and many
species become confined to protected a(Baidneret al, 2001) Due tothe encroachment of human
settlements and illegal activitiegdrthese protected areas, many wildlife species are now forced to live
in close proximity with people, thereby increasing risks of conlictkip and Zimmermann 2009)o
secure the survival of large carnivores, it is cruciaptevent and mitigate tke conflicts between

carnivores and humans.
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1.2 Ecology ofBengaltigers (Panthera tigris tigris)

There are nine subspecies of tigers identified and four of them are already extinct, which include the
Bali tiger (P. tigris balicg found in Bali island of Indonesia whietentextinct inthe 1940s, followed

by theCaspian tigerR. tigris virgatg extinct in 1970stheJavan tigerR.tigris sondaicain early 1980s
andtheSouth China tigerR.tigris amoyensjgn 19909 Seidensticker, 20)0The remaining subspecies

are categorized d&ndangerean the global IUCNRed List(Luo et al, 2004 IUCN, 2019. However,

Wilting et al.(2015)supports recognition aly two distinct evolutionary groups of tigaespresenting

two subspecies of tiger, ethe Sunda tigeR. tigris sondaicaand the continental tigelP(tigris tigris).

The Sunda tiger includeB. tigris sondaica, P. tigris balicand P. tigris sumatraewhereas, the
continental tiger includeR. tigris tigris, P. tigris altaica, P. tigris amoyensis, P. tigris corbetti, P. tigris
virgataandP. tigris jacksoni(Wilting et al. 2015)

Being the top predator, conservation of tigers is often understood in the context of the conservation of
the whole ecosystem and its componéBidensticker 2010Even though the tiger is regarded as a
cultural icon over much of its range, it has been continually threatened by habitat loss, fragmentation of
populations, poaching and hunting, the depletion of its prey base, and by-wildidea conflicts
(Dinersteinet al 2007) However, conservation of the tiger is vital for ecological health, but its
consevation ina humandominated landscape is demanding as it requires largaratisturbecareas

for ensuring its londgerm survivalDNPWC 2018b) The speciess enlisted in CIES Appendix! and
classifiedEndangeredn the globalUCN Redlist due to a highhreat of extinction in the wild globally
(Robinsoret al, 2015 DNPWC, 2018pbIUCN, 2019.

Historic range®f the tigeroncecoveredTlurkey, Tibetan plateau, Manchuria and the Sea of Okhotsk in
South and Southeast Aglauo et al. 2004) Since 1990, this specidmsalready lost more thas0% of

its historic range due to habitat fragmentation and degradation by human activities (WWFA2018).
assessment of thigobal tiger populatiotin 2015estimateghat 5000 to 700€gersmay still survive in

the wild (J. Goodrichet al. 2015) In 2017, therevereas few as 3,890 tigers left, suggesting a rapid
overall decline in tiger numbe(gVWF, 2020) A recent estimate shows 235 tigpresenin Nepal of

which a high density resides within CNBPNPWC 2018b) Tigers are generally solitary andey
density is the most important factor influencing tiger density, territory size, breeding performance and
survival of cubs and juvenilgQuigley 2016) Adult female home ranges rarely overlap, whereas male
home ranges typically owdap with 18 females, a common felid pattern of social organization
(Goodrichet al. 2015) The lower limit of female territory size in CNP is around2bkm?, set by social
intolerance $unquist2009. Male and female tigers establish territories which they will defend against
intruders.Territory size may change during the breeding season as males try to access female territories,

often leading to violent confrontations with other matgsr(quis, 2009).
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Nepal is one of the collaborators tife **OREDO 7LJHU 5HFRYHU\ 3URMERDPPH 17
whichwas endorsed in the St. Petersburg Declaratiaghefiger Summit held in St. Petersburg, Russia

on November 224, 201Q(S. K. Upadhyaya 2019Yhe declaratin aims to double the number of tigers

acrosdts distribution range by 202Z'he major activities for tiger conservation conducted in CNP are

tiger monitoring, antpoaching operations, habitat management and public awa(&R8VC 2018h)

1.3 Carnivore interactions

Tigers (Panthera tigris tigris)and leopard (Panthera pardus fuscadre known to be sympatric
carnivores across most of their range, they are present in the same geographical area and may encounter
one anothe(Prasad and Pavel, 2012padhyaya2019. Tigers and leopards have substantial dietary
overlap(Lovari et al 2015) Both predatorsarepredating on small, medium and largiged ungulates,

which could create competition betweeativo species@dden2007). Theoretically, if the availability

of shared resources is not a limiting factor, species would coexist witbmyetition(Lovari et al.

2015) Conversely, if the availability of resourcisdimited, competition is expected to occim this
caseRQH VSHFLHV WKH pm@ybelDU RWAIWAHREP EM WHKWMRRW KHU WKH pVvX
through resource exploitation or infimrence(Putman, 1996)Ecological theories predict that sympatric
species should avoid competition throwpatial and/or temporal partitionimgnd avoidancéAndheria

et al, 2007) Smaller species are expected to differentiate their diet from that of larger, dominant ones,

to reduce the risk afompetition angpotentially lethal enaanters(Mondal et al. 2012; Lovariet al.

2015; Odden, 2017pmaller carnivores may also show active spatial or temporal avoidance towards
larger carnivoreqS. K. Upadhyaya 2019Because of this cexistence, the temporal and spatial
interactions of these carnivoragerelevant for conservation. Some authors hypo#edbiat leopards

are pushed towards park boundaries when the number of tigers inside a park increases, thereby
contibuting to morehumanleopard conflictfUpadhyaya, 2019)Thistheory is confirmed by several

studies which indicatethat leopards show spatial and temporal avoidance of tigers in the core zone
(Subodh K.U, 2019;Upadhyaya2019;Lamichhane, 2019)

1.4 Diet study

The tiger is an ambush predaamd itsactivity patternis predominantly crepuscular and noctusmhlile

they rest during the dagKaranth ad Sunquist, 2000)They are mostly preying upon the largest
ungulates in all the ecosystems in which they o¢Biswas and Sankar 2002\lthough they can
potentially hunt prey varying from small mammals to the largest of the hahieamean weight of
species hunted is around 60 (Bhattarai and Kindimanr2012) Preyis obtained predominantly from
deer speciesvhich contribute up to 75% of the prey biomass requirement of the tiger in most parts of

its rangg(Sunquisit al., 1999).The major prey species of tigers include medium to large sizespoby
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as Sambar Rusa unicolo), Chital (Axis axig, wild boar Sus scrofpand musle deeMoschus sp}
(Bhattarai and Kindlmann, 201Bhandari, M.K.and Pokheral 2017However, it was indicated that
with increasing distase from the corarea tigers killed more livestock in comparison to wild prey,
possibly because livestoakeremore easily accessible than wild p(&plipaka 2018) This author also
found that male tigers killed a higher percentage of livestock than female tigers with increasing distance
from the coraarea Several studies indicaterying degrees divestockraiding by tigers in CNP. In the
study of Biswas and Sarak (2002 livestock is onlypresent ina very small proportion of tiger scats
compared to leopard scafhis is in accordance with the findingsBiattarai, (2012 andUpadhyaya
et al. (2018)who also found a very low percentage of livestock in tiger. 8&&iereas other studies
report a higher frequency of livestock in tiger sq&@sidensticker, 1976; Wang & Macdonald, 2009
Kolipakaet al, 2017)

Factors affecting prey choice in tigers differ across its distributional range antbrimednderstood in
the local context. Such an understandirag beermproven to be important faeffective conservation
planning SUNQUIST & SUNQUIST, 1989. Thus, studying the food habits of tigemncerningheir prey
base is essential for better management of tigers and their habitatsesults of a diet study may
support future conservationgmtices to reduce humavildlife conflict.

1.5 Humanwildlife conflicts

$FURVV PXFK RI W teéteW tahsidefable ihidighatibn about the magnitude of hiigean
conflicts(HTC) (Nowell & Jackson, 296 Helalsiddiquj 1998 Nyhuset al 2004) These conflictarise
when the requirements of people and wildlife overfagentially creating costto both (Inskip and
Zimmermann 2009 Conflict with people and their livestock is a significant source of mortality for large
carnivores and there is an urgent need to characterize and develop measiligasttoandeduce these
conflicts (Nowell & Jackson, 1996; Linnell, 1999The rtaliabry killing of large carnivores after

conflictscontributed to global declines large carnivore¢Lindsey and Symon 200.7)

HTC is generally expressed in three formgiger attacks on humani$), tiger attacks on livestodk)

and threats to human safef§oodrich, 2010 Lamichhane, 2019 These humaitiger conflicts, in
combination with dack of habitat connectivityhave been identified as common persistent threats for
tigers n Nepal(Dhakalet al. 2014 DNPWC 20183 A study in CNP showed a general increase in HTC
during 20032017 (Thakuret al. 2016) During 19792006, 88 humans were killed by tigem CNP
(Gurunget al.,2008).Apart from these humacasualtieslivestock depredation also causes cordlict
Between 2007 and 2014n average of 44ead oflivestockwerekilled by tiges annually(Dhungana

et al. 2017) These conflicts reduce support for tiger conservationng loal communitiegGoodrich,

2010)In CNP, a compensatiginelief scheme for wildlife victims (either human or economic loss) was
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established in 1999, to compensate for losBesse compensatigrelief schemes generally also result
in higher tolerance of local communities to livestoagdeqLamichhane 2019)Along with legal and
institutional protection of endangered species such as tigarghera tigris tigri3, sypport is needed

from local communities living insider close taheprotected areaénskipetal., 2014)
1.6 Aim of thestudy

Humanwildlife conflicts are increasingvorldwide as a result ofthe increasinghuman populatios

living in close proximity to parksThis studyaims to analge the natural diet and prey preference of
tigers in the surroundings @NP, with a specific focus on the buffer zonesdditionally, this study

aims toanalyze the degree of conflict in CNP and its buffer zone and to understand the perception of
local communitiediving in the vicinity of tiger habitafThe intend of this study is to integrate the data
and to contribute to an assessment of the conflict and its potential solutions.

1.6.1 Research objectives

1) Whatistheoveralldiet of tigers in Chitwan National Park and buffer zone/ corridor and surrounding
fragmented areas?
a. What is the species composition?
b. What is the overall contribution of livestock in the diet composition?
c. Are there any specific prey preferences?
d. Is there a significant difference in prey species when we compare the natural diet of tiger
and leopard?
2) What is the spatial and temporal distributiorhamantiger conflicts?
a. What is the distribution of conflicis the buffer zone/ corridor?
b. Which factors influence these conflicts?
3) What is the perception and attitude of local communities regarding the tiger ancheadsaires are

taken to manage and prevent hurtiger conflicts?

1.6.2 Research hypothesis

) Because of a high density of tigers inside the core area, leopards are pushed to the buffer zone
and corridor forest and become more involved in livestock raiding.

1)} Scat of both leopard and tiger collected in the core (@B#&)contains a smaller propanti of
livestockcompared to scat collected in the buffer zone and corridor forest.

1)) People who resideearthe park border will experience more livestock depredation.
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Figure 2.1: Old scat (>2 weeks) of a tiger, potential prey species: Spotted deer.

Figure 2.2: Collected scats after washing with sieve (1 mm), drying in full ¢
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2.1 Background study area

This study was conducted in CNP f B Wi 11 DQG -f f 91 ¢9i6 Nepalandin

its buffer zone, including the Barandabhar Corridor Forest 2E8yFig 2.4; Fig 2.5. It was designated

DV 1HSDOYV ILUVW S lLhRdbMars/@32&mid Wddthcent@al Nepal, on the border with
India. It is a part of the Terai Arc Landsca€AC), a priority tiger conservation landscafie.
Wikramanayakest al. 2004) It is a UNESCOWorld HeritageSite since 1984, and considered to be a
global biodiversity hotspot, especially since the park holds the largest population of tigers in the country
(Karki and Pandav, 2013; Dhaletlal, 2014) Due to the presence of this population, CNP is considered

an important area for tiger conservatglobally (E. D. Wikramanayaket al. 1998)

Figure 2.3 Map indicating Chitwan National Park aitd buffer zone (Source: NTNQ017).
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CNP accommodates 50 mamnsakcies, over 526 bird species, 49 reptiles and amphibians, and 120
species of fishKarki, 2011). The park is dominated by forest (80%ith a majority of sal Shorea
robustg forest followed by riverine forest and mixed hardwood for@3tapa 2016). Also, there are
grasslands (12%gxposed surface (5%) and water bodies (8Phppa, 2011)CNP holds the second
largest population ajreater onéhorned rhinocerodhinoceros unicornisinnaeus, 1758) in the world

with the latest estimate of around 600 individu&8sbediet al.2017) Other important species present
are the Indian elepharilephas maximus indiclisnnaeus, 1758), GauBps gauru<. H. Smith 1827),

Sloth bear Melursus ursinusShaw, 1791), Great hornbilB(iceros bicornisLinnaeus, 1758) and
Gharial crocodile Gavialis gangeticusGmelin in Linnaeus, 1789) (Bhattarai & Kindlemann, 2012;
CNP, 2015).

For this thesis the corridor forest (CO) is considered part of the Barandabhar corridorvigriestis
situatedoutside of the buffer zon&ig 24). The park consists of a core area with a total surface area of
932 kmz2, surrounded by a buffer zowhich covers a surface area of about 750 km2 (Bhattarai &
Kindlmann, 2012). The different zones (CA, Gdd BZ) are expected to experience different degrees
of human disturbancg§&urung, Nelson, and Smith 2009he CA experiences the smallest degree of
human dsturbances, mostly in the form of tourism, such as guided walking tours or car tours. However,
these touristic activities dwotcover the entire partkhey coverpnly a small proportion, leaving titere
areaundisturbed. In this zone grazing practiced fodder collection are prohibited (some exceptions:
e.g. elephant owners). In the BZ, which functions as a transition zone, sustainable livestock grazing and
fodder collectionare allowedunder certain condition@Nepaland Weber, 1994; Gurung, Nelson and
Smith, 2009) The CO is surrounded by villages, and sustainable grazing pracgesll as fodder
collection, are allowed(Gurung, Nelson, and Smith 2009his zone is expected to experience the

highest degree of human disturbance.

2.2 Datacollection
2.2.1 Diet study

To determine the diet dfietiger,anon-invasivemicroscopic analysis of prey hair morphologiytained
from scat was applie(Ramakrishnaret al, 1999) The scats were collected and azatjovera period
of 3 monthsfieldwork (OctoberDecember2019) in three areas: the core area (CA), the buffer zone
(BZ) and corridor forest (COJ-or each field visittechnician®of NTNC accompanied and assistad

in the identification of the signs the proximity of the scats.

Since leopards and tigers are mitkely to defecate on forestacksor grassy areas just bordering the
tracks(Sunquist, 1981; Johnsingh, 1983; Nortdral.,1986; Karanth and Sunquist, 1998¢ats were

collected along forestacks Two samples were collected from each fresh scat: one for genetic analysis
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(DNA) and another for prey identification. The samd@msDNA analysiswere taken to anatg the
field identification accuracyOnly theoutermuscular layewascollected usinga swapandsealednto
a vial, containing 95% ethanoAfterwards these labelled vails were stored in a frittgeits later
extraction The sample$or prey identificationwere sealed in plastiip-bags andabelledfor location,

GPS coordinates, habitat type, age of scat, scat composition, predator, potential prey species and date.

Transects were walked or covered by motorcycle, based on existing knowledge of field axgerts
accessibility by distanc& his studes main focuswasthe collection of samples ithe buffer zoneof

CNP, e.g. the region with potentially the highest degree of confliotvever, due to extremely low
encounter rates in the buffer zone, the core area was later also included intayhiSestching effort

was maximised in the buffer zofre£25 days), and a minimal amount of time was invested in searching
the core area (< £5 days). Daily transect length varied from 12.7 km to 19.16 km, with an average of
16.87 km. The low encounter eatvas mainly due to the extremely high vegetation (> 2m), which made
it challenging spotting any wildlife signs. Additionally, performing the fieldwork in another season
(FebruaryMay) would potentially have increased the encounter rate due to lower ti@yetdso, the
period of fieldwork was a limiting factog longer periodvould have potentially increased the number
of samples collected.

Differentiation between tiger and leopard scatsetased orhe size and shape of the scatgns in

the proximity of the scat and theonformation by locaéxpert technicianfOdden and Wegge, 2010)

The signsincluded length of scratch markBig 1.2), pugmarks(Fig 1.1), smell or other deposits.
Usually, €ats of tigers have a lower degree of coiling and relatively larger distance between two
successive constrictions within a single piece of statomparisorwith leopard sca{Biswas and
Sankay2002)

The collected scats were first dridopen air followed by washing using a sieve (pore size: 1 rtam)
separate thbairs, feathersand bonegrom the organic matteThese samples were then dried in the
sun during a period dependent on each ¢Ea 2.2), afterward, the samples werenserted in

newspapers and folded into little packages for further drying.

2.2.2 Prey species density

Prey species densities were estimated to aa#he potential prey preference of tigers. These estimates
were based upon data framidlife population assessmer@ports available at NTN@&or acomparison
between the three zonekata of previous years were consulted. The latest survey of prey sy
conducted in the corend buffer zone of CNP, was June2019. Howeverthe disintegrated data tha

not yet been anabgd. The second most recent survey for the @eadates back té\pril 2016 For

the buffer zone anccorridor forest the datased dated back thlay 2017. To use this data, the
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assumptiorwas madehat the prey compositiodid notchangesignificantly over time For the core

zone a line transect of + 21 km was used to study the prey density in the Eastern sector of CNP, in 2016.
Each transect was surveyed twice at periods were animals were active (morning/ late afternoon). Count
data were used and extrapolatedn® area to represent the relative prey availability. Similar methods

were used for the buffer zone and corridor forest.

2.2.3 Humantiger conflict

The study was conducted in the buffer zoneCdIP, including 2 Village Development Committees
situated in lhe Easter (Tikauli buffer zone community forest user group) and westerner section,
respectively(Fig 2.4) To obtain specific quantitative and qualitative information from the different
zonesa pre-formattedquestionnaire was developed with simple eperd closed questions about past
incidents, the loss of livestock and possible prevention me{lAouex|). The questionnairdeveloped

by Dr. Babu Ram Lamichhan@TNC, biodiversity conservation cemf and PhD studentSimon
Reynaer{UAntwerp) was used for comparison

For this survey, it was opted to interview the household hddaigsehold headsiere sometimes
temporarily absent, in which case another person of the same household was feeldwadterview

The household were semirandomlyselected based on the proximity to the border of the park and
distribution over the different zones tife park (focus on eashnd west zone) and accessibility by
bicycle. The questionnaire considers only the Chitwan district. In tetely householdswere
interviewed In eachzoneat leastL0% of the households were interview#tk starting point washosen

at randomleaving 5 households between consecutive interviews.

Data werecollected on human casualties and incidents of livestock depredation, that occurred during
the last years”  \ H DTW&human casualty data included type (killed or itjueed date(season
day/night). The livestock depredation data included livestock typettendumber of loss (buffalo,
duck/chicken, cow/ ox, goat, sheep, pitgte (season, day/night), methods of protection (light, noise or
shepherd dog) and thenclosure method dhe livestock(no shed, temporary with fence, temporary
without fence, permanent without fence or permanent with fenoeydates osurveyswvererecorded

using a handheld global positioning system (GPS) unit.

2.3 Data analysis
2.3.1 Scat analysis

After the scats were washed and drignd, procedurdollowing Ramakrishnaret al. (1999)was used

for the preparation of theicroscopicslides. First of all, the morphological features of the prey hairs
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were analyed and photographed (Canon EOS 200D). And for each sample signs of bone fragishents
small skulls were recorded. Secondly, approxima28hhairs were randomly taken from each scat for
slide preparatiorBefore mounting the hairs on the slide, they were first briefly washethanol and

dried using filter paper. Meanwhijlthe slides were cleaned and were polished with a thin layer of clear
nail polish. The mounted hairs waemoved after + 10 minutes using forcgpsiving an imprintThe
mounted slidesvere then examineasing a microscope under 400X magnificatidmere the medlary
pattern was matched with the patterns in the referealtectionbook Lastly, pictures okach hair
imprint were taken of the medial part of the medullary pattern with a Coslab Digital Camera (model:
MDCE-5C). The majority of prey species identification was largely performed atnineersity of
Antwerp, based on the pictur@sg 3.1).

Preyspecies were classified into three different classes in terms of their mean body weight, following
Lovari et al.(2015). Average weights of prey species were obtained fidimerstein (198Q)Weggeet

al. (2009)and Narasimmarajan and Parida (2018pecies with a mean weight between 5 and 25 kg

were FODVVLILHG D barkivgRIBezamr8dolahglir,Indianporcupine) petweer25 to 100 kg

DV WPHGLXP SUH\YT FKLWDO DQG ZLOG ERDU gBupdndislothdearDV pODU

2.3.2 Statistical analyis of diet study

For the diet study, llastatistical analyss were performed usinthe softwareRGui version 3.5.1

( ) HD W K H UData uekfifst tested on normalitwith RGui softwareand test results were assumed
significant for levels of p <.05. Tiger prey preferences were determined following the methods used
to determine the prey preferences of other large preddtassvardet al, 2006; Lyngdotet al, 2014

). A - D F RiEdex[was used to determine the prey selectivity of tigaiee different zones (CA, C&

BZ) using the formula:

a?a E=Jacobs Index

r = % prey species in diet

p = % available prey in the environment

This index generates a value betwegrand 1, where the latter represents a strong preference for the
considered prey specigsdditionally, Chisquare tests were applied to analyze differencébeiverall

diet between tigersto test for significant differences in diet between the different zones as well as
EHWZHHQ WLJHU DQG OHRSDUG JHQHU RPLHGIOBREETUDNE RGHOV
by two comparisons wengerformedutilizing posthoctukey tests to find significant differences. The

diet data matrix was split up to obtaimo dependent factors consisting of wildliémdlivestock. All

prey species presences and absefices0)in the data matrix were assigned to one of theselasses.
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Predator(tiger or leopard) and location (core area, buffer zone or corridor) were considered as

independent factors explaining thariation in the model.

2.3.3 Statistical analyis of humartiger conflict

To define the fractiomnd distributiorof livestock lo$ due to depredation, analysiad visualization

were performed iMicrosoft Exceland QGis. In order to test théypothesis that distance to the park

influences the number of livestock attacks/loss by tigers, a statistical analysis was performed in RGui
YHUVLRQ JHDWKHU 6SUD\" 7HVWJ¥Valdds Weéte GnirhtePsHl GO/ LI QL IL F I

Based on tharticleby Bommelet al.(2007), independentariables responsible for livestock loss were

seleted out of the data gathered with the questionnaire. The variables were testelyifcthey were

normally distributed witta Shapiro Wilk test, which was not the ca&eseneralLinearRegressio was

used to quantify the factors explaining the loss by depredation. The explanatory variablésewere

distance from the communities to the park boundary, zone (east/west), number of livestock owned,

education,season and protection measuremepistécton enclosures, gise, light or Shepard dog).

Seasons were defined as summer (Febrdiamg), monsoon (Jur@ctober) and winter (October

February)The Spearman correlation test alloweelto studythe data for correlated dependent variable

which could no be incorporated in theameGeneral Linear ModglGLM). To avoid multicollinearity

in the model, correlated parameters were never included in the same Asoa@kreliminary test, a full

factorial GLM was executed with all possible interactions. This warely a test since the inclusion of

all interactions results in overfitting of the model. Hereafteveralversions of the custom GLM were

carried out using reversed stepwise selection, starting from a full modethesatignination of thdeast

significant parameter@and by applying the Al€riterium

Within the questionnaires, different statements about wildlife conservation were presented to the
respondents. They were given the option to either agree with, disagree with, or indidedtyneu
towards different statements. This allowed for reporting on the divisigreeptionsamong the

population. The results were visud using Microsoft Excel.
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Figure 2.4: Visualization of corridor forest and buffer zone. Yellow points represents the locations of the ho
guestionnaire survey (n=60Ylap constructed in QGis (version 3.12).

Figure 25: Visualization of CNP with red dots representing the scat latstid tigersand, yellow dots represent leope
scat locationsMap constructed in QGis (version 3.12).
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Figure 3.1 Pictures taken by Coslab digital camera of hair imprints on the microscopic §ig&smedial cuticular pattern of guard h
both identified as spotted deer (Chiakis Axs)).

Rusa uicoi

Muntiacu Sus scrof Melursus ursinug

Figure 3.2 Major prey species of tigers in CNWith exception of sloth bea
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3.1 Diet study
3.1.1 Diet composition

In this study, atotal of 47 prey items of eight different prey species wdemtifiedin the 43tiger scats

(Table 3.1,Table3.2). The number of tiger scats collecteds84, 8 and 1, for the CA, Band CO,
respectively The distribution of scats across theee |RQHYV GLIIHUV ¥Y+ZBQRIHEFRQWO\ $
p-value= 8.263e05; Table 3.1, Fig 3.4). The majority of tiger scats were found in the CA.(073%0).

Thirty-nine tigerscats(90.70%) consisted of a single prey species and four sc@8%9 consisted of

two prey specieChital (57.45%) was the dominant prey species hunted byidfees in CNP(Table

3.2, Fig 33). The second was wild boar (02%), followed by sambateer(10.64%). Not all of the

prey of CNP were found in the scaisd, livestockvasabsent in this study

Table 3.1: General overview ohumberof scats found in eadrea of CNPelonging to either tiger or leopard

Corearea Buffer zone  Corridor forest Total per species Total used
Tiger 34 8 1 43 43
Leopard 4 18 2 24 21
Total per area 38 26 3 67 64

Table 3.2: Number (No.) of prey items belonging to tiger scatstained within CNP

Common name Scientific name No. of prey items Percentage (%)
Chital AXis axis 27 57.45
Sambar deer Rusa unicolor 5 10.64
Barking deer Muntiacus 3 6.38
Wild boar Sus Scrofa 8 17.02
Common langur Semnopithecus entellus 1 213
Gaur Bos gaurus 1 2.13
Indian porcupine Hystrix indica 1 213
Sloth bear Melursus ursinus 1 2.13

Total 47 100
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2.13%,-2.13%

2 130 2-13%

= Chital
Sambar deer

= Barking deer

= Wild boar
Common langur
V Gaur
= Indian porcupine
10.64% = Sloth bear

Figure 3.3: Visualization of thepercentage oprey items (n=47) obtained from the tiger diet in CNP, combing the CA
and the BZ.

Fig 3.3 complements Table 3.2, indicating that the majority of tiger diet consists of chital (57.45%).
Wild boar is also considered as an imporgaely item in the ger diet (17.02%).

Figure 3.4: Barplot representing the tiger diet in relation to the amounildfprey per category (smallmedium and large
prey)distributed across the different zoneste prey itemarein terms of counts.

Fig34FRQFOXGHV WKDW PRVW SUH\ LWHPV LQ WKH FDWHJRU\ RI |

zone. Logical, following the prey availability according to the latest wildlife assessment survey (2016),

which indicated that medium prey accounts for 71.01% ofdts wildlife assessment survey (Table
$GGLWLRQDOO\ pOHGLXP SUH\Y LV WKH PRVW FRPPRQ FDWI

94.14% for both BZ and CO (according to the wildlife assessment survey (2016), Table 3.4/ Table 3.5).
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3.1.2 Prey species preference
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Figure 3.5: Jacob'dndex indicating the mean and standard error of tiger prey preferetieedifferent prey
classes for (aENP, (b)corearea (c) buffer zone andd) corridorforrest.
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TKH PHDQ -DFRETV ,QGH[ DQG VWDQGDUG HUURIth CRRJaw thél SUH\ F
three different zoneis represented in Fig 3.B1 general, CNPeflectsa strong preference for wild boar

(0.74), common langu¢l), gaur(1), sambar (0.59nd sloth beaf0.75)(Table 3.3)Similar results are

obtainedn the core aregae.g. wild boar (0.85), common langur (1), gaur (1), sambar (0.85), etc. (Table

3.4). Chital, although abundant, is not preferred by tigers in CNP, including theatatehe buffer

zone.For CNP in general, as for the core atba resulsindicate astrongpreference for the small prey

category (525 kg), based on the mean Jacobs In#éx3.5: a, b)

Table 3.3: Overview of prey availability irChitwan National ParkSource: NTNC wildlife assessment rep@®162017),
diet contribution%, n=43)and potential prey preferencECSEWDLQHG EIndKHKHDFRBHPRU\ pPRWKHUVY FRQW
such as peacock, hog deer, e.g. species that were not present inah&gies in this study.

Tiger +CNP
Prey species  Count Availability (%) Diet contribution (%) Jacobs index Preference

Chital 1379 84.45 5745 -0.19 No
Sambar deer 45 2.76 10.64 0.59 Yes
Barking deer 26 1.59 6.88 0.62 Yes
Wild boar 41 251 1702 0.74 Yes
Common langur 0 0 2.13 1 Yes
Gaur 0 0 213 1 Yes
Porcupine 0 0 213 1 Yes
Sloth bear 5 0.31 213 0.75 Yes
Others 137 8.39 0 -1 No
Total 1633 100 100

Table 3.4: Overview of prey availability in the comne(Source: NTNC wildlife assessment rep@@16), diet contribution
(%, n=34 and potential prey preferencEBESEEWDLQHG E\ WKHKHDFRWHPRQGHRWKHUVY FRQWDLQV VSH
hog deer, e.gspecies that were not present in the diet of tigers in this study.

Tiger +Core zone

Prey species  Count Availability (%) Diet contribution (%) Jacobs index Preference
Chital 353 69.63 57.14 -0,10 No
Sambar deer 3 0.69 8.57 0.85 Yes
Barking deer 8 1.58 571 0.57 Yes
Wild boar 7 1.38 17.14 0.85 Yes
Common langur 0 0 2.86 1 Yes
Gaur 0 0 2.86 1 Yes
Porcupine 0 0 2.86 1 Yes
Sloth bear 5 0.99 2.86 0.49 Yes
Others 131 25.84 0 -1 No

Totd 507 100 100
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Within the buffer zone, tigers reflecstrong preference for sambar (0.71), barking deer (0.75) and wild
boar (0.57), but neutrality towards gaur (0) and sloth bedTébjle 3.5) According to the mean Jacobs
Index tigers in this zone also prefer the small prey category (Fig)3.8imilar as in the core area.
Within the corridor forest there & very small preference towards chital (Table 3.6),nauspecific
preference for a pregategory clagshowever due to the small sample size, the results are biased (Fig
3.5; d).

Table 35: Overview of prey availability in the buffer zon8durce: NTNC wildlife assessment rep@Q;17), diet contribution
(%,n=8 DQG SRWHQWLDO SUH\ SUHIHUHQFKN REWHBDLRUGIEWWKHKHV-P FREWDLQGEHSH
hog deer, e.g. species that were not present in the diet of tigers in this study.

Tiger xBuffer zone

Prey species  Count Availability (%) Diet contribution (%) Jacobs index Preference

Chital 513 91.12 55.56 -0.24 No
Sambar deer 21 3.73 22.22 0.71 Yes
Barking deer 9 1.60 11.11 0.75 Yes
Wild boar 17 3.02 11.11 0.57 Yes
Common langur 0 0 0 0 Neutral
Gaur 0 0 0 0 Neutral
Porcupine 0 0 0 0 Neutral
Sloth bear 0 0 0 0 Neutral
Others 3 0.53 0 -1 No
Total 563 100 100

Table 36: Overview of prey availability in the corridor foresbqurce: NTNC wildlife assessment repd17), diet
contribution (%n=1 DQG SRWHQWLDO SUH\ SUHIHUHQFH REWDIIRQH G EWWHKBV-DPFRERWDIL (
as peacock, hog deer.g. species that were not present in the diet of tigers in this study.

Tiger xCorridor forest

Prey species  Count Availability (%) Diet contribution (%)  Jacobs index Preference

Chital 513 91.12 100 0.046 Yes
Sambar deer 21 3.73 0 -1 No
Barking deer 9 1.60 0 -1 No
Wild boar 17 3.02 0 -1 No
Common langur 0 0 0 Neutral
Gaur 0 0 0 Neutral
Porcupine 0 0 0 Neutral
Sloth bear 0 0 0 Neutral
Others 3 0.53 0 -1 No

Total 563 100 100
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3.1.3 Diet comparison

Leopard and tiger diet are represente@iable 37. The number of leopard scats collected %ak8 and

2, for the CA, BZ and CO, respectively. In comparison with number of tiger scats collecte&dl, 8
and 1, for the CA, BZand CO(Table 3.1) The mgor differencein the dietbetween the species is the
presence of livestockl0%) in the diet of leopardéFig 3.7). Additionally, 42.86% of the samples of

leopard scat and, only 9.30% of the samples of tiger scats consistedpréivgpecies.

Table 3.7: Diet comparison of leopards and tigers in CNP.

Common hame

Scientific name

No. of prey items

Percentage (%)

Tiger | Leopard Tiger | Leopard
Chital Axis axis 27 15 57.45 50
Sambar deer Rusa unicolor 5 1 10.64 3.33
Barking deer Muntiacus 3 3 6.38 10
Wild boar Sus Scrofa 8 4 17.02 13.33
Common langur Semnopithecus entellus 1 1 2.13 3.33
Gaur Bos gaurus 1 0 2.13 0
Indian porcupine Hystrix indica 1 0 2.13 0
Sloth bear Melursus ursinus 1 0 2.13 0
Hog deer AXxis porcinus 0 2 0 6.67
Domestic goat Capra aegagrus hircus 0 3 0 10
Bird Unknown 0 1 0 3.33
Total 47 30 100 100
(a) (b)

Figure 3.6: (a) Proportion of wildlife found in the diet of both carnivores. (b) Proportion of livestock found in the diet of botlores
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For both tigers and leopards @NP, several less abundgmtey speciesareclustered in the lower left
guadrant of the feedingfrategy diagram, representing items with low contribution to the diet in terms
of preyspecific abundance (Fig 3.7)Chital was dominant in the diet of both predators in CNP,
projecting their similar utilization patterilthough abundant in availably ara contribution to the

predator diet, chital was not preferred by either tiger or leopard in CNP.

There is some variation in the contribution of livestankwildlife to the diet of tiger versus leopard as

well as between the different aredsple 3.1/ Table 37/ Fig 3.6 / Fig 3.7Fig 3.9. To find if any of

these variations are statistically significartyD O XHV ZHUH FR P S XMgth&th¥rwildifé, */0TV
livestock nor birds a significant interaction between species and location wasScatslobtained from

the CA contain a significantly higher proportion of wildlife (1.00) than those found in the buffer zone
(0.90) (GLM, z-value = 2.69, sralue = 0.007, df = ,2Fig 37). No significant difference was found in

CA and the CO in wildlife preitems. The diet of leopards in CNP consists of a significantly larger
proportion of livestoclcompared to théger diet (GLM, zvalue =-2.42, pvalue = 0.016, df = 1).

Figure 3.8

(@) Differences in th
proportion ofwildlife found in
scats of tiger and leop:
between the three differe
zones.

(b) Differences in th
proportion of livestock four
in scats of tiger and leops
between the three differe
zones.

Scats obtained from the ci
zone and corridor forest or
contain wildlife, whereas a fe
scats of the buffer zone cont
livestock.

(a)

(b)
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3.2 Humantigerconflict
3.2.1 Fractionand distributiorof livestock lost to large carnivores

Table 38 indicates the fraction of livestock that is believed tdds¢ to carnivors, in relation to the

number of livestock owndaased on the questionnaire survé@ye questionnaire focused on the conflict

in the BZ,attacks are displayed per zone and separated into tiger attacks and other large carnivores
attacks (a. leopard, crocodile, phyton, jackalhe latter are not normally distributed (W = 0.50744,

p-value = 6.903€.3), and deviationrbm normality is assumed.

Table 3.8: Fraction of Livestock lost to large carnivoresrélation to the number of livestock ownextie different zones of
theBZ in CNP, based on interview survég=60)

Tiger attacks on livestock Attacks of other large carnivores on
(%) livestock (%)
Zone within the BZ
East 0.72 217
West 7.25 531
Total 4.64 4.06

The fraction of livestock loss is based on the esgrotivestockdepredatiorby respondents during
recentyears ” \ H Diturelation to the number of livestock they own. In #asterrdistrict of the

BZ, the combined households owned a total of 138 animals, of which they only lost 4 due to depredation
over the past five yearJable 38 indicates thatigers were respondile for 1 loss(0.72%) and 3

additional losse&.17%)occurred due to other carnivores, respectively.

In the westrndistrict of theBZ, the combined households owned a total of 207 animals, of which they
lost 26 due to depredatiaver the past five year3igers wereresponsible for 15 loss€8.25%) and

11 losseg5.31%)were contributed by other carnivores.

The data show that tigers are responsible 164% of the attacks on livestoels a percentage of the

total number of Westock The pastoralists lose an addition®6%6 ofall livestock to other carnivores.

Based on the data collected within this survey, the mean loss over the past five years is 0.06 animals per
household that was interviewedf the 60 respondents, onlyreported having problems with tigers,

and only 4 reported having problems with other carnivores in the area (e.g. leopards, crocodile, phyton).
Most of the respondents (n=52) reported problems with herbivores and omnivores that caused crop
raiding, suctas wild boars (n=30¥potted deer (n=6)J KL Q R fandwid elephants (n=8)The latter

species wrealso reported as problem species due to occasional human casualties caused by unexpected

encounters between humans and wild elephants.
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3.2.2 Factors that influence the frequency of attacks

During the questionnaigurvey all respondents were asked to specify, for every attack, the place, time
(night or during the day), and seasturing which the attack took placgable 39 displays theesuts
for each of the large carnivores.

Table 3.9: Circumstances of the attacks on livestock around CNP by the different large carimypmeentage of total attacks
(n=60 with attacks n=21: n=11 for tigers, n=6 for leopard, n=4 for others).

Tiger Leopard Others
At night (%) 100 100 100
During the day (% 0.00 0.00 0.00
Monsoon (% 1818 16.67 0.00
Summer (% 1818 3333 50
Winter (%) 63.64 50 50

Table3.9 showsthat all the attacks that were reported during this survey occurred during thdmight
generalthe majority of the attacks occurrddringthewinter (16 Octobertl5 February), 684% for
tiger and, 50% for leopard and others, respectively. BigiBdicates that households with larger herds
of livestock GRQ TW Q HekpgeNewdernokeOffequentpredation by large carnivores, including
predation bythetiger.

Figure 3.9 Number of livestock lost biarge carnivores (e.g. Leopard, tiger, phyton, etc.) (naB4jotal livestockowned (n345 and number of
livestock lost by tiger depredation (n=16) vs. total livestock owned (n=345).
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A Spearman correlation test was implemented to test the datarfelated dependent variabldable
3.10), the outcome revealed a number of correlated paramdteesuse of light to repel wildlife is
significantlycorrelated with two variables, protection enclosu@e3§ p<0.01:Table3.10) andShepard
dog ¢0.46 p<0.001:Table 3.10), respectively Additionally, the number of livestock owned is also
significantly correlated with the protection enclosure (0.p80.001: Table 30), a higher number of

livestock present per household results in better protection.

Table 3.10: Outcome of the Spearman's rank correlation test, correlation is significant at *P < 0.05; **P < 0.01; ***P < 0.001.
Variables are light (L), distance to the pdt},(protection enclosure (PEShepardiog (SD), noise (N), education (E), number
of livestock owned (LO), summer Y Snonsoon (M) and winter (W).

Spearman'srank correlation rho

L D PE SD N E LO S M W
nght *% *kok
Distance
Protection enclosure *x *hx
Shepard dog rkk
Noise
Education
Livestock owned ikl
Summer
Monsoon
Winter
Correlation is significant at *P < 0.05; **P < 0.01; ***P < 0.001.

In order to address other variables or factors that can explain or influence the depredation by tigers,
severalGLM-modek werecreated in RStudidifal model:Annex Il). To prevent multicollinearityn

themodel it wasbased on the outcome tfe non-parametric test (Tabl@.10).

At individual household level it was found that distance to the park bouf@aM, z-value=9.8006,
p-value=0.00285, dfs5) andthe use of light/firg(GLM, z-value=5.6497, walue= 0.02348, df55)
were highly associatedwith livestock lossesWith increasing distance to the park bounddhe
likelihood of depredation on liv