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Abstract

Humarnelephant conflict (HEC) in the form of crogding, is a major conservation challenge to the
long-term survival of elephant populations, simultaneously threatening the livelihoods and personal
safety of people living in proximity to elephants. The widespread problem of HEC has led to a great
deal of regarch into the causes, consequences and predictors of elephantrardipng activity.
However, despite similarities across HEC situations;spieific differences are also apparent.
Furthermore, most studies focus on one facet of HEC when it is a congdeg requiring
understanding of local elephant behaviour, identification of the characteristics and patterns ef crop

raiding at the local scale, and careful implementation and monitoring of mitigation strategies.

In this study, | selected a region of Banka experiencing high levels of HEC and sought to provide an
in-depth assessment of the sipecific situation generated over a thrgear period. Specifically, we

aimed to: identify general patterns of behaviour occurring in local areas represatitiagng levels

of anthropogenic disturbance to elephants; profile patterns and predictors of-@ijing activity in

a village heavily impacted by HEC; and test the effectiveness of beehive fencing as an Asian elephant

deterrent tool.

First, | provideA YA GA L S@ARSYOS GKFG StSLKIyGa AYyKFOoOAGA
RAAUGdzZND I yOS 2dziaARS 2F LINRPGSOGSR 062dzyRFNARS&as Ay
4dzOK a ayvYStftAy3a FyR K2f RAY 3 (KSantwgpbgedicitireft©S Q LJ2 ?
in the environment. In the absence of any known disturbances, there was no difference in general
behaviours of male or female elephants between the two risk zones. Secondly, | show that elephant
crop-raiding in Dewagiriya Village ags yearround and follows no clear seasonal patterns. Similar to

other HEC situations, male elephants are the predominant -caigers, and crogaiding occurs

almost exclusively at nights. Withgite variations in cropaiding intensity were also ideffiggd, with

properties closest to water tanks and forest habitat the most vulnerable. Finally, our-yiesse

beehive fence trial showed that households using beehive fences around their gardens had
significantly less elephant visits into their gardensnheouseholds without. Still, difficulties in

attracting natural colonies, poor honey production,-sgt costs, and farmer motivations were barriers

to success.



This study contributes to the general body of knowledge on elephant behaviamttnopogencally
influenced contexts, and specifically on patterns of erapling and mitigation efforts. Further
research into the potential of beehive fences as an Asian elephant deterrent, preferably in a location
more amenable to beekeeping, would help to det@ne the value of expanding this technique further

in Sri Lanka, and elsewhere in Asia.
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1.1 Humanwildlife conflict

Humanwildlife conflict (HWC), where the actions of wildlife negatively impact the-bedg of
humans or vice versa, is an ongoing and increasing global environmental colMiearinedo 201%
BaruchMordo et al. 2008; Madden 2004). An array of wildlife from rodents to large mammals, are
implicated in HWC (Harich et al. 2013; Nijman and Nek#10; Woodroffe et al. 2005b; Gillingham
and Lee 2003), encompassing varying situations fsquirrels eating crops (Harich et al. 201i8),

wild dogs predating on livestock (Woodroffe et al. 280% bears posing threats to paoers Lewis

et al. 2A.5; BaruchMordo et al. 2008)On the other side of the coin, humans often drive conflict by
hunting or poaching, such is the case with the illegal killing or capturing of wild animals for 'bush meat'

(Ripple et al. 2016) or private pet trad@denard et & 2013).

Wildlife entering farmlands to forage on crops, commonly known as -‘ta@ing’, has been a
prominent HWC concern for decades and remains topical with no signs of abating (examples: Saraswat
et al. 2015; HoffmeieKarimi and Schulte 2014; Thapa 2010;r@giHam and Lee 2003; Bandara and
Tisdell 2002; Rao et al. 2002; Studsrod and Wegge 1995; Sukumar 1990). Communities of lower socio
economic status, particularly those who live on the fringe of traditional wildlife habitat and rely on
subsistence farming,ra often disproportionately affected by crejaiding (Barua et al. 2013; Ogra
2008; Rao et al. 2002), and many animals have been described, fairly or otherwise, as 'agricultural
pests' including rodents (e.g. squirrelSciuridaespp: Harich et al. 2013primates (e.g. rhesus
macaquesMacaca nulatta, Saraswat et al. 2015; and babooRapio anubisndPapio cynocephalus

Hill 2000, ungulates (e.g. barking dedriuntiacus muntjakRao et al. 2002and peccariesfayassu

tajacu Perez and Pacheco 2006) dardye terrestrial mammals (e.g. elephantexodontaafricana,
HoffmeierKarimi and Schulte 2014£&lephas maximusSantiapillai et al. 2006; and rhinoceros,

Rhinoceros unicorni§hapa 2010).

Injury or death to both humans and wildlife is a sericosisequence of HWC involving caaiding

(Barua et al. 2013; Choudhury 2004; Rao et al. 2002). Additipsaligtantial economic losses (e.qg.
when property or crops are damaged) and social costs (e.g. interruption of schooling or work due to
the presencef potentially dangerous wildlife) can have ongoing deleterious effects on people (Barua
et al. 2013; Harich et al. 2013; Hartter et al. 2011; Ogra 2008; Thirgood et al. 2005; Hill 2000). As

humans struggle to cope with consequences of HWC, negative pignes of ceexistence with



certain wildlife species grow (Dickman 2010; Madden 2004). Although not always responsible for the
most serious damage, species of a larger size which typically present a higher level of perceived
physical danger to humans, tenad receive the least tolerance and elicit harmful retaliatory actions
from people (HoffmeieKarimi and Schulte 2014; Ogra 2008; Naughtoeves and Treves 2005; Hill
2004; Bandara and Tisdell 2002).

With the continuing growth of human populations, angpansion of communities into land inhabited

by wildlife, it seems inevitable that humanildlife conflicts will only increase (Manfredo 2015; Harich

et al. 2013; Redpath et al. 2013; Fernando et al. 2005; Madden 2004). As a result, the conservation
efforts and longterm survival of several endangered and iconic wildlife species are being threatened
(Graham et al. 2010; Naughtdireves and Treves 2005; Loe and Roskaft 2004; Thirgood et al. 2005;
Madden 2004)A prime example of this is the conflict involvimgmans and both African and Asian

elephants (Graham et al. 2010; Perera 2009; Sitati and Walpole 2006; Bandara and Tisdell 2002).

1.2 Humanelephant conflict

There are various forms of conflict involving humans and elephants, the two most common keing th
illegal poaching of elephants to harvest tusks for the ivory trade, and-reidjpng by elephants.
Poaching primarily occurs in Africa where both male and female elephants typically have tusks (lhwagi
et al. 2018; Burn et al. 2011; Kahindi et al. 2008 ereas cropaiding is a major HEC issue in almost

all African and Asian elephant range countries (Okello 2016; Davies et al. 2011; Webber et al. 2011,
Graham et al. 2010; Perera 2009; Sitati and Walpole 2006; Sitati et al. 2003). Both are major
conservaion challenges to the longerm survival of elephant populations however it is the issue of

crop-raiding that forms the focus of this study.

Although African and Asian elephants are distinct species, with many unique morphological and
behavioural charactgstics, there are several fundamental characteristics of elephant-rmbing
that transcend locations, countries and continents. In most locations, the primary drivers of HEC are
the loss or fragmentation of traditional elephant habitat and disruptidnetephant movement

patterns, mainly due to deforestation, agricultural expansion and human encroachment into, or very



close to, elephant inhabited areas (Amwata and Mganga 2014; Chakraborty and Mondal 2013;
CamposArceiz et al. 2009; Fernando et al. 20@houdhury 2004; Sitati et al. 2003). Common
consequences of HEC are personally significant economic losses to farmers when crops are eaten or
trampled (Okello et al. 2016; Amwata and Mganga 2014; Gubbi 2012; Ekanayaka et al. 2011; Fernando
et al. 2005), dmage to property as elephants attempt to access crops stored inside (Canziz

et al. 2009), injury or death to humans and elephants (Chakraborty and Mondal 2013; Gubbi 2012;
Choudhury 2004; Sitati et al. 2003), disturbed sleep and work patterns gsepare required to
continuously guard crops (Barua et al. 2013; Hill 2004), and negative impacts on human physical and
mental health (Barua et al. 2013; Ogra 2008; Sukumar 2006; Hoare 2000). Unsurprisingly, HEC fuels
negative perceptions of eexisting with elephants and hinders local conservation efforts (Amwata

and Mganga 2014; Chakraborty and Mondal 20E8n&ndo et al. 2006

Several common factors that influence the likelihood of elephants raiding crops have also been
identified across multiple @t. These include the proximity of villages and farms to elephant habitat
(Barnes et al. 2015; Gubbi 2012; Graham et al. 2010; Sitati et al. 2003), the types of crops grown and
the growth stage of crops, with ripening maize and rice particularly suscegt@iakraborty and
Mondal 2013; Gubbi 2012; Webber et al. 2011; Graham et al. 2010; Calngaig et al. 2009; Chiyo

et al. 2005), and seasonal changes and rainfall (Gubbi 2012; Webber et al. 2011; Garepost al.

2009; Fernando et al. 2005). It ipiyal for male elephants to raid crops more frequently than female
elephants (Thaufeek et al. 2014; Das et al. 2014; Graham et al. 2010) an@idiog occurs almost
exclusively at nights (Das et al. 2014; von Gerhardt et al. 2014; Graham et al. 2010).

Despite the aforementioned commonalities across sites, it is wise to exercise caution when making
generalisations, even if the crapiding sites in question are in the same country or the same area of

a given country, and particularly when making managenoe mitigation decisions.

1.2.1 Humarelephant conflict in Sri Lanka

Sri Lanka is a country with a long and complicated history of htetegrhant interactions. Although

elephants are traditionally revered as a cultural and religious icon (Fernando2814dl; Santiapillai

4



et al. 2006; Bandara and Tisdell 2003), wild elephants have historically been subjected to high levels
of negative interactions with humans. From the hunting and capture of elephants in the early 1900's
(Agar n.d; Hennessey 1929), teihg caught in the crossfire of a lengthy and violent civil war
(Santiapillai et al. 2006; de Silva 1998; Alahakoon and Santiapillai 1997), to deforestation and habitat
loss (Haturusinghe and Weerakoon 2012; Wikramanayake et al. 2004), the relationshigebet
humans and elephants in Sri Lanka has been fraught with conflict:r@idipg has been discussed in
popular media since the mid 1900's (Hennessey n.d; TiNeithenius n.d) however it was around

the mid 1990's when it began to gain global attent&s a serious elephant conservation issue (de
Silva 1998Santiapillai 1996 Santiapillaiand de Silva 1994). In 2005, HEC was recognised as the
principal threat to the survival of Sri Lanka's wild elephant populafi@m@ando et al. 200%and it
continues to be a major issue in almost all elephant inhabited areaslodi8«@ Fernando et al2019;

Santiapillai et al. 2010) (fige. 1.1).

Sri Lanka: National Parks and Elephant Distribution

Eleprant T ehibutlzn

Sinharaja

Figure 1.1: Sri Lanka: National Parks and elephant distribution © Morgan Tipper
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As in other locations where cragiding occurs, the disruption of traditional elephant habiand
ongoing expansion of agriculture closer to forests perpetuate interactions between humans and
elephants Haturusinghe and Weerakoon 201Rernando et al. 2011CamposArceiz et al. 2009
Santiapillai 1996 Specifically, largecale development ingtling major damming projects for
irrigation and the resettlement of people near forest boundaries, are bringing humans and elephants

into direct competition for resources (Fernando et al. 2011; Santiapillai et al. 2006; de Silva 1998).

It is estimated tlat more than 200 elephanternando et al. 20)1and 50 humanGamposArceiz et

al. 2009; Perera 2009¥eaths occur annually in Sri Lanka as a consequence of HEGt&lonjuries

to elephants and humans (Thaufeek et al. 2014; Candposiz et al. 2009Vikramanayake et al.
2004), crop lossThaufeek et al. 2014; Haturusinghe and Weerakoon 2012; CaAnges# et al. 2009;
Wikramanayake et aR004), property damagd haufeek et al. 2014; Haturusinghe and Weerakoon
2012; Campogirceiz et al. 2009 and disuption of people's regular activities due to crgparding
efforts and being unable to safely move about the village when elephants are present, are further

serious ramifications (Santiapillai et al. 2010; de Silva 1998).

Elephants raid a wide varietyf druits, vegetables and grains in Sri Lanka during all seasons
(Haturusinghe and Weerakoon 201ZEkanayaka et al. 2011CamposArceiz et al. 2009;
Wikramanayake et al. 20Q0s4owever major crops such as rice are prime attractants and-@ioing

often pe&s as rice plants maturd@lfaufeek et al. 2014aturusinghe and Weerakoon 20E&rnando

et al. 2011). As with other areas experiencing high HEC throughout Asia, elephanaidiog
behaviour is almost entirely nocturnal (Campaseiz et al. 2009; Wikmanayake et al. 2004;
Bandara and Tisdell 2003) and it is more common for male than female elephants to enter farmlands
to crop raid (Thaufeek et al. 2014; Haturusinghe and Weerakoon 2012; Ekanayaka et al. 2011; Bandara
and Tisdell 2002).

Most of the vilages in close proximity to elephants are home to-ioaome farming families reliant

on annual or bannual harvest of rice crops for subsistence and income generation (Santiapillai et al.
2010; de Silva 1998). Ongoing crgding activity increases desration of communities to protect
their livelihoods, and people resort to more and more violent methods to deter elephants
(Haturusinghe and Weerakoon 2013antiapillai et al. 209)0Consequently, elephants respond more
aggressively to human presence, and a cycle of conflict ensteraando et al. 20)1 Despite
substantial efforts by conservationists and researchers to understand and mitigateasdipg in Sri

Lankajt remains gorominent issue.



1.3 Characteristics and behaviour of elephants in high hured@phant conflict areas

The widespread problem of HEC has led to a great deal of research into the causes, consequences and
influencing predictors of elephant crapiding actvity. However, for many locations experiencing

high levels of HEC, less is known about the general behaviour patterns (e.g. movement and foraging
habits, and responses to disturbance) of the overall local elephant population, especially in proximity

to farms and villages.

Knowledge of even relatively simple demographic characteristics can be hazy. For example, the best
available estimate of elephant abundance in Sri Lanka comes from a 2011 census conducted by the Sri
Lankan Department of Wildlife and Congztion (DWC). This census produced a population count of

5,879 wild elephants (Fernando et al. 2011; The Guardian 2011). However, itis likely population figures

have changed since then.

This lack of knowledge of precise elephant abundance faears and villages clearly impedes wildlife
management planning. Only recently has a coumiigle survey been completed revealing that
elephant range extends over almost 60% of Sri Lanka with people residing in almost 70% of this range
and conflict(especally involving male elephantsecurring almost everywhere humans and elephants

co-exist (Fernando et al. 2019). This aligns with prior research identifying almost 65% of suitable

St SLKIY(Gd KIFIoAdGrG &4 SEA&GAYI 2(Sahtapli6talz2B06)R8s A Iy I (

LRAAGAY3I GKFG GKS YF22NAGEe 2F StSLKEFEydGa Ay {NR
(Weerakoon et al. 2004).

In the absence of precise population figuaesd thus accurate estimates as to how many elephants
are involved in conflictgenerating demographic and behavioural information of elephants utilising
habitat near farms and villages can provide valuable insight for predicting futureraidipg activity

or even how elephants might react to deterrentstarman presence.

1.31 Risk taking behaviour

Essentially, elephant cremiding is a higiisk, highgain foraging strategy whereby elephants leave

the relative safety of PA's or forest habitat to enter farmlands and feed on crops. This foraging strategy
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puts elephants in close proximity to humai@ven that people scare, injure or even kill elephants to
deter them from farms, interactions with humans present a substantial thrEatls and Adams
2018).0n the other hand, elephants may see proximity tartan inhabited areas as a source of
opportunity, where nutritious fields of poorly guarded or unguarded crops are readily available (Evans
and Adams 2018).

Several behaviours of wild animals, including foraging strategies, are altered due to increasamg hum
animal interactions, particularly conflict events (Fischhoff et al. 2088y and Martins 2003; Anthony

and Blumstein 2000; Olson et al. 1997). In three separate examples, lizards habituating to areas of
high human use showed more aggression thandizar low human use areas (Lacy and Martins 2003),
Alaskan brown bears altered seasonal foraging patterns according to their degree of habituation to
humans (Olson et al. 1997), and zebra reduced use of grassland habitat when lions were observed in

the area on the same day (Fischhoff et al. 2008).

Cropraiding, where animals make the decision to enter a potentially risky area to forage, is often
characterised by strong mal@iased sex differences in frequency and intensity of raiding activiti

males tyically raiding more frequently, for longer durations, and causing more damage than females
(e.g. chimpanzees: Wilson et al. 2007; vervet monkeys: Saj et al. 1999). This is certainly true of
elephants. While cropaiding is not exclusively a male activitpales display a much greater
propensity to exploit this foraging strategy then do females, even though all elephants within the
population could theoretically access crops (de Silva et al. 28dtBrusinghe and Weerakoon 2012;
Fernando et al. 2011). Fltrmore, in areas where both sexds cropraid, male elephants tend to

raid yearround while females limit cropaiding activity to times when crops are nearing maturation

and to locations closest to forest boundaries (Williams et al. 2001).

In one of tle few indepth studies investigating the impacts of risk on Asian elephant behaviour,
Srinivassaiah et al. (2012) used areas of varying degrees of human disturbance to represent low to
high levels of risk, and monitored elephant behaviour patterns in eaeh. It was found that time

spent inrand outside of PA's, time spent feeding and specific behaviours all reflected the level of
perceived risk present. For example, elephants spent most of their time foraging or moving. However
as the level of human distbance (risk) became higher, time spent foraging decreased but time spent
moving increased as did vigilance behaviours. Adult male elephants spent more time in high risk areas
than any other elephants, demonstrating sex and-agsed influences on ridlaking behaviour for

this population (Srinivassaiah et al. 2012).



Other studies relating to behaviour in the presence of risk have shown that elephants possess the
capacity to assess varying levels of risk and adjust their behaviour accordingly. Aéjdzanes used
olfactory and visual cues to distinguish between the perceived presence of men from the Masai tribe
(who represent a threat to elephants) and men from the Kamba tribe (who do not represent a threat
to elephants) and fled from the Masai stim(Hiates et al2007). Similarly, Asian elephants exposed

to auditory cues of tiger growls (representing a real threaifh immediate silent retreatand to
leopard growls (representing no real threatith more investigative behaviourather than avoidnce
(Thuppil and Coss 2013).

With reference to elephant foraging behaviour in areas of high human presence, it could be that
females adjust their behaviour to the perceived level of risk by spending more time in PA's and
avoiding higkrisk areas, whilsmales finetune specific behaviours, moving faster across human

dominated landscapes, entering farms under the cover of darkness, and selecting crop fields with the

least guarding effort present (Evans and Adams 2018; Graham et al. 2009).

Identifying belavioural differences of elephants in areas of varying degrees of haiegant
interaction and potential influences of sex, age, and prior experience with humans can help to predict

the behaviour of individuals, or groups of individuals, across time antbxts (Freeman et al. 2013).

1.4 Humanrelephant conflict mitigation

For as long as elephants have been raiding crops, farmers have been utilising a wide array of mitigation
methods with varying degrees of success. Since the 1990's, much research isedfon the
development, monitoring and assessment of elephant deterrent techniques (e.g.:Afioeae 2015;
Graham 2010; Graham and Ochieng 2008; Sitati and Walpole 2006; Dublin and Hoare 2004; Osborn
and Parker 2003; Asia: Gunaryadi et al. 2017; Thiukerasu 2014; Davies et al. 2011; Thapa 2010;
Perera 2009; Fernandet al. 2008; Wikramanayake et al. 2003; de Silva 1998; Santiapillai 1996).
Mitigation efforts can broadly be categorised as lasgale (e.g. methods implemented at
government level), trditional (e.g. methods that have long been used by individual farmers), or
community-based (e.g. methods implemented at a village level, often with the help of NGO's or other
research/conservation organisations). Most deterrents have been tried at numeamagions,

spanning both Africa and Asia (Hoare 2015; Fernando et al. 2008; Nelson et al. 2003). However, despite



a long history of tried and tested HEC mitigation methods, caiging levels show no sign of abating.
What is becoming increasingly appardsa that there is no 'one size fits all' solution and that a
combination of deterrents based on sigpecific knowledge of cremiding activity, the local elephant
population, and community perceptions may be the best approach (van de Water and Ma2@£8n
Pozo et al. 2017; Karidozo and Osborn 2015; Fernando et al. 2008).

Cropraiding mitigation methods commonly implemented at a government level include confinement

of elephants into PA's through elephant drives, translocation of problem individualsaegescale

electric fencing (van Eden et al. 2016; Ponnusamy et al. 2016; Fernando et al. 2011; Santiapillai et al.
2006; Nelson et al. 2003). These methods are expensive and difficult to maintain and often do not
take into account the behaviour and mement patterns of elephants (Fernando et al. 2011; Perera
2009; Santiapillai 1996). Farmers are often encouraged to create 'elephant barriers' such as digging a
trench (Fernando et al. 2008) or planting unpalatable crops (Gross et al. 2017; 2016; Feshahdo
2008; Nelson et al. 2003). Trenches have a high failure rate as they are generally either prohibitively
expensive or not strong enough to withstand elephant encroachment (Fernando et al. 2008). Planting
unpalatable crops has its merits and somecass has been shown (Gross et al. 2017; 2016; Fernando

et al. 2008), however convincing farmers to change their cultivation habits is difficult and may not

always be economically viable (Fernando et al. 2008).

Traditional' smaflscale methods commonlyngployed by farmers include hanging tin cans from wire,
guarding crops from a tree hut or watch tower at night, making loud noises, shining bright flashlights,
and throwing firecrackers or fire sticks (sticks with an oil soaked rag set alight at one &hd) in
direction of elephants (van de Water and Matteson 2018; Haturusinghe and Weerakoon 2012;
Fernando et al. 2011; Hedges and Gunayardi 2009; Perera 2009). Over time elephants habituate to, or
find means of overcoming, most of these metho#lerfiando et b 2011; Osborn and Parker 2003).
Many farmers struggle to protect their crops using only traditional methods, and over time may resort
to using increasingly harmful means to deter elephants. Skameers set trap guns, plant live electric
wires, hide poison in crops, or use shot guns or explosives to injure or kill elephants (Haturusinghe and
Weerakoon 2012). As humans increase their aggressiveness towards elephants, elephants appear to
be adjustng their behaviour by reacting more aggressively towards humans. Thus, a spiral of HEC

escalation ensues (Fernando et al. 2011; Perera 2009).

Over the last two decades, a shift towards commuibised mitigation encouraging farmers to use

non-violent metrods has gained traction (van de Water and Matteson 2018; Changa et al. 2016;
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Karidozo and Osborn 201%edges and Gunaryadi 2009; Graham and Ochieng 2008; Sitati and
Walpole 2006). Ideally, communibased deterrents are relatively cheap, require littlendi to
establish and maintain, and encourage ownership and responsibility by the farmer (Changa et al. 2016;
Karidozo and Osborn 2015; King et al. 2011; 2009). Effectiveness of a comipaseity deterrent
depends not only the techniques ability to deter ghants but on how feasible it is for farmers to
implement and maintain, and their willingness to adopt the technique (King et al. 2011; 2009). Some
success has been demonstrated with initiatives using chilli based deterrents (Botd?amtaet al.
2017;India: Baishya et al. 2012; Sumatra: Hedges and Gunaryadi 2009; Tanzania: Changa et al. 2016),
bio-barriers of unpalatable crops (Nepal: Gross et al. 2017; ZaGbass et al. 2006 and beehive

fencing (Keny&ing et al. 20172011; IndiaNair and Jaysd?2016) however further research and trials

are required to properly understand where and when these methods may be appropriate.

1.4.1 Beehive fencing

Beehive fencing is a relatively new commusigsed mitigation method which has shown promise in
Africa(King et al. 2017, 2011; Scheijen et al. 2048d is gaining popularity not only for its properties

as an elephant deterrent but also due to recent worldwide concerns about the collapse of honey bee
colonies and the global push for promoting beekeeping honey bee health (Meixner and Conte
2016). This novel solution came about in the early 2000's when researchers from conservation
organisation Save the Elephaiienyajiscovered that African elephants avoided resting under trees
containing African hogy bees Apis mellifera scutellaja(Vollrath and Dougladamilton 2002). This

was followed by a series of experiments where elephants were exposed to audio playback of bee
sounds and responded by rapidly retreating from the sounds, performing explor@aysmelling)

or risk avoidance (e.g. shaking heads to potentially keep bees away from sensitive areas) behaviours,
and producing rumbleocalisations (King et al. 2007). These rumble vocalisations were recorded and
played back to elephants who again pesded with retreat and/or exploratory and avoidance
behaviours. This indicated that not only were elephants aware of the danger presented by the
perceived presence of bees, but that elephants could communicate this threat to conspecifics who

also respondd accordingly (King et al. 2010).

Based on the concept that crapiding could be reduced by capitalising on the la@eidance

behaviour elephants exhibited during playback experiments, the 'beehive fence' was de@fgngd
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et al. 2011; 200 A beehivefence is a series of beehives hung from pastg connected to one
another by wire linking one beehive to the next, with beehives approximately 8 m apangFig?).
Elephants attempting to enter the area inside the beehive fence, will hit the comugeire between

beehives, causing the attached beehives on either side to swing and, if occupied, disturb the bees

causing them to exit the hive and swarm at the elephants (King et al. 2011).

Figure 1.2: Example of a beehive fence:f r om Dr . LEU ceyp hKainntgsé sandd Beesd research
© Kylie M. Butler

Today in Africa, beehive fencing is being utilised as an effective, relatively inexpensive, and low
maintenance elephant deterrent, capable of deterring elephants from entering the fpedmeter

for up to 80% of approaches (King et al. 2017). In addition to providing protection of crops against
elephant depredation, farmers derive further benefits as honey and other bee products can provide
an additional income source or be kept for penal use, and honey bees provide pollination services
(King et al. 2017; 2011; 2009). Following on from initial success at multiple locations in iKiagyet (

al. 2011; 2009), results from a beehive fence trial in Tanzania using a linear fence tahdiviidek

boundary from nearby farmlands, also showed the potential of beehive fencing as aagtlom
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mitigation tool (Scheijen et al. 2017)dditionally, beehives are being used in South Affi@aok et al.

2017) and Gabon (Ngama et al. 2Di® proted valuable trees from elephant damage.

The success of beehive fencing in Africa, has led to questions about its potential applicability as an
elephant deterrent in Asia. Although there are many locations across the two continents with similar
crop-raiding characteristics, the species of elephant differs and more importantly, notable behavioural
differences exist between the African honey bee and Asian honeykae ¢erana ceranaOf most
concern is the difference in aggression, with African honey Baes/n to sting much more readily

and to swarm for longer distances when disturb@finston 1987)while Asian honey bees are
comparatively more placidPunchihewa 1994). However, initial audio playback experiments testing
the response of wild elephants Bri Lanka to the perceived presence of Asian honeybees, suggest
that avoidance responses are typical, although not as marked as in their African counterparts (King et
al. 20B).

To date, the onlyexisting evidence of beehive fencing exhibiting successaa Asian elephant
deterrentis presented inwo anecdotal newspaper reports from India (Dutta 2013; Manoj 2012), and
one threemonth research trial, also in India where beehives were arrangedliodlinear formation
blocking elephant pathways to fields from a nearby forest (Nair and Jayson 2016). Although this trial
showed promise, only 14 elephant approaches to the fence with two breaches were recorded and an
individual male elephant was responsilftar ten of these approaches Longer term studies over
multiple seasons are required to measure how the beehive fence performs over time and how
individual elephants respond to it, before it can be accurately assessed as a successful deterrent or

otherwise

1.5 Rationale

Although extensive research exploring various facets of HEC from a multitude of sites exists, the vast
majority of studiesfocus on particulars: for example, cremiding patterns, or demographic
characteristics of the local population, or a specific ratiign technique. Even when multiple aspects

of the conflict situation are examined, knowledge of the behaviour patterns of the local elephant
population is often lacking. Information from these studies makes a valid contribution to the HEC body

of knowledg, however the importance of generating as complete a picture as possible «fpgtafic
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conflict situations cannot be understated. This is particularly so when deciding on mitigation
techniques to implemenor whenrecommending specific mitigation tecigues based on success or

failure at a given location.

1.6 Thesis overview

In this study, | selected a region of Sri Lanka experiencing high levels of HEC in the foranaidlicrgp
(see Chapters 2 and 3 for detailed site descriptions) and sought taderan indepth assessment of
the site-specific situation generated over a thrgear period. The overarching objectives of this study

were:

a) To describe the general behaviour patterns of an elephant population in a high HEC
region of Sri Lanka, both insided outside of the local protected area, Wasgamuwa
National Park (WNP)

b) To create a profile of the crajpiding situation in a village near to WNP, including

identifying predictors of cropaiding activity

c) To test the effectiveness of a nand potentialHEC mitigation technique for Asja

beehive fencing, and evaluate its overall potential as an Asian elephant deterrent

InChapter 2 1 use video footage of members of the local elephant population captured over two years
of observations to score generbEhaviour (e.g. feeding and smaflale movement patterns) and
specific actions (e.g. smellimgnd headshaking) from a preletermined ethogram. | compare these
behaviours and actions for elephants inside and outside of WNP, and also in the presencseaog ab

of known disturbances (e.g. approach of motorbike, tuk tuk or other vehicle). The potential influence
of sex and prior level of negative interaction with humans (using wounds/scars as a proxy) on

behaviour was also examined.
In Chapter 3 | move intahe centre of the conflict zone: a small village on the outskirts of WNP called
Dewagiriya, which typically experiences high levels of-cagfing yearound. Before implementing

mitigation techniquesit is vital to have a sense of the patterns anduaficing factors of cropaiding
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activity, and this has been described for many eraigling sites in both Africa and Asia. Here, | use
farmer collected data and farmer interviews to determine seasonal, night/day, and lunar patterns of
crop-raiding, as wells typical group size and sex of cmaders (if known) and damage incurred. |
look at the potential influences of cregpe and farm proximity to forest habitat on susceptibility to
elephant encounters. These factors are commonly examined inreiidpg studies and incorporating
them into this study facilitates meaningful comparison across sites. Additionally, | placedvisight
camera traps in strategic locations throughout the village and in forest habitat on the periphery to
capture footage of elghants utilising these areas with the aim of identifying specific individuals, or at

least their gender and age class.

Finally,in Chapter4, | present findings from a thregear beehive fence trial in Dewagiriya village,
assessing the effectiveness daddhive fences by comparing elephant events and entry into home
garden areas for experimental (beehive fence) and control {meehive fence) properties during the
same periods. Assessing deterrent effect is an important element of determining the su€eass o
mitigation technique however there are multiple factors essential to evaluating overall feasibility of a
deterrent tool, many of which are commonly overlooked in the literature. | incorporate not only the
deterrent effect of beehive fences but commitynperceptions of its usefulness and their willingness
to participate; cost and time analysis of agi and maintenance; and benefits and challenges of

beekeeping, in an overall assessment of its potential as an Asian elephant deterrent tool in Sri Lanka.

Chapter5 concludes this study by providing a discussioroan findings from the aforementioned
chapters, includinghe benefits ofa multifaceted approach that simultaneously investigates the
behaviour of the local elephant population, with-diepth analysis of cropaiding patterns and
influencing factors, and a comprehensive assessment of a newly implemented mitigation technique.
We discuss the limitations and challenges of the study, provide recommendations as to the future
potential of beehive feaing as an Asian elephant deterrent, and suggest areas where further research

could be conducted.
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Chapter 2: General behaviour patterns of wild elephants
utilising areas of varying anthropogenic risk to elephants, in
Sri Lanka
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2.1 Abstract

Many species alter their behaviour in response to perceived levels of anthropogenidise, or

risk, in a given environment. Riakoidance responses such as fleeing are typical, and often have
fithessconsequences as the time available for important activities such as feeding, mating or resting

is reduced. In this study, the behaviooir Asian elephants observed in areas representing adow

medium level of anthropogenic risk was investigated. The results provided no evidence that general
behavioural patterns including time spent in locomotion, feeding or standing still differed between
elephants observed inside National Park boundaries -(islv zone) or in nearby external forest
(mediumNRA a1 T2yS0® ¢KS FNBldSyoOe gAGK 6KAOK St SLKI
such as smelling or dusting, was also similar. However, when presented with an immediate
anthropogenic disturbance, su@s an approaching vehicle, elephants would reduce the time spent
TSSRAY3I YR AYONBlI 4SS (GKS TNBIldSyOe 2F WNBIFOGABSO
in the low or medium risk zone. Overall, this study provides initial evidence that inelaman

influenced stimuli are perceived as a disturbance or threat by elephants, while also highlighting the

challenging nature of investigating elephant response to anthropogenic disturbance in the wild.

2.2 Introduction

A byproduct of worldwide humanpopulation growth andthe correlating infrastructure and

agricultural development is a blurring of the delineation between human and wildlife habitats
(Fernando et al. 2011; Graham et al. 2009). Inevitably, this results in an increase of interactions
between the species, which is influencing a habitat of conflict between human and wildlife
communities (Lacy and Martins 2003). Anthropogenically induced alterations reducing the size and
quality of wildlife habitat, drive competition for resources both withimd between species and force

many nonrhuman animals to adjust to unprecedented levels of human actiicy and Martins

2000 @ ¢SNX¥YSR WHYUGKNRLR2ISYAO RAAGAINDIFI yOSQemi KSasS A
viability of numerous wildlife spexs (Setsaas et al. 2007; Frid and Dill 2002; Lima 1998).

Anthropogenic disturbanceften leads to situations or environments of perceived or actual riskiness
to animals(Lacy and Martins 2003; Frid and Dill 2002; Anthony and Blumstein 2000; Mattson et al.

1992), and many species alter their behaviour to attend to varying risks in their environment (Lacy and
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Martins 2003; Frid and Dill 2002). For species which are hunted, captured or otherwise injured by
humans, the risks associated with anthropogenic distimce are particularly acute (Caro 2005; Frid

and Dill 2002). In such situations, animals often respond in a manner akin to responses provoked by
the threat of predation, of which riskvoidance or minimisation strategies are common (Frid and Dill
2002; %eidl and Anthony 2000). However, the obvious benefits of increased safety assumed-by risk
avoidance, often incur costs to fitness including less time available for feeding, resting or mating
(Blumstein et al. 2005; Lacy and Martins 2003; Frid and Di#l; 20thony and Blumstein 2000; Lima
1998), excess energy expended while guarding or fleeing (Kiffner et al. 2014; Frid and Dill 2002), or
reduced access to optimal habitat (Blumstein et al. 2005; Frid and Dill 2002; de la Torre et al. 2000;
Lima 1998; Limand Dill 1990). Such compromises to vital activities can have both-stmattiong

term negative consequences on body condition, reproductive success and even survival for individual

animals (White et al. 2002; Lima 1998; Lima and Dill 1990).

Identifying the ways in which wild animals respond to anthropogenic disturbance is fraught with
difficulty. Behavioural change can often happen slowly, and by the time it is suspected it is often too
late to acquire a baseline of formerly typical behaviour by whizltcampare. Researchers have
addressed this challenge by comparing the behaviour of wildlife thought to be, or at risk of being,
affected by anthropogenic disturbance at locations representing varying levels of human activity. This
can include comparisond areas of low to high hunting pressure (e.g. de Boer et al. 2004), areas
representing varying levels of ndathal human recreational activity (e.g. Lusseau et al. 2009; White

St td MphppovZ 2NI AYAARS | yR 2 dzi 8 CRSmag & alREA)A Iy | § S
Such studies provide numerous examples of behavioural differences according to perceived level of
anthropogenic risk, across a wide array of species (e.g. Crosmary et al. 2012; Lusseau et al. 2009;
Griffin et al. 2007; Setsaas at 2007; Donadio and Buskirk 2006; Williams et al. 2006; Caro 2005;
Lusseau 2003; White et al. 1999).

For example, recent studies show that heavily exploited mammals in Tanzania (including buffalo,
giraffe, roan antelope, topi, waterbuck, warthog and mBkare more likely to flee or increase vigilance

Ay GKS LINBaASyOS 2F KdzYty 20aSNIBSNE 2dzidaARS 27F t |
exhibited in marine mammals who modified diving patterns to spend more time deeper underwater,

in responsed the presence of tourist vessels (e.g. dolphins: Lusseau 2003; and killer whales: Lusseau

et al. 2009; Williams et al. 2006). For dolphins specifically, this change in locomotive patterns
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interrupts important foraging opportunities (Lusseau 2003). Sitgilar the United States of America
(USA), grizzly bears incredgre spentmoving thus reducingvailable foraging time, in areas where
human recreational activities such as mountain climbing are popular (White et al. 1999). This inverse
relationship béween movement and feeding is also exhibited in camelid species inhabiting reserves
in Argentina where poaching frequently occurs (Donadio and Buskirk 2006). Other species, while not
necessarily altering locomotive patterns, exhibit increased vigilanceaweirs, which can also
interrupt foraging. Heightened vigilance levels have been observed in roe deer occupying areas of
frequent hunting in the Netherlands (de Boer et al. 2004), in several species of ungulates utilising
KFoAdlFd 2dziaAi R (Cohdmary ét 8.2012)ynd FadnHadia (Betsaas et al. 2007), and by

Olympic marmots in areas of high human recreation activity in the USA (Griffin et al. 2007).

As highlighted above, many species demonstrate a capacity to recognise variations &twiskrb

areas representing different levels of anthropogenic disturbance. Additionally, many species can also
differentiate between fluctuations in anthropogenic risk within a given location (Ferrari et al. 2009;
Bates et al. 2007), particularly if the riskheightened by the physical presence of humans rather than
just anthropogenically induced changes to the ecosystem. Fluctuations in risk can occur daily (e.g. the
physical presence of a predator, or increasing visitor proximity to self), or seasangllgdgnsistent
increased human presence during peak tourist holidays or legal hunting seasons) (Lima and Dill 1990).
An ability to discriminate between risk levels enables an animal to respond appropriately to the
specific situation, rather than expendiegcess energy in a constant state of high alert (Ferrari et al.
2009; Bates et al. 2007; Lima and Bednekoff 1999). For example, European roe deer increase vigilance
behaviours during assigned hunting seasons, then relax these behaviours when hunting cease
(Behhaiem et al. 2008). Similarly, Alaskan brown bears who were not yet habituated to human
presence, would delay salmon feeding if the tourist season was extended, despite high availability of

food (Olson et al. 1997).

While changes in locomotion, fagang and vigilance are common responses to anthropogenic
disturbance, they are not necessarily uniform within individuals of the species present, abidsed
differences in response are quite common (Bunnerfeld et al. 2006; Lusseau 2003; Saj et)al. 1999
Generally speakingnales are likely to engage in riskier behaviour than females, trading off costs of
potential capture or injury for rewards including greater quantities of forage, or more nutritionally

rich foods (Ekananyaka et al. 2011; Bunnerfe¢ldle2006; Saj et al. 1999, Sukumar and Gadgil 1988).
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This was evident in the Eurasian lynx, where male lynx spent more time in proximity to human
habitations than did female lynx, presumably driven by the increased density of prey species in these
locations and more willing to accept the associated anthropogenic risks (Bunnerfeld et al. 2006). A
similar story presents with male vervet monkeys who actively seek out anthropogenically disturbed
areas to forage on crops far more frequently thEamales (Sajteal. 1999).However, there are
exceptions. For examplayhile dolphins of both sexes interrupted foraging patterns and altered
locomotion by deepliving in response to approaching tourist vessels, males were the most risk

averse and initiated diving eagtithan females (Lusseau 2003).

Elephants, both African and Asian, exemplify species whosetéomg survival and wellbeing is
threatened by increasing levels of anthropogenic disturbance (Graham et al. 2010; Perera 2009; Sitati
and Walpole 2006; Bandaend Tisdell 2002). Elephant habitat in all elephant range countries has
been severely depleted due to human driven development and encroachment forcing humans and
elephants into eveincreasing proximity (Amwata and Mganga 2014; Chakraborty and Mondaj 2013
CamposArceiz et al. 2009; Fernando et al. 2005; Choudhury 2004; Sitati et al. 2003). Aside from a rare
few records of lions or tigers preying on young or weak elephants (lions: Davidson et al. 2013; Power
and Compion 2009; Loveridge et al. 2006, tig&msmaraguru et al. 2011), humans are the only
WLIINBRIFIG2ND 2F SESLKIyGad | Aad2NAOFfftesr KdzvYl ya
captured elephants for entertainment, warfare and labour (Rangarajan 1996; Sukumar 1989).
Presently, poachig for body parts (lhwagi et al. 2018; Burn et al. 2011; Kahindi et al. 2009) and
retaliatory attacks by farmers, who are frustrated and irate following elephant raids on their crops,
remain major threats to elephants (Okello 2016; Chakraborty and Mor@E8;Z5ubbi 2012; Davies

et al. 2011; Webber et al. 2011; Graham et al. 2010; Perera 2009; Sitati et al. 2003). Thus, it makes
sense that elephants perceive humans as a threat (ThuppiGasd 2013). Understanding how these
longlived and cognitively sopsticated animals adapt behaviours to negotiate a world where their
habitat is increasingly altered by anthropogenic disturbance, could be key to developing effective
management strategies and promoting a more harmoniousexistence between humans and

elephants.

As it stands, evidence exists from multiple locations supporting the notion that elephants are aware
of the risks of anthropogenic disturbance and activity, and that behavioural adjustments are made to

minimise the risks presented by interactiongiwhumans (Wilkie and Dougkxamilton 2019; Gunn
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et al. 2013; Graham et al. 2009; Barnes et al. 2006). In rural communities across both Africa and Asia
where cropraiding by elephants is common, elephants forage on crops almost exclusively at night
(Gunnet al. 2013; Graham et al. 2009; Barnes et al. 2006), despite wild fo@gingingoften during

the day (Sukumar 1989). African elephants have also been known to increase their average speed of
locomotion when traversing areas of high human densitylK/iand Douglasiamilton 2019).
Furthermore, in Kenya, elephants responded to the perceived presence of humans from specific tribes
known to present a threat, with increased vigilance and locomotion when compared to other less
harmful stimuli (Soltis etla2014; Bates et al. 2007). However, these examples typically focus on the

upper and lower scales of risk, comparing behaviour in the riskiest situations (e.g. foraging on crops in

a human occupied village) and the least risky (e.g. within the confinasR&). More and more,
StSLKIyGa FNB aLSYRAY3I AYyONBlFaSR GAYS 2dziaARS 27
common and often poorly maintained (Ponnusamy et al. 2016; Fernando et al. 2011; Santiapillai et al.
2006). The majority of elépl yGa Ay {NA [Fy1F &aLISyR 4G €SFad a2\
is not surprising given that more than half of suitable elephant habitat falls outside of protected
boundaries Fernando et al. 201%antiapillai et al. 2006; Weerakoon et al. 2R0This increase in

proximity to humans certainly poses additional risks and exposure to anthropogenic disturbance for
elephants however is not as extreme as when elephants come into direct conflict with husuaihs

as during crop raids. Identifying whnetr elephants adapt behaviours in this interim environment of

risk, and if so how, would provide clues to a largely unexplored element of hetephant

coexistence.

When investigating and comparing behavioural patterns of any wild animal across mutépldtss
impossible to account for all confounding variables. This is, of course, the situation when studying wild
elephant behaviour in areas representing different levels of anthropogenic disturbance. A range of
factors, from even subtle environmentadriations (e.g. vegetative structure, availability of resources,
microclimates, presence or absence of other species) (Griffin 2007) to individual animal personalities
(Hollander et al. 2008; Freeman et al. 2007) can potentially influence behaviourveighagistic and
ethical constraints render it nigh on impossible to experimentally manipulate anthropogenic
disturbance in the wild. Captive studies can be useful but come with their own practical and ethical
considerations, and comparability may be d&dde particularly in relation to lontived and

intelligent species. That studies spanning numerous continents and species have demonstrated
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changes in behaviour consistent with the scale of anthropogenic disturbance presented at different

locations, show merit in such comparative approaches despite some limitations.

In this study, we provide a comparison of general behaviour patterns, specifically locomotion, foraging
and standing still, for Asian elephants utilising habitat representing differentsefeinthropogenic

RAZGdNDFyOS 2N Nxai G2 St SLKIyd

A % 4 A x

ao® 2SS aSt SOGSR I
Wiz2g NRA]l T2ySQou t20FG§SR gAGKAY RSaAdaIylF SR gAf
fF

FYGKNRLIZIASYAO RAAGdINDE Y OS2 Y6 EKSINS || F21 SING YR SRdzidzyA RIS

aimed to:

- /I 2YLINB (GKS GAYS StSLKFIyida aLISyld F2NIFIAyII Ay

in the low and medium risk zones

-/ 2YLI NB FTNBIljdzSyOe 27 YWNE et ARAE (10AS/KE XD AG2YOSNE Ok YO
throwing objects, trunk touch to own mouth, vigilance/freeze posture) observed in the low

and medium risk zones

- Compare the above behaviours and actions for elephants in the presence and absence of

identified dsturbances (approach of vehicle, pedestrian or dog), for each risk zone

Furthermore researcherinvestigated whether behaviour differed across males and females for each
risk zone, and in the presence of known disturbances. We also investigated theiglitgftuence of

prior negative interactions with humans, using wounds and scars as a proxy.

Information generated from this study will assist in identifying how, or indeed if, Asian elephants are
altering certain behavioural patterns, when inhabiting@as closer to human communities, and how
they are responding to the associated perceived anthropogenic risks. Contributing to the knowledge
base of animal behaviour inside and outside of protected areas generally, and specifically in response
to anthropogaic disturbance and riskacilitates comparisons across both sites and species, and
enables retreactive evaluabn of the impact of human disturbance on elephants. The future well
being of elephant populations depends at least partially on facilitatingpee peaceful coexistence

between humans and elephants living in proximity to one anotfitle more informatiorgarnered
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about general behaviour patterns in human dominated landscapes, and specific responses to
anthropogenic risk and disturbance, the batequippedconservationists, managers and other policy
makersare to develop management strategies with the welfare of both elephants and humans at the

forefront.

2.3 Methods

2.3.1Studysite

This study was conducted within the dry zone of Centrab®kd, at two neighbouring locations which
nonetheless varied in levels of anthropogenic disturbance. The Central Sri Lankan dry zone has an
average annual temperature of 28°C, with little fluctuation throughout the year, and is characterised
bytwowetsed 2y aY G(GKS Wf2y3d NIAyaQ FNRBY hOi26SNI G2 Wy
The driest time of year is between July and September (de Silva and de Silva 2007; Fernando et al.

2005; Wikramanayake et al. 2004).

The two specific locations choséor this research were: a) inside the sotghstern boundary of
Wasgamuwa National Parkark entrance: 07°39.051' N, 080°55.633' &)d b) an area outside of

LJ N] o02dzyRFNASA FYR Ay 0SG¢6SSy @Attt ISgatidds t t SR &
are characterised by tropical dry mixed evergreen forest habitat bordering grassy clearings, with
access to permanent, although fluctuating, water sources. Elephants are commonly observed in both
areas, and it was considered highly likely that maljvidual elephants within the overall population

would utilise both areas. This provided a unigque opportunity to study the behaviour of elephants from

the one population in areas of similar habitat but with varying degrees of anthropogenic activity and

low and medium disturbance. Additionally, both sites were easily accessible by vehicle with clearings
providing relatively unobstructed and safe observation opportunities. Further information on each

location is detailed below.

36



RADUNNAWEWA
[ ]

PUSSELLAYA

HIMBILIYAKADA @

® TREEHUT

.

» 9

1 GALL Sri Lanka

Figure 2..1. Overview of study site: Wasgamuwa National Park (low-risk zone) and Weheragala Tank (medium-
risk zone). The green square highlights the south-eastern section of Wasgamuwa National Park encompassing
our observation area, while the orange circle represents Weheragala Tank and immediate surrounds.

2.3.1.1 Wasgamuwa National Palw risk zone)

Wasgamuwa National Park spans 370 km2 however much of the park is inaccessible either due to
terrain or distance from the one park entrance, and visitors typicadly only the soutkeastern
section which is near the Mahaweli River, and several-made water tanks. The water sources and
grassy clearings throughout this section of the park provide a focal point for wildlife, including
elephants. The soutkastern bounlary of Wasgamuwa National Park is partially surrounded by an
electric fence however, this is often poorly maintained, and elephants commonly use this area as an
access point between the park and neighbouring villages. Our data collection was conceinttated
clearings observable from the many dirt roads, throughout an overall area of approximately 46 km?2 of

this southeastern section of Wasgamuwa National Park (Figure 2.2).
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interactions within park boundaries should be limited to rangers and visitors travelling in vehicles
along designated tracks and minimising behaviour that could disturb the elephants. Furthermore,
visitors are only permitted in the pafketween 7 am and 6 pm, and at all times elephants can seek

refuge in forest away from humans.

2.3.1.2 Weheragala Tarflnedium risk zone)

Located approximately two kilometres from the nearest park boundary and six kilometres from the
parkentrance, Weheragala Tank is situated between three villages, all which experience some degree
of humanelephant conflict in the form of crepmiding (pers. comm). Weheragala Tank is
characterised by a large mamade water tank, surrounded by a grassy dleg and forest habitat
(Figure 2.3). Water levels in the tank fluctuate widely throughout the year, generally coinciding with
the rain seasons, although local government departments can release or take water at any time. At its
most full, the tank coveran area of approximately 0.254 km2 with water reaching up to the forest
edge. At its driest, water spans an area of only approximately 0.045 km2 and a grassy clearing of up to
250 m length separates the forest and tank edges. When the tank is full, therwesd southern

sides are not accessible by vehicle.

2 SKSNY 3Ll ¢yl 6Fa RSFAYSR Ida | WYSRAdzZY NR &l 1
use resources such as water, forest edges and paths or roads. Negative interactions do occur,
particulaty in the early mornings or late afternoons. At this time, people are often traveling between

villages for school or work, while elephants are often emerging from or returning to forests, before or

after foraging in the clearings and drinking from the wataks. However, elephants are not exposed

to the same high level of negative humalephant interactions as when they directly enter villages to

forage on cultivated crops. Thus, the anthropogenic disturbance and risk presented at Weheragala

Tankfalls8YS 6 KSNB Ay (GKS YARRES 2F GKS ao0rtsS 68iG68Sy
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Figure 2.2 South-eastern section of Wasgamuwa National Park,showing tracks driven during
observation sessions, water reservoirs and the Mahaweli River.
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2.3.2 Study subjects

Subjects were 72 wild and freanging adult Asian elephant&léphas maximys(25 females, 47

males), from a population inhabiting areas inside and outside of the seagtern boundaries of
Wasgamuwa National Parido male elephants exhibiting outward signs of musth (their reproductive

state) were included in the studfelephantswere observed in group sizes ranging from a single

elephant to groups of up to 52 individualsollowing the protocol outlined in Chiyo et al. (2011), a

group was defined as a spatially cohesive and behaviourally coordinated aggregation of two or more
elelIKI yiaod W{LIGAIffe O2KSaA@dSQ YSIyld AYRAGDARdZ f 3
2NASYGSR Ay (GKS alryYS 3SYySNIf RANBOGAZ2Y H6KATS Y:

majority of the group performed similar actions and/or interactednather group members.

Individual adult elephants were identified using a photographic identification file which | developed
using photographs captured between May 2014 and November 2016Higugre 2.4. Prior to this

study, no photographic identificath file or other record of individuals from the local elephant
population existed. Consequently, precise ages of individuals were unknown. Elephants were
recognised as adults using a combination of cues based on body size, degree of ear folding, and

depignentation (de Silva et al. 2011; Avirazhagen and Sukumar 2008; Gunawardene et al. 2004).

9F OK F RdzZf G St SLKIYyG -pdzél ¥ t BEG INIOSYA 2y HDIE SO | WG {
and absence of prominent lumps and wounds on their body (includ#agl, limbs and tail) as a proxy

for negative interactions with humans. As confirmed by elephant behaviour and veterinarian experts

in Sri Lanka, these lumps are typical of those inflicted by humans using guns (including homemade or
shrapnel guns) and othecatapults, often to chase elephants away from their homes or property.
Elephants were given a low, medium or high EHI score depending on the number of lumps present. If

both sides of the body could not be observed (and the elephant had less than 25\igilybes on one

side¢ in which case an automatic high score is awarded), no rating was given (Table 2.1; Figures 2.

2.6 and 2.7). Due to small sample sizes, elephants with low and medium EHI scores were grouped

together, forming a low/medium category WhOK ¢S G SNXY SR Wi 26Q F2NJ 6KS L
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MOHAN. (Adult male) Med-risk zone
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MOHAN. v1.3 2017-03-17 p1.

Figure 2.4 Example from Elephant ID File. Mohan: page 1. This page shows left and right profiles and a front-on
view of Mohanoés face. Distinguishabl e de pars@reerybhwious.
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MOHAN. (Adult male) Med-risk zone

—
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MOHAN. v1.3 2017-03-17 p2.

Figure 2.4 Example from Elephant ID File. Mohan: page 2. This page shows his full body left and right profiles,

illustrating numerous scars and lumps scattered about his body, and also an easily distinguishable shape for the

tail hair. All these features, in addition to ear shape and depigmentation provide important clues when attempting
to recognise individual elephants in the field.
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EHI Description

score

Low 9f SLIKIYy(d KFa X p fdzyLla | ye@gKSNBE 2y A

Medium | Elephant has 6 to 24 lumps present, generally scattered sporadically across body
head, limbs and/or tail but caalso be clustered together in one or two locations

High 9f SLIKIYy(d KFa wp x fdzyLlas 3IASySNItfte |

Table 2.1 Elephant-human interaction (EHI) ratings and definitions

Figure 2..5 Elephant with a high Elephant-Human Interaction rating. This is an adult male elephant named
Abeeshan. This picture shows the numerous large lumps, bumps and wounds present on just the left side of his
body. Overall, | counted 46 lumps on his body and rated him as having a high level of previous negative

interactions with humans (high EHI). © Kylie M. Butler.
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