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First attempt at rehabilitation of Asiatic Black Bear cubs to the wild in Thailand

Robert Steinmetz !{f}, Worrapan Phumanee 2{f, Rungnapa Phoonjampa & & Suthon Weingdow * &

123 WWF Thailand, Pisit Building, 11 Pradiphat Soi 10, Pradiphat Road, Phayatai, Bangkok 10400, Thailand.
“Department of National Parks, Wildlife, and Plant Conservation, Phaholyothin Road, Jatujak, Bangkok 10900, Thailand.
troberts@wwf.or.th (corresponding author), 2wphumanee@wwf.or.th, *rungnapap@wwf.or.th, * sutoneweingdow@gmail.com

Abstract: Returning orphan bear cubs to the wild can benefit bear welfare and conservation but is hindered in Asia by the scarcity of
documented experience. We experimented with rehabilitation of two Asiatic Black Bear cubs in Thailand using the assisted method of
soft-release. We raised the 5-month old cubs for 11 months with minimal human contact in a remote enclosure in high quality habitat,
letting cubs out periodically to walk with caretakers in the forest. The caretakers acted as surrogate mothers, allowing cubs to safely
acquire foraging skills and familiarity with the forest. Supplementary feeding resulted in the cubs’ rapid weight gain (average 157g/
day), faster than would occur in the wild. Faster growth allowed the cubs to be released sooner, reducing the likelihood of long-term
habituation. After three months of rehabilitation, the bear cubs started showing signs of being wary of the caretakers (e.g., cautious
when we approached their enclosure) and their focus during walks switched from play to foraging. After seven months they began to
spend nights away from their enclosure, thus declining the supplemental food. This sequence and timing of increasing separation and
independence from people matched other assisted soft releases in the region. The cubs went missing in month 12, shortly before planned
collaring and release. They were seen together 2.5 months later on a fruiting tree and ran away when approached. Assisted soft releases
might be a promising option for bear rehabilitation in Asia but more data are needed to evaluate their effectiveness relative to other
methods. This method affords direct observations of bears in the wild that can augment our knowledge of bear behavior and ecology.

Keywords: Reintroduction, soft release, Ursus thibetanus, walking with bears.
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Rehabilitation of Asiatic Black Bear cubs in Thailand Steinmetz et al.

INTRODUCTION the park using this assisted soft-release approach. Our
goals were to: (i) take advantage of an opportunity to

Orphan bear cubs are common in southeastern observe bear behavior in the wild, (ii) conserve the local
Asia due to widespread hunting of adult females with  bear population, (iii) generate lessons and experience in
cubs and trade in young bears as pets (Tumbelaka rehabilitation procedures that could inform future bear
& Fredriksson 2006; Vinitpornsawan et al. 2006). releases, and (iv) save the two bears from a lifetime in
Orphan cubs often end up at rescue centers, following  captivity.
confiscations and donations. In Thailand for example,
one center (Banglamung) has 87 Asiatic Black Bears Study site
Ursus thibetanus and 26 Sun Bears Helarctos malayanus, The present orphan bear rehabilitation project was
and these numbers grow each year, straining available  conducted in Mae Wong National Park, northwestern
resources (P. Chotiwatpongchai pers. comm. 2016). This  Thailand (99.07-99.37E, 15.65-16.10N; Fig. 1). The
abundance of captive bears, combined with a desire  894-km? park is covered with tropical evergreen and
to improve animal welfare and conserve wild bear deciduous forest types and is inhabited by wild Asiatic
populations, has generated widespread interest among  Black Bears and Sun Bears. Elevations range 150-
governments and non-government organizations in 1,964 m; the area has a monsoonal climate with a dry
the idea of reintroducing captive bears to the wild in  season (November—May) and a wet season (May—
southeastern Asia, but there is a scarcity of knowledge  October). Average annual rainfall is 1,200mm and mean
to guide this challenging undertaking. temperature is 27°C.

Releases of Asiatic Black Bears to the wild have been
conducted in Russia (Skripova 2013), South Korea (Han
& Jung 2006), India (Ashraf et al. 2008), and Lao (Scotson ~ MATERIALS AND METHODS
& Hunt 2008). Both soft and hard release approaches
have been used. In soft releases, bears are released The cubs weighed about 3kg and appeared healthy
after a period of acclimation and supplemental feeding, (active, hungry, no injuries) when first acquired in
typically within an enclosure at the release site. In hard  February 2016. Before rehabilitation, the park staff had
releases, bears are transported and released without kept the bears for nine weeks at their park headquarters
acclimation to the release area. A few projects have in a cage. They were fed rice, milk, and fruits. During
experimented with both approaches and had greater  this time, the bears received generous attention from
success (higher post-release survival and lower conflict  the park staff, interacting daily with numerous people
with humans) with soft releases. Two unique soft- who played with them.
release projects are those of Ashraf et al. (2008) with We initiated the rehabilitation program in April 2016.
Asiatic Black Bears in India, and Fredriksson (2001) with ~ The cubs weighed 6.7 (female) and 4.2 kg (male) and
Sun Bears in Indonesia. Both these projects employed  were about five months old at this time. In subsequent
an assisted soft release, a variant of a soft release, in  months we could only visually estimate their weights,
which the bear cubs are held in an enclosure at the as they were too unruly to hold on a scale; thus, all
release site at night but regularly let out to forage and  but our first weight measurement are estimates, not
explore the surrounding forest under the protection of  actual weights. The cubs were transferred to a chain-
caretakers during the day (Beecham et al. 2016). This link fence enclosure (3 x 1.5 m) at a remote site in the
option, also called ‘walking with bears’, is less commonly  park, 20km away from the nearest village. In July 2016,
employed than the other methods and its efficacy is  we transferred the bears to an adjacent larger enclosure
relatively unstudied. (16 x 8 m) as they had outgrown the space available in

In February 2016 two orphan Asiatic Black Bear cubs,  the initial one. The site was in mixed deciduous forest, a
a male and female (presumably siblings), were found by  habitat that harbored many fruiting trees and other food
park staff in Mae Wong National Park, Thailand. They items that bears feed in the wild (Steinmetz et al. 2013).
were about three months old. The mother may have  Perennial streams were present. Wild bears occurred in
been killed by hunters or separated from the cubs the release area but were not abundant, as evident from
during the extensive fires that occurred at the time. the direct observation of bear signs. Leopards Panthera
Such small cubs were unlikely to survive in the wild  pardus and Tigers Panthera tigris also inhabited the
without protection by their mother. We (WWF and Mae  surrounding forest, though we never encountered them
Wong National Park) decided to rehabilitate them to  directly at the rehab site.
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Figure 1. Map of Mae Wong National Park, Thailand, showing Asiatic Black Bear rehabilitation and release site.

The enclosures had a water trough for bathing.
Logs and a raised wooden platform were available for
climbing and resting, and plastic buckets and balls were
used as enrichment to keep the bears occupied, promote
cognitive development, and prevent stereotyped
behaviors from developing (Beecham et al. 2016).
Shade was available from surrounding trees. The two
bears were kept together so they could socialize with
each other.

The enclosures were 150m from a ranger station
manned by three rangers. Together with the first two
authors, these five people were the main caretakers
of the bears. Because of the enclosure’s proximity to
the station, the bears were aware of human smells
and sounds, but this proximity also gave us convenient
access for daily feeding and other tasks.

Feeding

Rice was discontinued once rehabilitation began in
April 2016. On days that we walked the bears, they were
fed once, in the afternoon after their walk. On days
without a walk, the bears were fed twice per day, in the

morning and afternoon. Each meal was dry dog food
and milk. Fruit or vegetables were also given 4—6 times
per week (watermelon, pumpkin, papaya, banana).
The milk was store-bought whole cow’s milk meant for
humans. Milk and dog food were poured into bamboo
feeding troughs, whereas fruits and vegetables were
scattered in the enclosure to stimulate foraging. In the
first three months of rehab (bears 5-7 months old) we
fed each bear about 3,000g of milk and 300g of dog food
each day. In the next three months (bears 8-10 months
old) we reduced milk to 2,000g/day and increased dog
food to 800g/day. Thereafter (11-16 months old), we
ceased milk and increased dog food to 1,000g/day/bear.

Rehabilitation

We employed an assisted soft-release approach to
prepare the bears for eventual release. In this approach
the bears were fed and cared for in an enclosure at their
eventual release site, but periodically let out to forage
and explore the surrounding forest under the watch
of dedicated caretakers. After walks the bears were
returned to the enclosure for the night. The caretakers

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 May 2021 | 13(6): 18411-18418
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acted as surrogate mothers, allowing the cubs to safely  during walks but we could not quantify the mass of wild
acquire foraging skills and familiarity with their future  foods they ate. The bears grew rapidly, increasing from
home. Human contact was otherwise minimized, and  about 3kg to 50kg in 10 months (Fig. 2), an estimated
limited to a small core group of caretakers. Caretakers average gain of 4.7kg/month, or 157g/day. We did not
did not receive formal training. Prior to the project, estimate their weights in the final two months, but by
we familiarized ourselves with bear rehabilitation their escape in March 2017, when they were 16 months
techniques by reading the literature (Beecham 2006; old, the bears appeared to weigh over 50kg.
Beecham et al. 2016) and consulting with experienced At the time of escape, the bears appeared healthy,
rehabilitators. with thick glossy pelage, and a blocky appearance, full-
We set the following protocol to minimize human  bodied over all bony areas, with some fat over the rump
contact.  Five people interacted with the bears and shoulders (Image 2). These physical characteristics
throughout the project: three rangers and the first two  correspond to a body condition score of 4 (out of 5) in
authors. The bear enclosure was surrounded by black  the index used to assess the physical suitability of bears
netting to minimize the bears’ view of the caretakers as  for release (Lintzenich et al. 2006); this score exceeded
they approached (Beecham et al. 2016). Talking to the the level deemed suitable for release (Beecham et al.
bears or playing with them was not allowed. Food was 2016).
funneled down a tube from outside the cage, behind the We walked the bears 14 times in the 11 months
black netting. (April 2016 to March 2017) before escape (Table 1).
We began walking the bears after two months in  During walks the bears instinctively fed on foods such
captivity, when they were about 7 months old (June as termites, beetle larva, and fruits of Ficus benjamina,
2016; Table 1). Two to four people walked the bears Cassia fistula, and Dillenia indica. They also fed on
each time. We used a whistle to communicate with  foods not previously documented in the species’ diet
the bears, avoiding vocal communication. We carried in southeastern Asia: bamboo shoots, stems and leaves
bamboo poles to repel attempts by the bears to interact  of wild ginger Zingiber sp., aroids (Araceae), the herb
with us, prodding them away to prevent physical contact.  Costus sp., and tree seedlings of Spondias sp.
We led the bears to food sources as available, including The bears became increasingly wary and independent
fruiting trees, termite and bee nests, and rotten logs over time (Table 1). In the first 3—4 four months, the
(which hold insects). We made qualitative observations  bears eagerly approached us when we came near their
of their behavior inside their enclosure, and outside the  enclosure and initiated repeated contacts with us (> 2
enclosure during walks, noting their level of caution and  per walk) during walks, particularly attempts to smell
wariness towards us, and whether their predominant  or play with our legs. But in the later months, they
activity was playing, foraging, or other (Table 1). During  appeared cautious when we approached the enclosure,
the walks, we also documented the food items they ate  and they became increasingly independent of us during
(Image 1). walks, exploring under their own direction and initiating
We planned to radio-collar and release the bears in  fewer contacts (0 or 1 per walk). Their focus of attention
April 2017, which coincided with the start of the annual  during walks also shifted during this time. In the initial
high-fruit season in this habitat (Steinmetz et al. 2013);  four months, the bears spent most of their non-resting
however, the bears escaped on 14 March 2017, before  time playing with each other, both inside and outside
we could collar them. the enclosure. By the 5" month of the rehab process
(when the cubs aged nine months), however, their main
interest during walks had switched to foraging, with
RESULTS bouts of play now intermittent (Table 1).
The bears repeatedly escaped from their enclosure
During the first three months of rehabilitation after three months (July; Table 1), by clawing through
the bears consumed up to 3,500g of food per day in  the chain-link fence. After escapes, food was provided
captivity, averaging approximately 29% of their body as usual inside the enclosure, and the bears entered for
mass daily. During the six months that they were fed meals. After each escape, they slept in nearby trees
milk, average daily consumption was estimated at 20%  (within 30m of the enclosure) until we repaired the
of body weight. And over the course of the entire  enclosure and got them back inside. We continued to
rehabilitation, average food consumption was estimated  walk them after escapes, calling them down from their
at 14% of body weight per day. The bears also foraged tree with a whistle to follow us. After the first two
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Table 1. Behavior of two Asiatic Black Bear cubs during rehabilitation from April 2016 to March 2017, as observed inside and outside their

enclosure. Behavior outside was observed during walks and whenever they escaped from the enclosure.

Estimated
bear age Number of
Month (months) walks Behavior outside enclosure Behavior inside enclosure
Apr 2016 5 0 n/a Cubs approached caretakers eagerly.
May 6 0 n/a Cubs approached caretakers eagerly.
Predominant behavior is playing with each other (chasing, mock
fighti limbing t . f fi ing.
Jun 7 1 Fgllovr:/g;l;tlfr:::::ggh ;sreess)t.Some amount of foraging Cubs approached caretakers eagerly.
Cubs made frequent attempts to interact with us.
Escape from first enclosure.
Began sleeping on trees outside the enclosure; descend for
feeding and walks.
During walks, bear cubs spent more time playing with each Cubs still approach caretakers
Jul 8 10 other. Limited foraging. eagerly. Soon moved into larger
More independent than previous month- stayed further away enclosure.
from us and began exploring the forests on their own (we
follow them).
Made fewer attempts to interact with us.
Escape from second enclosure
Sleep in nearby trees as before; descend for feedings and walks
- . Approach caretaker, but more
Aug 9 2 On walks, bears show little interest in us cautiously than before
Predominant behavior on walks has switched, from mostly play v !
to mostly foraging. Frequently taste various plants.
Sep 10 0 Enclosure repaired; bears back inside. The CUb% still approached caretaker,
but cautiously.
Oct 1 1 Escaped again. Using the nearby trees for sleeping. Would n/a
descend for daily feedings, but wait for caretakers to leave first.
Bears forage on their own all day, returning to sleep in trees
near enclosure at night.
We rarely saw the bears now; but they still come for meals
inside enclosure (food disappears).
N 12
ov 0 Bears begin to spend nights away from enclosure, including a n/a
4-day period of complete absence (during which they did not
come for meals).
Bears raid ranger station kitchen for two consecutive 2 nights.
Cubs no longer approach the
. . A caretakers. Would move in the
Dec 13 0 Enclosure repaired and bears enticed back in with food. .
opposite direction when caretakers
arrive.
Cubs no longer approach the
Jan 2017 14 0 n/a careta.kers.'WOl'JId move in the
opposite direction when caretakers
arrive.
Cubs no longer approach the
caretakers. Would move in the
Feb 15 0 . . .
€ n/a opposite direction when caretakers
arrive.
Mar 16 0 Bears escape for final time, never to return again. n/a

escapes (July, August), they spent most of their time
(both day and night) in the nearby trees, descending
mainly for meals and walks. In subsequent months, they
foraged and explored on their own after escapes, but still
returned to their regular sleeping trees in the evening.
In month 8 (November) they began to occasionally sleep
away from the enclosure altogether after escapes (not
returning to their sleeping trees next to the enclosure),
and declined to enter the enclosure for food for the first
time. On one occasion, in the 8" month of acclimation,
the bears raided the park ranger’s station kitchen on two
consecutive nights. Bear spray had little effect: the bears
would retreat but return a short time later (American

Black Bears have shown similar responses to bear spray
(Herrero & Higgins 1998); however, no further raids
occurred after this.

The bears went missing on 14 March 2017 before
the radio-collars were ready. They were 16 months old.
They broke through the enclosure and did not return.
They were seen together 10 weeks later by a park ranger
patrol, 1.5 km from the enclosure, feeding in the canopy
of a fruiting tree. They descended the tree and ran away,
a positive indication that they were not habituated and
had acquired fear of people. They appeared healthy and
were apparently sustaining themselves foraging in the
wild. Despite their freedom and proximity to the ranger
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Table 2. Key factors associated with successful bear releases, from Beecham (2006), and the degree to which they were achieved (subjectively
ranked as high, medium, or low) in the rehabilitation and release of orphaned Asiatic Black Bears in Mae Wong National Park, Thailand,
2016-2017.

Key Factor Level of achievement

Medium-High. Five people had primary contact with the bears during their captivity, whereas 1-2 people
1. Minimize frequency of contact and number of | might have been ideal. After weaning, however, only two people regularly interacted with the bears (for
caretakers, particularly after weaning feeding). Also, we implemented remote feeding techniques to minimize time at the enclosure during
feeding.

2. Provide opportunity for cubs to socialize with

High. W f h ir of —this i ial f: i ing habituation.
other bears while in captivity igl e were fortunate to have a pair of cubs—this is a crucial factor in preventing habituation

Medium-High. Our bears were released at about 16 months old, which is slightly earlier than they would
naturally leave their mother in the wild. Bear releases have been successful with bears much younger,
however, and our bears were large for their age, which aids survival prospects.

3. Release bears close to age when family break-
up occurs in wild

High. The release occurred in deciduous forest with bamboo. This habitat provides moderately abundant

4. Rel i lity habi
elease bears in good quality habitat food, including fruit trees, bamboo, gingers, and insects.

5. Time release to coincide with availability of

natural foods High. The peak fruiting season began in April, soon after the bears were released.

6. Release bears when chance of encountering High. The release site is remote from villages. Occasional hikers pass through, but not until November, giving
people is low the bears eight months of immersion in the wild before possibly encountering people.

et al. 2002). Similar fast growth rates were observed for
Brown Bears U. arctos and American Black Bears that
were fed supplemental food (Rausch 1961; Huber et al.
1993; Komnenou et al. 2016).

Although orphan bear cubs can be released as early
as 5 months old and survive, larger bears tend to have
higher post-release survival rates and fewer conflicts with
people (Beecham et al. 2015). An Asiatic Black Bear cub in
Lao, which was rehabilitated using an assisted soft-release
approach, was killed by a predator (possibly another bear)

Figure 2. Weight gain of two Asiatic Black Bear cubs rehabilitated in just weeks after release; its small size (< 30kg) might have

Thailand, 2016-2017. Points are averages of estimated weights of ~ endered it particularly vulnerable to attack (Scotson &

the two cubs. Estimates were not made in some months so there are Hunt 2008). Our goal was thus to release heavy bears

missing points. that could defend themselves, but we wanted to achieve
this growth rapidly so bears could be released sooner and
spend less time with humans, thereby minimizing the

station, the bears never raided the kitchen again. possibility of long-term habituation. Our effort appeared
to have successfully balanced these goals.

DISCUSSION Cub behavior and adaptation
Minimizing human contact is a critical determinant
Cub growth of successful bear releases. Bears that interact with too

Despite uncertainty in the visually-estimated weights  many people, or have too much human contact at the
of the bears, it was clear that the bears grew rapidly due  wrong time (after weaning), are more likely to become
to our feeding regimen. This was despite being fed cow’s  habituated to people, leading to conflict after release as
milk, which has substantially lower fat and protein, and  they seek human food (Beecham 2006). Our bears began
higher carbohydrate content, than bear’s milk (Oftedal  showing signs of wariness and independence after three
& Gittleman 1989). Between the ages of 3 and 13  months, and after seven months (at the age of 12 months),
months, the bears gained an estimated 157g/day on  began to spend nights entirely outside the enclosure,
average (Fig. 2), two times faster than the growth rate of = foregoing their supplemental food. The timing of these
wild American Black Bear U. americanus cubs (77g/day;  behavioral changes corresponded to other assisted soft
Oftedal & Gittleman 1989). As a result, our cubs were  releases in Asia. In Lao, Asiatic Black Bear cubs showed
roughly twice as heavy as wild bears would generally be  wariness towards caretakers within four months of the
at an equivalent age (e.g., Noyce & Garshelis 1998; Clark  rehabilitation process (Scotson & Hunt 2008). In India,
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Image 1. Walking with two Asiatic Black Bear cubs during an assisted
soft release in Thailand, 2016. The main purpose of walking with the

bears is to prepare them for release to the wild. Walking with bears Image 2. Photo (January 2017) showing the healthy condition of two
also affords the unique opportunity to observe bears in their natural rehabilitated Asiatic Black Bears before final escape. The bears were
habitat at close range, allowing researchers to obtain behavioral about 14 months old in this photo. They were large for their age, with
and ecological information that is not accessible otherwise. Here,  thick glossy pelage and full-bodied over all bony areas, indicating
caretakers observe foods the bears eat. good body condition suitable for release.

cubs became reluctant to enter their enclosure after effect on the development of traits that cubs need to
seven months of rehab (age 13—14 months) (Ashraf et al.  adaptto life in the wild after release (IFAW 2007; Beecham
2008). And in Indonesia, Sun Bears refused to enter their et al. 2015). Assisted soft-release projects should strive to
enclosure after six months, choosing to live on theirownin  have no more than 2-3 people interacting with the bears
the forest but returning for food occasionally (Fredriksson  throughout the process (references above). Our project
2001). Inretrospect, we believe our bears were physically  exceeded this, with five people interacting with the bears
and behaviorally ready for release in month 8 of rehab  over time, due to changes in ranger staff at the rehab
(November 2016; they were about 45kg) but we kept site. The fact that we had two bear cubs which could
them longer because natural food availability at that time  socialize with each other might have mitigated potential
of year was low (Steinmetz et al. 2013). habituation problems arising from interacting with too
Caretakers in other assisted soft release projects many people. We recommend that number of caretakers
typically walked their bears every day (Fredriksson 2001;  be minimized as much as possible.
Ashraf et al. 2008; Scotson & Hunt 2008). Our walking Socialization with other bears is a key factor underlying
schedule was much less intensive, yet bears exhibited successful bear rehabilitation and release projects
similar behavioral trends towards independence, (Beecham 2006). A major asset in our project was having
separation, and wariness. Although our ‘official’ walks  two bears of the same age to raise together. This allowed
were more sporadic compared to other projects, the the bears constant opportunities for social interactions
bears’ frequent escapes allowed them to explore the  with each other, reducing attachment to caretakers at
forest on their own, which may have served a similar  all stages of development (Beecham et al. 2016). A
function as walks (but without protection afforded by single cub might require more time in captivity to allow
the caretakers). Even including escapes, the bears spent  separation from caretaker to develop (Beecham 2006),
more than two-thirds of their days completely inside  although a single Asiatic Black Bear cub rehabilitated in
the enclosure, far more than in other projects; thus, our  Lao (Scotson & Hunt 2008) exhibited signs of separation
project is a combination of soft release by acclimation  ata pace similar to our two cubs.
at the release site and soft release by walking with the During walks we observed the bears feeding on food
bears. Thus, it appeared that assisted soft releases canbe  items that were not documented in the literature on food
successful with less intensive walking schedules than have  habits of Asiatic Black Bear in the region (Steinmetz et
been used previously. As long as cubs’ habituation to  al. 2013). The new foods observed were all herbaceous
humans declines over time (by minimizing contact), minor  items, which are difficult to document without direct
differences in rehabilitation methods appear to have little  observation of feeding, because they do not leave
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Abstract: Monitoring the status of the Critically Endangered Sumatran Tiger Panthera tigris sumatrae is a key component for assessing the
effectiveness of conservation interventions, and thus informing and adapting strategic planning for the remaining 600 Sumatran Tigers on
the island. The Berbak-Sembilang National Park is an integral part of the priority Berbak-Sembilang Tiger Conservation Landscape, in a
unique habitat of mixed peat and freshwater swamp in eastern Sumatra. Our camera trap survey covered both the Berbak and Sembilang
Tiger Core Areas (BTCA, STCA) over a period of 10 years, with surveys undertaken in 2010, 2015, 2018-2019. The most recent population
density estimates (BTCA 1.33 adults/100 km?, 95% CI 0.82—1.91 with 19 adults; and STCA 0.56 adults/100 km?, 95% CI 0.45-0.89 with
five adults) confirmed a small but stable population. A landscape level management approach is a priority for tiger population recovery,
consolidating ground-based protection and establishing a well-maintained fire management system with reforestation of affected areas
along with multi-stakeholder engagement and partnerships. The study also recommends extending the BTCA to include the primary
swamp forest in the north of the national park, based on evidence from camera trap surveys.
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Status of Sumatran Tiger in Berbak-Sembilang landscape

INTRODUCTION

Among the six extant subspecies of tigers, the
Sumatran Tiger Panthera tigris sumatrae survives in
isolated populations across 27 forest patches in Sumatra
(Figure 1, combined forest area ~140,226 km?) (Wibisono
& Pusparini 2010). It is listed as Critically Endangered
on the IUCN Red List (Linkie et al. 2008), threatened by:
1) habitat loss and fragmentation, largely the result of
regular forest fires and land clearance for agricultural
use; 2) poaching, encouraged by the illegal wildlife trade
and international illegal wildlife trade; and 3) human-
tiger interaction (Nyhus et al. 2004; Ng & Nemora
2007; Linkie et al. 2008; Kartika 2017). To conserve
the subspecies, six of the existing 12 tiger conservation
landscapes (TCLs) in Sumatra have been designated as
priority tiger landscapes in the National Tiger Recovery
Plan, including the Berbak-Sembilang TCL (GTI 2012), the
focus of the current study (forest patch number 26 in
Figure 1).

The Berbak-Sembilang TCL comprises Berbak-
Sembilang National Park (BSNP, 3,442km?), Air Hitam
Peatland Protected Forest (187km?), Orang Kayo Hitam
Forest Park (181km?), timber concessions (622km3),
acacia plantation concessions (517km?), and oil
palm plantations (106km?) (KLHK 2020). With over
3,800km? of wetland forest (Wibisono & Pusparini
2010), the landscape is a combination of mixed peat
swamp, freshwater forest (Giesen 2004; GTI 2012)
and mangrove forest (Silvius et al. 2018a). It is also an
important carbon sink (GTI 2012), but it is experiencing
deforestation caused by logging and human-caused fires
(Giesen 2004).

Since 2007, a tiger conservation programme has
been operational in Berbak-Sembilang TCL to monitor
and protect the tiger population and its habitat.
The adaptive patrol management system, SMART
(Spatial Monitoring and Reporting Tool, https://
smartconservationtools.org), has been implemented by
BSNP since 2014, led by the Tiger Patrol and Protection
Units (TPPUs), to tackle tiger poaching and habitat
destruction. A Wildlife Conflict Response Team (WCRT)
has been operational since 2011 and a Wildlife Crime
Investigation Unit (WCIU) since 2015, combating the
illegal wildlife trade, mitigating human-wildlife conflict
and combating the illegal wildlife trade. Establishing
and conserving a viable tiger population requires long
term monitoring of tigers, co-predators, prey and
their habitats to evaluate a conservation programme’s
effectiveness and inform management decision-making
(Jhala et al. 2009; Goodrich et al. 2013). The objective of
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the study was to assess the status of the Sumatran Tiger
in the Berbak-Sembilang TCL, as part of implementation
of a tiger conservation strategy.

MATERIALS AND METHODS

Study area

The study was conducted in Berbak Tiger Core Area
(BTCA, area 657km?) and Sembilang Tiger Core Area
(STCA, area 695km?) within BSNP, located on the east
coast of Sumatra island, Indonesia (1.08°—-2.45°S and
103.80°—-104.90°E). Berbak Tiger Core Area mainly
consists of freshwater swamp forest and peat swamp
forest. The topography is flat with elevation less than
15m (Giesen 2004). Sembilang Tiger Core Area contains
the largest area of mangrove forest in the Indo-Malayan
region (Silvius et al. 2018a). It is made up of peatland
and mangrove forest in the east and peat swamp forest
in the west. Both core areas come together in the small
blackwater Benuh River*, and in a large peat dome in
the west that forms the upper catchment of the Benuh
River. Annual rainfall is c. 2,466mm with lowest and
highest records of 933mm and 3,972mm, respectively
(Silvius et al. 2018a).

Tiger prey species in Berbak-Sembilang TCL include
Wild Boar Sus scrofa, Bearded Pig Sus barbatus,
Southern Red Muntjac Muntiacus muntjak, Sambar Deer
Rusa unicolor and two sympatric species of chevrotain:
Greater Oriental Chevrotain Tragulus napu and Lesser
Oriental Chevrotain Tragulus kanchil. The other felid
species in the study area include Sunda Clouded Leopard
Neofelis diardi, Marbled Cat Pardofelis marmorata,
Leopard Cat Prionailurus bengalensis, and Flat-headed
Cat Prionailurus planiceps (BSNP & ZSL 2018).

Field methods

Tiger population densities were estimated using
standardized camera trapping procedures based
on capture-recapture method (Karanth & Nichols
2002). Surveys were conducted in BTCA between 31
January 2018-22 August 2018, 14 February 2015-8
April 2016, and 23 June 2010-2 February 2011; and in
STCA between 1 January-1 July 2019 and 5 September
2018-21 December 2018. A nine km? grid system was
used, and paired camera traps (1 pair of camera traps=
1 camera trap station) were deployed in accessible tiger

* A blackwater river is a river with a slow-moving channel flowing
through forested swamps or wetlands, whose water is tannin-stained,
in this case from the peat.
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habitat (Figure 2). Average Sumatran Tiger home range
is estimated at 50-70 km? for adult female and 110km?
for adult male (Franklin et al. 1999). Camera traps were
placed along animal trails to maximise tiger detection
(Sunarto et al. 2013). Camera traps were attached to
trees and positioned approximately 40cm above ground
with each of the paired camera traps about 7m apart and
pointing towards each other, in order to capture both
flanks of a tiger to facilitate individual identification. In
total, 125 camera trap stations were placed in BTCA and
146 camera trap stations in STCA over the five surveys
(Table 1). DLC Covert Il, Panthera V4, and Reconyx
Hyperfire HC500 digital cameras were used, programmed
to take three photographs per trigger with no delay. All
camera traps used white flash to obtain colour images at
night to aid in individual tiger identification.

Data analysis

The metadata (i.e.,, image name, date and time)
associated with all images were extracted with Exiv2
software (Huggel 2012) and compiled in an Excel
spreadsheet (Microsoft Office Professional Plus 2010).
Information on identified species was then added for all
images obtained. Individual tigers were identified based
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Figure 1. Distribution of the Sumatran
Tiger: 33 of 38 forest patches have
been assessed (figure from Wibisono &
Pusparini 2010). Berbak-Sembilang TCL
the focus in the current study is in forest
patch 26.

on their unique stripe patterns and gender determined
by secondary sexual traits.

Tiger population densities were estimated using
the Bayesian Spatial Capture Recapture (SCR) method.
A 90-day data subset for each survey was used for the
analysis to avoid violation of the population closure
assumption. Three data input files were created: a
camera trap station activity file specifying camera trap
station location and operation by 24-hour day; a tiger
capture history file specifying capture events as a single
detection of an individual tiger at a camera trap station
in each 24-hour period; and a binary habitat mask file.
The analysis was carried out in the program JAGS (Just
Another Gibbs Sampler) accessed through the program
R, version 3.6.0 (R Development Core Team 2019) using
the package RJAGS (http://mcmc-jags.sourceforge.net).
In data augmentation, M was set to 80 — larger than
the largest possible population size (i.e., the number
of activity centres). The centroid of capture locations
of individual animals caught were used as the starting
values for activity centres. Three MCMC (Markov Chain
Monte Carlo) chains with 60,000 iterations, a burn-in of
1000, and a thinning rate of 10 were implemented. This
combination of values ensured an adequate number of
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Figure 2. Location of camera trap stations in Berbak-Sembilang National Park (2018-2019), Sumatra. Berbak and Sembilang Tiger Core Areas
are in red and purple outlines respectively.

Table 1. Camera trap sampling effort, number of tiger detections and number of individual adult tigers captured (sub-period of 90 days was
used for the analysis - see methods).

Trap-nights Number of tiger Number of adult Number of adult
Survey (number of camera independent Number of adult female tigers male tigers

Area year trap stations) photo-captures tigers captured captured captured

2018 2,885 (50) 63 10 5 5
Berbak Tiger Core 2015 3,731 (48) 31 6 4 2
Area

2010 1,152 (27) 16 6 2 4
Sembilang Tiger 2019 6,570 (73) 11 4 2 2
Core Area 2018 5,934 (73) 13 4 1 3
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iterations to characterise the posterior distributions.
Chain convergence was checked using the Gelman-Rubin
statistic (Gelman et al. 2004), R-hat, which compares
between and within chain variation. R-hat values below
1.1 indicate convergence (Gelman & Hill 2006). The
approach of Royle et al. (2014) was used for the model
goodness-of-fit test, calculating three statistics, all using
Freeman-Tukey discrepancies: individual animal by
camera trap station capture frequencies, aggregating
the binary daily capture data by animals and camera
trap stations; individual animal capture frequencies,
aggregating for each animal; camera trap station animal
capture frequencies, aggregating for each camera trap
station.

For tiger prey species, trap rate for each species
was calculated as the mean number of independent
photographic ‘events’ per trap day x 100. An ‘event’ was
defined as any sequence for a given species occurring
after an interval of >60 min from the previous three-
image sequence of that species (Amin et al. 2015).

RESULTS

Survey effort ranged from 1,152 trap nights (BTCA
2010 survey with 27 camera trap stations) to 6,570
trap nights (STCA 2019 survey with 73 camera trap
stations; Table 1). The number of adult tigers captured
at a study site ranged from 4 to 10 individuals (Table 1).
One individual was captured in both BTCA and STCA in
different years.

Given the small sample size, it was not possible to
model differences in space use and movement range
between the sexes. The STCA 2018 survey had only
one individual tiger captured at more than one location
and therefore it was not analysed. The Bayesian p0~1.
sigma~1 model R-hat values for all estimated parameters
were below 1.01 and fitted well to the data (P=0.3-0.5
for all three statistics). Berbak Tiger Core Area had a
higher density of tigers (1.33 individuals/100km?, 95% ClI
0.82-1.91 in 2018) than STCA (0.56 individuals/100km?,
95% Cl 0.45-0.89 in 2019). The BTCA tiger population
also showed a stable trend between the study years
(Table 2, 2.78% per year, SE 1.18).

The most recent BTCA (2018) and STCA (2019) tiger
population density maps, derived from the model, are
not presented due to data sensitivity?. Several tigers
were caught in 1-2 locations close to the northern
periphery of BTCA, and the western and southeastern
edge of the STCA, so there was greater uncertainty in
their activity centres (Figure 3).

Ariyanto et al.

Our study provided evidence of breeding, with two
adult females each with two cubs photographed in STCA
(2018-2019), and one adult female with her two cubs
in BTCA (2018) (Image 1). The surveys also indicated
relatively good population of medium-to-large-bodied
prey species, including Lesser Oriental Chevrotain, Wild
Pig, and Bearded Pig in BTCA and STCA (Table 3).

DISCUSSION

Our study has shown that the tiger population within
BSNP is small, and has remained stable over the past ten
years despite facing significant threats (Giesen 2004).
The estimated tiger density for BTCA was similar to those
recorded in the mangrove habitat of the Sundarban
landscape (1.08—-4.79 tigers/100km?, Jhala et al. 2016),
while the estimated density of tigers in STCA was
lower. Although we were unable to measure the scale
of hunting or poaching in BSNP, patrol data between
2015-2019 show that snares were reported at a rate of
0.89 traps/100 km (BSNP 2020). A recent study on the
spatio-temporal distribution of human-tiger interaction
in Sumatra classified the relative distribution of conflict
cases in the Berbak-Sembilang TCL as low to moderate
(Kartika 2017). Furthermore, within the last five years,
there has only been a single record of human-caused
tiger mortality in the landscape (Zoological Society of
London 2020). Evidence of tiger breeding also suggests
a relatively healthy prey population to support lactating
tigress.

Enhancing tiger recovery in the Berbak-Sembilang
landscape

Within the forests and peatlands of Berbak Sembilang
TCL, habitat loss, mainly by human-caused forest fires,
is the current main threat (Abood et al. 2015). In just
eight years between 2000 and 2018, there were 12,084
fire hotspots in BSNP (80% confidence level) occurring
in both dry and wet seasons (Mora et al. 2019). Across
the landscape, forest fires are changing the structure of
the peat swamp forest (Wetland International-Indonesia
Programme 2002), with large areas of closed canopy-tall
trees with undergrowth being replaced by a mosaic of
open patches of grasses and shrubs (Giesen 2004). The
average rate of annual forest loss for the period 2010—
2040 has been predicted to be 1.1-1.6 % (Elz et al. 2015).

Maintaining forest integrity is critical for the survival
of tigers (Wibisono et al. 2011), and this requires
increased protection from illegal logging and forest
clearance. A comprehensive fire management plan
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Table 2. Estimates of Bayesian spatial capture recapture model outputs. Sigma is the ranging scale parameter.

Ariyanto et al.

Area Survey year Tlg(;;;:ezls)lty T;E:;;::;-‘(';;;mé:;e zleg:;ita: ;J;ts‘;:i'; Sigm?k(:IS)% cn POP(;IS‘;‘E)S&Q
per 100km? per 100km? per 100km?
2018 1.33(0.82-1.91) 0.66 (0.34-1.02) 0.66 (0.34-1.02) 4.16 (3.27-5.14) 19 (11-27)
2::3'( Tiger Core 2015 1.09 (0.48-1.78) 0.70 (0.27-1.23) 0.39 (0.14-0.82) 3.02(2.22-3.97) 16 (7-26)
2010 1.36(0.54-2.35) 0.49 (0.18-0.99) 0.87 (0.36-1.63) 3.82 (2.24-5.82) 15 (6-26)
zigbﬂf:ag Tiger 2019 0.56 (0.45-0.89) 0.28 (0.22-0.45) 0.28 (0.22-0.45) 4.59 (2.67-6.97) 5 (4-8)

Table 3. Tiger prey species trap rates for Berbak Tiger Conservation Area and Sembilang Tiger Conservation Area. The trap rate was calculated
as the number of independent photographic events per 100 trap days. We defined a camera trap ‘independent photographic event’ as any
sequence of photographs of the species occurring after an interval of >60 minutes from the previous photograph of the species (Amin et al.

2015).
Species BTCA 2010 BTCA 2015 BTCA 2018 STCA 2018 STCA 2019
Wild Boar Sus scrofa 0.66 0.79 1.81 6.07 5.80
Bearded Pig Sus barbatus 0.03 0.20 15.71 6.89 10.59
Sambar Deer Rusa unicolor - - 0.10 0.67 0.49
Muntjac Deer Muntiacus muntjak - - - 0.16 0.01
Greater Oriental Chevrotain Tragulus napu 4.33 0.35 9.81 0.74 0.35
Lesser Oriental Chevrotain Tragulus kanchil - 0.19 13.62 5.56 4.17
Long-tailed Macaque Macaca fascicularis 0.46 0.06 0.76 2.23 2.06
Pig-tailed Macaque Macaca nemestrina 2.14 0.83 4.19 3.37 2.36

Animal ID 3, sex male

Animal ID 1, sex male

Figure 3. Activity centre posterior distributions (black dots); capture locations (yellow circles); and camera trap station locations (red cross) for
an adult tiger caught in multiple locations (left) and an adult tiger caught in a single location close to the edge of the camera trap grid (right),

Berbak Tiger Core Area (2018).
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Image 1. Top: Tigress and her two cubs captured on camera trap
in Sembilang Tiger Conservation Area in October 2018. Bottom:
Another tigress and her two cubs captured in February 2019. Images
of another tigress with two cubs in Berbak Tiger Conservation Area
were also captured.

should also be created and implemented, based on
suitable technologies such as remote sensing and
appropriate levels of SMART patrolling in this physically
challenging environment. A reforestation programme
with replanting of indigenous trees needs to be urgently
undertaken in the affected areas. The BTCA should be
extended to include the primary swamp forest north of
the area, following camera trap surveys. The delineation
of the existing tiger core area was based on tiger
occurrence detected by camera trap and sign surveys
(Wibisono et al. 2011; Goodrich et al. 2013). A massive
forest fire in 2015, however, has significantly altered
forest cover in the core area, and our study revealed
activity centres of several tigers lying north of the core
area (Fig. 3).

Suitable habitat for tigers also needs to be expanded,
increasing the chances for establishing a long-term
viable tiger population. A landscape-based approach to
the management of the area is being implemented by
the Indonesia Government, combining the previously
separate Berbak National Park and Sembilang National

Ariyanto et al.

Park into a single national park (BSNP) under the
management of a single authority (via MoEF decree
No. P.07/2016). The peatlands of Sembilang remain
contiguous with those of Berbak, and together they
provide habitat for tigers in this unique ecosystem
(Silvius et al. 2018a). As a next step, it should be a
priority that government owned lands adjacent to the
national park are protected, and incompatible land-uses
prohibited (Silvius et al. 2018b). Ultimately, concession
areas will need to be integrated into tiger managed
habitats and habitat connectivity re-established if tigers
and other threatened wildlife are to have a future in this
unique landscape.
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Abstract: Islands are generally rich in marine biodiversity, but it also often hides unique and endemic terrestrial wildlife. The data of
terrestrial wildlife in Malaysian islands are still severely lacking, notably from small islands. Hence, this study was conducted to survey
and update the small mammal diversity (bats and non-volant small mammals) in Pulau Perhentian Kecil, a tourist destination famous
for its magnificent, diverse marine life and white sandy beaches. Despite their touristic popularity, very few information is known about
the faunal diversity in this island compare to their more massive neighbouring island, Pulau Perhentian Besar. The survey was carried
out from 21 to 30 May 2014 recorded 56 individuals encompasses eight species of bats and five species of non-volant small mammals
that were captured using mist nets, harp traps, and cage traps. The survey recorded 10 new species locality records for the island in
which, five species were never recorded in Pulau Perhentian Besar. Hipposideros dyacorum, Tylonycteris fulvida, T. malayana, Rattus
exulans, and Sundamys annandalei are also new distribution records for the Malaysian East Coast islands highlighting the importance of
protecting island biodiversity. Nonetheless, it is hoped that this study not only highlights the species diversity on the island but also serve
as a data for sustainable island tourism management planning, which will be crucial for the sustainable development and management of
this ecologically sensitive area.
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Small mammals in Pulau Perhentian Kecil, Malaysia

INTRODUCTION

Oceanicislands are well known to contain unique and
endemic wildlife, contributing disproportionately 15-20
% of global terrestrial species which are available in one
of the 3.5% planet’s offshore landmass (Whittaker et al.
2017). Data on island mammals (bats and non-volant
small mammals) in Malaysia are uncommon especially
for small islands like Pulau Perhentian Kecil (Roslan et
al. 2016; Jayaraj et al. 2019). Bats are found throughout
the world continents except Antarctica with the highest
diversity in equatorial territories (Taylor 2019). The wide
distribution of bats coupled with the ability of flight
allows bats to fill a plethora of niches making them the
second most diverse group of mammals with 110 bat
species documented in the Peninsular Malaysia alone
(Lim et al. 2017). On top of that, bats are often the main
native island mammals, providing seed dispersal and
pollination services with their added mobility like flying
foxes (Fujita & Turtle 1991).

Inislands where there are other small mammals, they
play ecological roles including consuming invertebrates
and plant materials alongside becoming the prominent
prey base for many predators (Pimsai et al. 2014).
Malaysian non-volant small mammal diversity reports
on islands remain limited by effort and funding simply
because island trips are costly and climatic events are
unpredictable. Past attempts have provided benchmarks
but, due to irregular monitoring, species checklist
on islands requires updating (Rahim et al. 2016). The
data on the island mammals are not just important for
planning conservation frameworks but also assessing
introduced species and its estimated damage caused.
One of the common introduced mammal culprits are
rodents, causing harm to the natives to the point of
extinction in islands all around the world such as New
Zealand, French Polynesia, and Lord Howe Island,
Australia (Towns et al. 2006; Harper & Bunbury 2015).

Threats facing island mammals including bats are
mainly habitat loss and human disturbance (Jones et
al. 2009). These threats are due to rapid growth of the
tourism industry, which has put significant pressure on
natural resources and land use in the Perhentian Islands
(Aswani et al. 2018). In light of this lack of research on
island mammal diversity in Malaysia, we have conducted
a small mammal survey in Pulau Perhentian Kecil, the
smaller neighbour and less studied island compared to
Pulau Perhentian Besar in the state of Terengganu. This
survey was aimed to determine the species diversity
and update the mammal checklist on this island. Above
all, it is hoped that this study not only highlights the
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species diversity on the island but also serve as data for
sustainable island tourism management planning.

MATERIAL AND METHODS

Site description

The Perhentian Islands (comprising of islands like
Besar, Kecil, Serenggeh, Rawa, Tokong Kemudi, and
Susu Dara) are situated 21km seaward from mainland
Terengganu with accessibility from towns like Kuala
Besut, Merang, and Kuala Nerus. Pulau Perhentian
Kecil is approximately 524 hectares (Farhana 2018).
These islands are also well-known and popular tourism
destinations for their stunning coral reefs and beautiful
sandy beaches.

A nine-day study was conducted in Pulau Perhentian
Kecil, from 21™ till 30" May 2014. Two sampling sites
(site A and site B) located in the northern part of the
island were chosen for this study, as shown in Figure 1.
The southern part of the island was not chosen mainly
due to time constraints and the possibly uncontrolled
anthropogenic disturbance from Kampung Pasir Hantu,
a village settlement located there.

Site A (North end: 5.937°N, 102.720°E, South end:
5.922°N, 102.720°E) is a combination of primary and
secondary lowland forest while site B (North end:
5.922°N, 102.720°E, South end: 5.916°N, 102.718°E) is a
secondary forested area similar to site A but sandwiched
between Perhentian Kecil’s main tourist beaches which
are Long Beach and Coral Bay. Site B is more subjected
to anthropogenic disturbances due to the vicinity to
tourist beaches with a main trail frequently used by
tourists to travel between the two beaches and small
patches of agricultural land mainly for rubber. For both
sampling sites, the vegetation gradually changes into
typical coastal forest nearing the coast and beaches.

Small mammals sampling

Bats were captured using mist nets (mesh size:
4cm), and harp traps (4 bank, 2m? metal frame) which
were placed at suitable bat flyways whereas collapsible
cage traps baited with banana were used to capture
non-volant small mammals. Both harp traps and mist
nets were set up approximately 1m above ground and
adjusted to change based on place of trapping. Mist
nets and harp traps were checked from 19.00h to
21.00h, closed for the night and reopened and checked
from 05.00h to 07.00h in the morning. Cage traps
were set placed on a grid of 10m x 10m per trap and
checked twice daily with rebait applied for missing or
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Figure 1. The location of Perhentian Islands (Pulau Perhentian Kecil & Pulau Perhentian Besar) in Terengganu (inset) and location of sampling

sites in Pulau Perhentian Kecil: Site A and Site B.

rotten baits. Opportunistic sightings of small mammals  Table 1. Total netting and trapping effort for both sites A and B.

in the sampling sites during netting and trapping were sampling e s Time of Total per
also made whenever possible. The total netting and method collection (h) day/night
trapping effort in this study summarized in Table 1. All Mist nets 15 15 13508533%080& 30
standard body measurements (vernier caliper & metal I ; . 19.00-23.00 & .
ruler), weight (spring balance), gender and maturity 05.00-07.00

state of each captured mammal taken for record and Cage traps 150 150 10.00 & 17.00 300
identification purposes based on the identification keys Total effort 170 170 340

in species identification books (Francis 2008; Kingston
et al. 2009). Selected individuals were euthanized and

collected as voucher specimens by ethanol preservation ~ Whitney U test to compare the relative abundance

(Permit number D-01052-16-19). These were deposited  of small mammals between sites.

To enhance the

at Faculty of Earth Science, Universiti Malaysia Kelantan.  statistical analyses conducted, we used rarefaction curve
Results are presented in the form of species composition  to visualize and calculate the species richness for a given
All statistical analyses
conservation status of these mammals (IJUCN 2020; was calculated using Paleontological Statistics (PAST)

at both sites with assessments of the most recent number of individual samples.

https://www.iucnredlist.org/) and Red List of Mammals  software.
for Peninsular Malaysia Version 2.0 (Perhilitan 2017).
Lastly, we compared the results of this study with past
studies in the Perhentian Islands (Kecil and Besar) plus  RESULTS
other Malaysian east-coast islands including Pulau

Bidong, Pulau Redang, Pulau Tenggol, and Pulau Tioman. A total of 56 individuals belonging to 13 species from
six families were recorded in this survey, with site A (12
Statistical analysis species, H'=2.35) being more diverse than site B (seven

Shannon-Wiener diversity index (H’) is used to species, H'= 1.7). Bats had the highest individual count
calculate the species richness of Site A and Site B and  and species diversity compared to non-volant small
Pteropus hypomelanus was also observed

compare the diversity of both sites. We used Mann- mammals.
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to be abundant on the beaches of Pulau Perhentian
Kecil during the sampling period. Civet droppings were
also found in site B, but the species was unable to be
determined during the sampling period. Both species
is not included in our results due to insufficient capture
details.

Table 2 shows the species composition of small
mammals at both sites in this survey. The total number
of small mammals captured in Site A (n=20) was lower
than the total number of small mammals captured in
Site B (n=36). The relative abundance of small mammals
in Site A and Site B were not statistically significant
(Mann Whitney U test, U= 69, df= 24, p>0.05). The most
abundant species caught are Tupaia glis and Rhinolophus
affinis with each totaling to 12 individuals. In contrast,
Eonycteris spelaea, Hipposideros dyacorum, Tylonycteris
fulvida, Tylonycteris malayana, and Rattus exulans were
recorded as singletons. Among the species captured, E.
spelaea is listed as Near Threatened while H. dyacorum
is listed as Data Deficient in the Red List of Mammals for
Peninsular Malaysia Version 2.0. Interestingly enough, H.
dyacorum was previously listed as Endangered for
Criteria A (EN A4c) and Criteria B (EN B2ab(ii,iii) in the
Red List version 1 in 2010 (Perhilitan 2017).

When the number of individual small mammals
captured was standardized (n= 20), the rarefaction
curve showed that the expected number of species
found in Site A was higher than the expected number of
species found in Site B (Figure 2). The rarefaction curve
reinforces the relative abundance and species diversity
results from Shannon-Weiner Index from both sites.

Species Accounts
Family Tupaiidae
Tupaia glis (Diard, 1820) (Common Treeshrew)

A total of 12 individuals were captured in the island
with three at site A and nine at site B. The previous
study conducted in the Perhentian Islands (Kecil and
Besar) recorded a much higher capture at 21 and 56
respectively (Tamblyn et al. 2005). This species was
observed throughout Pulau Perhentian Besar, including
the island lowland forest, coastal forest and disturbed
areas (Turner et al. 2003). It is common throughout
Peninsular Malaysia, where individuals captured in
Tasik Bera, Ulu Gombak, Pulau Pinang and Wang
Kelian State Park (Jayaraj et al. 2013; William-Dee et al.
2019). According to Rahim et al. (2016), this species
is not disturbed by tourists walking around the trails
and beach and seen moving in their proximity. This
diurnal species is commonly found in forests and nearby
plantations as well as gardens. Their diet mainly consists
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Figure 2. The rarefaction curve for the number of small mammal spe-
cies in Site A and Site B of Pulau Perhentian Kecil.

of insects and the occasional sweet fruits (Francis 2019).
Jayaraj et al. (2015) conducted a phylogenetic analysis
on tree shrews of Peninsular Malaysia and described
three genetically distinct forms of T. glis which coincides
with the morphological analysis study from Yusoff et al.
(2015). Tupaia glis from Perhentian Kecil is provisionally
placed under T. glis morphotype two pending further
taxonomic studies.

Family Pteropodidae
Cynopterus brachyotis (Muller, 1838) (Short-nosed
Fruit Bat)

Two individuals were captured in which both were
from Site A. This speciescanbetraced backto two distinct
lineages which are Sunda lineage (C. brachyotis) and
Forest lineage (Cynopterus cf. brachyotis Forest) by using
two regression models from Jayaraj et al. (2012a). The
nominate for C. brachyotis (see Abdullah & Jayaraj 2006)
has been identified to be the form previously described
as C. cf. brachyotis Sunda (Campbell et al. 2004; Jayaraj
et al. 2004). Roslan et al. (2016) recorded 11 captures of
this species in Pulau Perhentian Besar in which seven are
C. brachyotis and three are from Cynopterus cf brachyotis
Forest. Other previous studies include three individuals
from Pulau Perhentian Kecil, four individuals from Pulau
Perhentian Besar and three individuals from Pulau Susu
Dara (Tamblyn et al. 2005) while three individuals of
C. brachyotis from Pulau Perhentian Kecil (Campbell et
al. 2004). Cynopterus brachyotis occurs in orchards,
plantations, and disturbed habitats while Cynopterus cf
brachyotis Forest can be found in primary forest. Both
C. brachyotis and C. cf brachyotis Forest has been known
to intersect one another at forest fringes like recorded
in Gunung Stong (Jayaraj et al. 2013) and even high up
at Mount Penrisen (1,000m) (Jayaraj et al. 2006). The
presence of C. cf brachyotis Forest could be attributed to
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Table 2. Small mammal species composition in site A and site B.

Family IUCN Perhilitan
Species Site A RA, (%) Site B RA, (%) Total (2020) (2017)
Tupaiidae

1 Tupaia glis 3 15.0 9 25.0 12 LC LC

Pteropodidae

2 Cynopterus brachyotis 2 10.0 0 0.0 2 LC LC

3 Eonycteris spelaea 1 5.0 0 0.0 1 LC NT

Rhinolophidae

4 Rhinolophus affinis 1 5.0 11 30.6 12 LC LC

Hipposideridae

5 Hipposideros cineraceus 4 20.0 5 13.9 9 LC LC
6 Hipposideros dyacorum 0 0.0 1 2.8 1 LC DD
7 Hipposideros larvatus 1 5.0 6 16.7 7 LC LC

Vespertilionidae

8 Tylonycteris fulvida 1 5.0 0 0.0 1 LC LC
9 Tylonycteris malayana 1 5.0 0 0.0 1 LC LC
Muridae
10 Rattus exulans 1 5.0 0 0.0 1 LC LC
11 Rattus tanezumi 1 5.0 2 5.6 3 LC LC
12 Rattus tiomanicus 2 10.0 2 5.6 4 LC LC
13 Sundamys annandalei 2 10.0 0 0.0 2 LC LC
Total individuals 20 100.0 36 100.0 56 - -
Shannon-Weiner (H’) 2.35 1.7
Total species 13 7 13 - -

RA,—Relative Abundance | LC—Least Corncern | NT—Near Threatened | DD—Data Deficient.

the island lowland forest where Dipterocarpus sp. and  and 105m above sea level respectively with the latter
Shorea sp. are dominant (Turner et al. 2003). region consist of rockier terrain (Turner et al. 2003).

Eonycteris spelaea (Dobson, 1871) (Cave Nectar Bat) Family Rhinolophidae

One individual was captured only in Site A on  Rhinolophus affinis Horsfield, 1823 (Intermediate
the island. In comparison to past studies, Roslan et Horseshoe Bat)
al. (2016) also recorded only one individual in Pulau A total of 12 individuals were captured in the
Perhentian Besar while three captures were recorded island with one at Site A and 11 at Site B. The previous
on the same island previously (Tamblyn et al. 2005).  study conducted in Pulau Perhentian Kecil, recorded
This cave-roosting species occurs in a wide variety one capture of this species (Tamblyn et al. 2005). As
of habitat including primary forest (Krau Wildlife for Pulau Perhentian Besar, the number of R. affinis
Reserve), mangroves, disturbed areas (Pulau Pinang) captured were two and seven individuals respectively
and plantations (Anwarali et al. 2008; Jayaraj et al. (Tamblyn et al. 2005; Roslan et al. 2016). A common
2016; Francis 2019; William-Dee et al. 2019). As its  bat species in Malaysia, this insectivorous bat appears
name suggests, E. spelaea is a nectarivorous bat which  in most localities sampled in Peninsular Malaysia and
feeds on nectar and pollen while pollinating a plethora it mainly roost in caves and forages in forests including
of forest tree species including economically important  dry forest, mature lowland forest and disturbed areas
ones such as durian, petai, and wild banana (Bumrungsri ~ (Naharuddin et al. 2015; Ith et al. 2016; Jayaraj et al.
et al. 2013; Stewart & Dudash 2017). E. spelaea may  2016; Lim et al. 2017; Francis 2019).
roost in rock crevices as Pulau Perhentian Kecil has a hilly
terrain with both south and northern region peaks 345m
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Family Hipposideridae
Hipposideros cineraceus Blyth, 1853 (Ashy Roundleaf
Bat)

This species is a new record for Pulau Perhentian
Kecil. A total of nine individuals were captured in the
island in which four were at site A while five were at
site B; however, there were two recorded H. cineraceus
individuals at Pulau Perhentian Besar (Roslan et al.
2016). This species roost in caves in small to moderately
sized colonies, together with other Hipposideros bats
(Kingston et al. 2009). This species has been found
roosting inside culverts; thus, it is safe to assume H.
cineraceus roost in a tunnel-like structure whether in
the hilly forest or rocky terrain in Pulau Perhentian Kecil
(Francis 2019).
Hipposideros dyacorum Thomas, 1902 (Dayak
Roundleaf Bat)

This species is a new record for the Pulau Perhentian
Kecil. One individual of this species was caught only in
Site B on the island. On aslightly larger scale, there have
been no records of H. dyacorum on Pulau Perhentian
Besar either. This species is not commonly recorded in
Peninsular Malaysia, with only eight recorded localities
in the mainland such as Wang Kelian State Park (Jayaraj
et al. 2013; Lim et al. 2017). This species roosts in a
variety of roosting sites including caves, tree hollows
and rock crevices. It mainly forages in the understory
portion of the forest (Francis 2019).

Hipposideros larvatus (Horsfield, 1823) (Intermediate
Roundleaf Bat)

This species is the third new record of Hipposiderids
for Pulau Perhentian Kecil. A total of seven individuals
were caught in both of the sampling sites on the island.
Six individuals of this species were captured in Pulau
Perhentian Besar in recent years (Roslan et al. 2016)
while 52 individuals captured in the previous survey
(Tamblyn et al. 2005). Another common bat species
throughout the nation from Wang Kelian State Park,
Perlis, to Bako National Park in Sarawak (Jayaraj et al.
2013), this species mainly roosts in large colonies inside
of caves, temples, old mines and rock crevices (Anwarali
et al. 2008; Francis 2019; William-Dee et al. 2019).
Though usually brown, this species occasionally has
bright orange fur due to the effects of cave bleaching
(Kingston et al. 2009).

Bagi et al.

Family Vespertilionidae
Tylonycteris fulvida (Blyth, 1859) (Mainland Lesser
Bamboo Bat)

This species is a new record in the Perhentian Islands
including Pulau Perhentian Besar. One individual was
captured only in Site A on the island. Formerly known as
Tylonycteris pachypus, taxonomic revalidation separates
the name as mentioned earlier to Borneo and Sumatra,
while T. fulvida restricted to mainland Southeast Asia (Tu
et al. 2017). As its common name suggests, this species
roosts in the internodes of small live bamboo stems
(Francis 2019). There are bamboo plots in the west
coast of Pulau Perhentian Kecil adjacent to the pathway
between Coral Bay and Long Beach (Tamblyn et al. 2005).
Although bamboo is the major roost for this species, it
had also been observed to roost in small rock crevices
and abandoned tree holes (Eguren & McBee 2014).

Tylonycteris malayana Chasen, 1940 (Mainland Greater
Bamboo Bat)

This species is a new record for the Perhentian
Islands including Pulau Perhentian Besar. One individual
was captured only in Site A on the island. Like its smaller
cousin, this species formerly called Tylonycteris robustula
also undergo taxonomic revalidation (Tu et al. 2017).
The distribution of . malayana is in mainland Southeast
Asia, while T. robustula confined to Borneo like in Kubah
National Park and Sumatra (Anwarali et al. 2008; Tu et
al. 2017). This species also roosts in bamboo internodes,
entering through beetle created slits in which they prefer
large dead stems (Francis 2019). The presence and
abundance of bamboos usually signal a high possibility
of this species and T. fulvida as in Gunung Stong, Gunung
Reng and Gua Musang, Kelantan due to their roosting
association with the bamboo plant (Jayaraj et al. 2012b,
2016). Both species regularly change bamboo roosting
sites, usually lasting for a short time only (Medway &
Marshall 1972).

Family Muridae
Rattus exulans (Peale, 1848) (Pacific Rat)

One individual was caught only in Site A on the
island. This species is a new confirmed record in the
Perhentian Islands (Kecil and Besar). This species is a
new confirmed record in Pulau Perhentian Kecil but may
have already been recorded by Tamblyn et al. (2005) as
the study listed three distinct Rattus spp. This species is
the smallest among the Rattus sp. but tends to be larger
on smaller islands (Francis 2019). Although this species
is known to occur in anthropogenically modified habitats
(cultivated lands, shrublands, and gardens), it can also
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be found in forest edges, swamp forest, and limestone  DISCUSSION
areas (Jayaraj et al. 2016; William-Dee et al. 2019).

Notably, the majority of the small mammals recorded
Rattus tanezumi Temminck, 1844 (Asian House Rat) in Pulau Perhentian Kecil were bats, conceivably due to

A total of three individuals were captured (one was  the rockier terrain mainly in Site A and presence of an
at Site A while two were at Site B). This speciesisanew exposed sea cave in Tanjung Kerma near both sampling
confirmed record for Pulau Perhentian Kecil; however, sites (Turner et al. 2003). While caves are the main
a total of 15 R. tanezumi individuals were captured in  roosting site for cave roosting bats, some of them also
Pulau Perhentian Besar (Rahim et al. 2016). This species  roost in rocks crevices and hollow trees like R. affinis,
has a generalized diet and is a major pest of plant crops  H. larvatus, and H. dyacorum (Ith et al. 2015; Francis
in plantations. This species spends much time on the  2019). As previously stated, Site A has a higher species
ground but can also climb well whether on trees or diversity than Site B even though Site A has lower
inside buildings (Francis 2019). Although R. tanezumiis  relative abundance (refer to Table 2). This pattern is
expected to be confined to anthropogenically modified  possibly due to Site B experiencing a higher degree of
habitats, there were previous records of this species in  human disturbance with tourist trails and small patches
rainforests and limestone areas of Borneo and Kelantan.  of agricultural land. Our study shows that this site is
This intrusion may be due to the encroachment of largely dominated by generalist mammal species which
human settlements or plantations, even small ones into  can adapt and forage in disturbed habitats such as T. glis,
the vicinity of natural habitats (Wells et al. 2006; Jayaraj  R. affinis, and Rattus tanezumi. Other similar studies
et al. 2016). reported lower species richness of small mammals when

the habitat subjected to human disturbance (Shafie et
Rattus tiomanicus (Miller, 1900) (Malaysian Wood Rat)  al. 2011; William-Dee et al. 2019).

A total of four individuals were recorded on the To get a clearer picture of the island mammal
island in which two individuals were caught in both sites  diversity in Pulau Perhentian Kecil, we have compared
respectively. This species is a new confirmed record in  our results with the past studies in the Perhentian
Pulau Perhentian Kecil. However, three individuals of Islands (Kecil and Besar) and other islands in East
R. tiomanicus were captured in Pulau Perhentian Besar  Coast Peninsular Malaysia comprising Pulau Bidong,
(Rahim et al. 2016). This species has a widespread Pulau Redang, Pulau Tioman, and Pulau Tenggol. Past
distribution on Malaysian islands like Pulau Tenggol, studies in the Perhentian Islands include Campbell et al.
Pulau Pangkor and its namesake, Pulau Tioman (Sen  (2004) and Roslan et al. (2016) for bats and Rahim et al.
1971; Pimsai et al. 2014; Jayaraj et al. 2019). This  (2016) for non-volant small mammals while Tamblyn et
nocturnal species occurs in a wide range of habitats al. (2005) and Turner et al. (2003) recorded both bats
including coastal forests, grasslands, plantations, and non-volant small mammals.

secondary forests but rarely inside houses. Just like other For Pulau Perhentian Kecil, the small mammal
Rattus spp., the diet includes a wide range of animaland  species checklist updates with 10 new locality records
plant matter (Jayaraj et al. 2016; Francis 2019). for E. spelaea, H. cineraceus, H. dyacorum, H. larvatus,

T. fulvida, T. malayana, R. exulans, R. tanezumi, R.

Sundamys annandalei Bonhote, 1903 (Annandale’s tiomanicus, and S. annandalei. In contrast, the small
Rat) mammal species checklist only increases with five
Previously assigned to the genus Rattus, this species  species (H. dyacorum, T. fulvida, T. malayana, R. exulans,
has recently undergone a taxonomic revision, placing it and S. annandalei) when including Pulau Perhentian
in the genus Sundamys (Camacho-Sanchez et al. 2017). Besar data to our study. As the distance between
Two individuals were caught only in Site A on the island.  Pulau Perhentian Besar and Pulau Perhentian Kecil is
This species is a new confirmed record in the Perhentian  roughly 1.5km (Kampung Nelayan Jetty to Perhentian
Islands (Kecil and Besar). This nocturnal species can  Besar Ferry Terminal), there is a possibility of species
be found in rubber plantations and secondary forest, interchange between these two islands. Table 3 shows
mainly on the lower levels of the tree. Contrary to its the small mammal species comparison with other
appearance, this species is not known to be a significant  islands in eastern coast Peninsular Malaysia. Incomplete
pest like other rat species (Francis 2019). species data in Tamblyn et al. (2005) and Turner et
al. (2003) like Rhinolophus affinis/R. stheno, Rattus

spp. 1 and Hipposideros sp. are not included in the
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Table 3. Small mammal species comparison with other islands in east coast Peninsular Malaysia.

Species PPK PPKp PPB PB PR PTi PTe
Erinaceidae

1 Hylomys suilus - - - - - + -
Soricidae

2 Crocidura fuliginosa - - - - + - _

3 Crocidura negligens - - - - - + -

4 Crocidura malayana - - + - - - -
Tupaiidae

5 Tupaia glis + + + - + + -

Cynocephalidae

6 Galeopterus variegatus - - + - - + R

Pteropodidae

7 Cynopterus brachyotis + + + + +(1911) + +
8 Cynopterus cf. brachyotis Forest - - + + - - -
9 Cynopterus horsfieldii - - - - - + _
10 Eonycteris spelaea* + - + - + + -
11 Pteropus hypomelanus - - + + - + -

Emballonuridae

12 Emballonura monticola - - + - +(1911) + -

13 Taphazous melanopogon - - + - + - -
Nycteridae

14 Nycteris tragata - - - - - + -
Megadermatidae

15 Megaderma spasma - + + + - + -

Rhinolophidae

16 Rhinolophus affinis + + + - +(1911) + -
17 Rhinolophus borneensis - - - - - + -
18 Rhinolophus lepidus - - + - - + -
19 Rhinolophus luctus morio - - - - - + -
20 Rhinolophus macrotis - - - - - + -
21 Rhinolophus megaphyllus - - - - - * gis;?_ -
22 Rhinolophus pusillus - - - - - + -
23 Rhinolophus stheno - - - - - + -
Hipposideridae
24 Aselliscus stoliczkanus - - - - - + R
25 Hipposideros bicolor - + + - - k:;n(:l’? ) -
26 Hipposideros cineraceus* + - + - + - -
27 Hipposideros dyacorum** + - - - - - _
28 Hipposideros larvatus* + - + - - + -
Vespertilionidae
29 Myotis muricola - - + - - - -
30 Tylonycteris fulvida** + - - - - - -
31 Tylonycteris malayana** + - - - - - -
Molossidae
32 Cheiromeles torquatus - - - - - + -
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Species PPK PPKp PPB PB PR PTi PTe
Lorisidae
33 Nycticebus coucang - - - - - + -
Cercopithecidae
34 Macaca fascicularis - - EX - + + -
35 Trachypithecus obscurus - - +
Viverridae
36 Paradoxurus hermaphroditus - - - - - + -
Tragulidae
37 Tragulus kanchil - - - - + - _
38 Tragulus napu - - - - - + R
Sciuridae
39 Callosciurus notatus - + + - + + +
40 Callosciurus nigrovittatus - - - - - + -
41 lomys horsfieldii - - - - - + _
42 Lariscus insignis - - - - - +(1962) -
43 Petaurista petaurista melanotus - - - - - + -
44 Ratufa bicolor - - - - - + -
45 Rhinosciurus laticaudatus - - - - - +1(;§3?' -
46 Sundasciurus tenuis - - - - + ¥ -
Muridae
47 Leopoldamys sabanus - - - - - + -
48 Maxomys rajah - + - - - -
49 Maxomys surifer - - + - + + -
50 Maxomys whiteheadi - - + - - - -
51 Niniventer cremoriventer - - - - - +(1962) -
52 Rattus argentiventer - + + - - - -
53 Rattus exulans** + - - - - - -
54 Rattus tanezumi* + - + - - +(1962) -
55 Rattus tiomanicus* + - + - + + +
56 Sundamys annandalei** + - - - - - -
57 Sundamys muelleri - - + - - - -
Hystricidae
58 Atherurus macrourus - - - - - + -
Total number of species 13 7 25 4 14 41 3

PPK—Pulau Perhentian Kecil (This Study) | PPKp—Pulau Perhentian Kecil past studies (Tamblyn et al. 2005; Campbell et al. 2004) | PPB—Pulau Perhentian Besar
(Roslan et al. 2016; Rahim et al. 2016; Tamblyn et al. 2005; Turner et al. 2003) | PB—Pulau Bidong (Roslan et al. 2016) | PR—Pulau Redang (MNS 1990 as cited in Turner
et al. 2003) | PTi—Pulau Tioman (Lim BL et al. 1999) | PTe—Pulau Tenggol (Sen 1971) | +—present | -—absent | EX—Extirpated | *—New record from this study in
Pulau Perhentian Kecil | **—New record in the islands of East Coast Peninsular Malaysia.

comparison table. The nearest locality of this species in the mainland is

On the other hand, H. dyacorum, T. fulvida, T. at Gunung Stong, Kelantan (Lim et al. 2014). Both T.
malayana, R. exulans, and S. annandalei are new species  fulvida and T. malayana are associated with bamboo
locality records for the East Coastislands. H. dyacorumisa  plants in which many of the localities where they have
more common species in Borneo compared in Peninsular  been found have bamboo plots including our study site
Malaysia but has been recorded on the offshore island of  in Pulau Perhentian Kecil (Medway & Marshall 1972;
Balambangan, Sabah (Benda 2010; Jayaraj et al. 2011).  Norsham et al. 1999; Sapura 2010; Chooi et al. 2014; Nur
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Shahidah 2014; Mohd-Hanif et al. 2015; Lim et al. 2016;
Morni et al. 2016).

Furthermore, the Pacific Rat, R. exulans is the most
prosperous island colonizers among rodents in which
this species is ubiquitous in East Coast Peninsular
Malaysia and East Malaysia. Due to its smaller size
in comparison with other larger rodent species, this
species would often opportunistically seek competition-
free environments even at primary forests like in Royal
Belum (Tamrin et al. 2010; Lim BL 2015). As for S.
annandalei, its known distribution mainly restricted to
West Coast Peninsular Malaysia, eastern Sumatra and
Singapore. Although usually found in the mainland, S.
annandalei can also be found in the islands of Padang
and Rupat, Riau. Currently, it is still unclear on why S.
annandalei has such a restrictive range compared
to Sundamys muelleriwhich has an extensive range across
southeastern Asia including on Sundaic islands as there
are no evident ecological barriers for S. annandalei to
expand its range (Pimsai et al. 2014; Camacho-Sanchez
et al. 2017). Therefore, the capture of this species in
Pulau Perhentian Kecil is quite surprising, possibly being
the key to answer Sundamys annandalei ecological
range puzzle. Further sampling in the future is needed
to discern whether the two individuals captured in this
study were stowaways or an established population of S.
annandalei thrived on Pulau Perhentian Kecil.

Overall, Pulau Perhentian Besar has a higher number
of species (12 for bats and 13 for small non-volant small
mammals) compared to Pulau Perhentian Kecil (10 for
bats and seven for small non-volant small mammals)
probably due to its larger size enabling support of a
broader range of niches (Kisel & Barraclough 2010).
Despite this, human economic activity may influence the
translocation of species, particularly non-volant small
mammals across these two islands (Helmus et al. 2014).
In comparison with other Malaysian east coast islands,
Pulau Tioman amassed the highest number of mammal
species at 41 which is not surprising, considering the
island is also the largest (13,360ha) and has extensive
flora and fauna surveys conducted since 1899 (Lim
et al. 1999). While Pulau Redang is bigger than both
Perhentian Islands combined at 1909ha, the lower
number of mammal species recorded in this island is
probably due to undersampling efforts, hence this island
requires an updated mammal species checklist. The
same goes to Pulau Bidong and Pulau Tenggol which has
no published small mammal diversity records.

Bagi et al.

CONCLUSION

This short study managed to record 10 new species
locality records of small mammals in Pulau Perhentian
Kecil, with five are new records for Malaysian east coast
islands indicating that there is much to research and
document on island fauna particularly on mammalian
species diversity in the future. Pulau Perhentian Kecil
is not only rich in marine biodiversity but also plentiful
in terrestrial wildlife for its small size. Therefore, it is
paramount that this area is not only protected for its
island flora and fauna but there is also a need to conduct
sustainable tourism practices in order to preserve the
beauty of these islands.

REFERENCES

Abdullah, M.T. & V.K. Jayaraj (2006). Preliminary investigation on the
relationship of the nominate C. brachyotis with the small-sized and
large-sized C. brachyotis using clustering analysis. Sarawak Museum
Journal 83: 223-236.

Anwarali, F.A.K., V.J. Swier, S. Solari, P.A. Larsen, B. Ketol, W. Marni,
S. Ellagupillay, M. Lakim, M. T. Abdullah & R.J. Baker (2008). Using
genetics and morphology to examine species boundaries of Old
World bats : Report of a recent collection from Malaysia. Occasional
Papers Museum of Texas Tech University 281. http://www.depts.ttu.
edu/nsrl/publications/occasional-papers.php.

Aswani, F.M.N., A. Shuib, S-Y. Tai, & M.N. Kusairi (2018). Indicators
of governance of marine ecotourism resources: Perception of
communities in Pulau Perhentian, Terengganu. International Journal
of Business and Society 19(S1): 17-25. http://www.ijbs.unimas.my/
index.php/content-abstract/all-issues.

Bumrungsri, S., D. Lang, C. Harrower, E. Sripaoraya, K. Kitpipit &
P.A. Racey (2013). The dawn bat, Eonycteris spelaea Dobson
(Chiroptera: Pteropodidae) feeds mainly on pollen of economically
important food plants in Thailand. Acta Chiropterologica 15(1): 95—
104. https://doi.org/10.3161/150811013x667894

Benda, P. (2010). On a small collection of bats (Chiroptera) from
western Sabah (North Borneo, East Malaysia). Vespertilio 13-14:
45-76. https://www.ceson.org/publikace_en.php.

Camacho-Sanchez, M., J.A. Leonard, Y. Fitriana, M-K. Tilak & P-H.
Fabre (2017). The generic status of Rattus annandalei (Bonhote,
1903) (Rodentia, Murinae) and its evolutionary implications. Journal
of Mammalogy 98(5): 1340-1355.  https://doi.org/10.1093/
jmammal/gyx081

Campbell, P., C.J. Schneider, A.M. Adnan, A. Zubaid & T.H. Kunz
(2004). Phylogeny and phylogeography of Old World fruit bats
in the Cynopterus brachyotis complex. Molecular Phylogenetics
and  Evolution 33(3): 764-781. https://doi.org/10.1016/j.
ympev.2004.06.019

Chooi, Y.S., Y.L. Cheong, P.E. Tan & W.H. Lau (2014). Checklist of
spiders in Fraser’s Hill Wildlife Reserve, Selangor. Malaysia. Journal
of Wildlife and Parks 27: 65-70. https://www.wildlife.gov.my/index.
php/en/penerbitan/103-jurnal

Eguren, R.E. & K. McBee (2014). Tylonycteris pachypus (Chiroptera:
Vespertilionidae). Mammalian Species 910: 33-39. https://doi.
org/10.1644/910

Francis, C. (2008). A Guide to the Mammals of Southeast Asia (1st ed.).
Princeton University Press, New York, 392pp.

Francis, C. (2019). Field Guide to the Mammals of Southeast Asia (2nd
ed.). Bloomsbury Publishing, London, 416pp.

Fujita, M.S. & M.D. Tuttle (1991). Flying Foxes (Chiroptera:

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 May 2021 | 13(6): 18427-18440


http://www.depts.ttu.edu/nsrl/publications/occasional-papers.php.
http://www.depts.ttu.edu/nsrl/publications/occasional-papers.php.
https://doi.org/10.3161/150811013x667894
https://www.ceson.org/publikace_en.php.
https://doi.org/10.1016/j.ympev.2004.06.019
https://doi.org/10.1016/j.ympev.2004.06.019
https://doi.org/10.1644/910

Small mammals in Pulau Perhentian Kecil, Malaysia

Pteropodidae): Threatened animals of key ecological and economic
importance. Conservation Biology 5(4): 455-463. https://doi.
org/10.1111/j.1523-1739.1991.tb00352.x

Harper, G.A. & N. Bunbury (2015). Invasive rats on tropical islands:

Their population biology and impacts on native species. Global
Ecology And Conservation 3: 607—627. https://doi.org/10.1016/j.
gecco.2015.02.010

Helmus, M.R., D.L. Mahler & J.B. Losos (2014). Island biogeography

of the anthropocene. Nature 513(7519): 543-546. https://doi.
org/10.1038/nature13739

Ith, S., S. Bumrungsri, N.M. Furey, P.JJ. Bates, M. Wonglapsuwan,

F.A.K. Anwarali, V.D. Thong, P. Soisook, C. Satasook & N.M.
Thomas (2015). Taxonomic implications of geographical variation
in Rhinolophus affinis (Chiroptera:Rhinolophidae) in Mainland
Southeast Asia. Zoological Studies 54(1). https://doi.org/10.1186/
s40555-015-0109-8

Bagi et al.

Jones, K.E., S.P. Mickleburgh, W. Sechrest & A.L. Walsh (2009). Global

overview of the conservation of island bats: Importance, challenges,
and opportunities, pp. 496-530. In: Fleming, T.H. & P.A. Racey
(eds). Island Bats: Evolution, Ecology, and Conservation. University
of Chicago Press.Chicago and London, 560pp.

Kingston, T., B.L. Lim. & A. Zubaid (2009). Bats of Krau Wildlife Reserve.

Penerbit Universiti Kebangsaan Malaysia. Bangi, 145pp.

Kisel, Y. & T.G. Barraclough (2010). Speciation has a spatial scale that

depends on levels of gene flow. The American Naturalist, 175(3):
316-334. https://doi.org/10.1086/650369

Lim, B.L., K.K.P. Lim & H.S. Yong (1999). The terrestrial mammals of

Pulau Tioman, Peninsular Malaysia, with a catalogue of specimens
at the Raffles Museum, National University Of Singapore. The Raffles
Bulletin of Zoology, Supplement Series(6): 101-123. https://lkcnhm.
nus.edu.sg/app/uploads/2017/06/s6rbz101-123.pdf

Lim, B.L. (2015). The house rodents and house shrew in Malaysia
and Southeast Asia. UTAR Agriculture Science Journal 1(2): 43-50.
http://uasj.journal.utar.edu.my/Archive.php.

Lim, L-S., A. Mohd-Adnan, A. Zubaid, M.J. Struebig & S.J. Rossiter

Ith, S., S. Bumrungsri, N.M. Thomas, P.JJ. Bates, D.A. Willette, F.A.K.
Anwarali, M. Wonglapsuwan, P. Soisook, I. Maryanto, J.C-C. Huang
& N.M. Furey (2016). Geographical variation of Rhinolophus affinis

(Chiroptera: Rhinolophidae) in the Sundaic subregion of Southeast
Asia, including the Malay Peninsula, Borneo and Sumatra. Acta
Chiropterologica 18(1): 141-161. https://doi.org/10.3161/150811
09acc2016.18.1.006

IUCN 2020. The IUCN Red List of Threatened Species. Version 2020-1.

https://www.iucnredlist.org

Jayaraj, V.K., C.J. Laman, & M.T. Abdullah (2004). Morphological

variation in the Genus Cynopterus of Peninsular Malaysia and
Borneo. In: Proceedings of the Regional Conference on the
Environmental and Ecological Modelling, School of Mathematical
Sciences and School of Biological Sciences, Universiti Sains Malaysia.
pp. 15-16.

Jayaraj, V.K., M. T. Abdullah, F.A.K. Anwarali & B. Ketol (2006).

Bat survey of Mount Penrisen and notes on the Rare Kerivoula
minuta, Kerivoula intermedia and Hipposideros coxi in Sarawak,
Borneo. Journal of Biological Sciences 6(4): 711-716.

Jayaraj, V.K., B. Ketol, W. Marni, I. Sait, M.J. Mortada, F.A.K. Anwarali,

F.P. Har, L.S. Hall & M. T. Abdullah (2011). Comparative distribution
and diversity of bats from selected localities In Sarawak. Borneo
Journal Of Resource Science And Technology 1(1): 1-13. https://doi.
org/10.33736/bjrst.257.2011

Jayaraj, V.K., C.J. Laman & M.T. Abdullah (2012a). A predictive model

to differentiate the fruit bats Cynopterus brachyotis and C. cf.
brachyotis Forest (Chiroptera: Pteropodidae) from Malaysia Using
multivariate analysis. Zoological Studies 51(2): 259-271. http://
zoolstud.sinica.edu.tw/

Jayaraj, V.K., N.F.D. Ahamad Tahir, N.A. Udin, N. F. Kamarul Baharin,

S.K. Ismail & S.N.A. Zakaria (2012b). Species diversity of small
mammals at Gunung Stong State Park, Kelantan, Malaysia. Journal
of Threatened Taxa 4(6): 2617—-2628. https://doi.org/10.11609/jott.
03015.2617-28

Jayaraj, V.K., S.H. Muhamad Daud, M-I. Azhar, S-A. Mohd Sah, S.I.

Mokhtar & M.T. Abdullah (2013). Diversity and conservation status
of mammals in Wang Kelian State Park, Perlis, Malaysia. Check
List 9(6): 1439. https://doi.org/10.15560/9.6.1349

Jayaraj, V.K., A.S. Othman, S-A. Mohd Sah & S.I. Mokhtar (2015).

Phylogenetic analysis of mitochondrial genes of Malaysian Tupaia
reveals composite species in Tupaia glis. Journal of Tropical
Resources and Sustainable Science 3: 197-203. https://www.jtrss.
org/index.php/volume-3-2015

Jayaraj, V.K., F.A.K. Anwarali, I. Azhar, E. WeeChen, M.R. Mohd Ali, A.

Ahmad & M. Y. Azrinaaini (2016). Diversity and conservation status
of small mammals in Kelantan, Malaysia. Songklanarikan Journal
of Science and Technology 38(2): 213-220. https://rdo.psu.ac.th/
sjstweb/back_issues.php

Jayaraj, V.K., A. Roslan, M.T. Farah Shafawati, M.Z. Mohamad

Faiz, M.A. Yusof, R. Ali & M.T. Abdullah (2019). Rodent diversity
in Pulau Pangkor underestimated due to complex taxonomic
descriptions. The Malaysian Forester 82(1): 305-310. http://
malaysianforester.my/archives_journal.php

(2014). Diversity of Malaysian insectivorous bat assemblages
revisited. Journal of Tropical Ecology 30(2): 111-121. https://doi.
org/10.1017/s0266467413000874

Lim, L-S., G. Csorba, C.M. Wong, A. Zubaid, S.P.H. Rahman,

V.K. Jayaraj, F.A.K. Anwarali, J.C-C. Huang, N. Najimudin & T.
Gorfol (2016). The systematic position of Hypsugo macrotis
(Chiroptera: Vespertilionidae) and a new record from Peninsular
Malaysia. Zootaxa 4170(1): 169-177.

Lim, V-C, R. Ramli, S. Bhassu & J-J. Wilson (2017). A checklist of

the bats of Peninsular Malaysia and progress towards a DNA
barcode reference library. PLOS ONE 12(7): e0179555. https://doi.
org/10.1371/journal.pone.0179555

Medway, L. & A.G. Marshall (1972). Roosting associations of flat-

headed bats, Tylonycteris species (Chiroptera: Vespertilionidae)
in Malaysia. Journal of Zoology 168: 463-482. https://doi.
org/10.1111/j.1469-7998.1972.tb01362.x

Mohd-Hanif, R.M.D., M.T. Nur-Aida, A.R. Zahirunisa, A.R. Mohd-

Ridwan, & M.T. Abdullah (2015). Contribution Of regenerated
forest in conservation of bats In Peninsular Malaysia. Journal of
Tropical Forest Science 27(4): 506-516.

Morni, M. A., N.F.D. Ahmad Tahir, Q.S. Rosli, J.W. Dee, I. Azhar, A.

Roslan, M.A. Zahidin, M.T. Abdullah & F. A. K. Anwarali (2016). New
record of Rhinolophus chiewkweeae (Chiroptera: Rhinolophidae)
from the east coast Of Peninsular Malaysia with new information
on their echolocation calls, genetics and their taxonomy. Raffles
Bulletin of Zoology 64: 242-249.

Naharuddin, N.M., N. Shazali, R. Libar, N.F. Karim, A.R. Mohd Ridwan

& A. Roslan, M.I. Azhar, M.Z. Khalek, F.A.K. Anwarali (2015). Bats
of Bako National Park and additional notes on the rare partial
albinism in fawn roundleaf bat (Hipposideridae: Hipposideros
cervinus). Borneo Journal of Resource Science and Technology 5(2):
44-52. https://doi.org/10.33736/bjrst.221.2015

Norsham, Y., F. Shariff, A. Norhayati, M. Nordin & Lim, B.L. (1999). Pre-

logging survey of mammal fauna at Sungai Weng sub-catchment,
Ulu Muda Forest Reserve Forest Reserve, Kedah. Journal of Wildlife
and Parks 17: 28-43. https://www.wildlife.gov.my/index.php/en/
penerbitan/103-jurnal

Nur Shahidah, M. (2014). Documentation and valuation of plant

resources used by the Orang Asli At Kampung Lubuk Ulu Legong,
Baling, Kedah. MSc Thesis. University of Malaya, 40pp.

Pimsai, U., M.J. Pearch, C. Satasook, S. Bumrungsri & P.JJ. Bates

(2014). Murine rodents (Rodentia: Murinae) of the Myanmar-Thai-
Malaysian Peninsula and Singapore: Taxonomy, distribution, ecology,
conservation status, and illustrated identification keys. Bonn
Zoological Bulletin 63(1): 15-114. https://www.zoologicalbulletin.
de/articles/bzb-2014/332-volume-63-1-july-2014

Perhilitan (2017). Red List of Mammals for Peninsular Malaysia

Version 2.0. Kuala Lumpur: Department of Wildlife and National
Parks (PERHILITAN) Peninsular Malaysia, Kuala Lumpur, 206pp.

Rahim, N.A.M,, l.A. Nur-lzzah, A.A. Zakaria, E. Pesiu, M.R. Salam, M.A.

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 May 2021 | 13(6): 1842718440 18437


https://doi.org/10.1016/j.gecco.2015.02.010
https://doi.org/10.1016/j.gecco.2015.02.010
https://doi.org/10.1186/s40555-015-0109-8
https://doi.org/10.1186/s40555-015-0109-8
https://doi.org/10.3161/15081109acc2016.18.1.006
https://doi.org/10.3161/15081109acc2016.18.1.006
http://zoolstud.sinica.edu.tw/.
http://zoolstud.sinica.edu.tw/.
https://doi.org/10.11609/jott.o3015.2617-28
https://doi.org/10.11609/jott.o3015.2617-28
https://doi.org/10.15560/9.6.1349
https://www.jtrss.org/index.php/volume-3-2015
https://www.jtrss.org/index.php/volume-3-2015
https://lkcnhm.nus.edu.sg/app/uploads/2017/06/s6rbz101-123.pdf.
https://lkcnhm.nus.edu.sg/app/uploads/2017/06/s6rbz101-123.pdf.
http://uasj.journal.utar.edu.my/Archive.php.
https://doi.org/10.1017/s0266467413000874
https://doi.org/10.1017/s0266467413000874
https://doi.org/10.1371/journal.pone.0179555
https://doi.org/10.1371/journal.pone.0179555
https://doi.org/https:/doi.org/10.33736/bjrst.221.2015
https://doi.org/10.1111/j.1469-7998.1972.tb01362.x
https://doi.org/10.1086/650369
https://doi.org/10.1111/j.1523-1739.1991.tb00352.x

Small mammals in Pulau Perhentian Kecil, Malaysia

Mamat & M.T. Abdullah (2016). Brief survey of non-volant small
mammals on Pulau Perhentian Besar, Terengganu, Malaysia. Journal
of Sustainability Science and Management Special Issue Number 1:
The International Seminar on The Straits of Malacca and the South
China Sea 19-25. http://jssm.umt.edu.my/?page_id=132

Roslan, A., G. David, I.A. Nur-lzzah, N.A.M. Rahim, E. Pesiu, Z.
Muhamad-Aidil, R. Fathihi-Hakimi, H. Hasrulzaman, K. Mohamad-
Adib, M. Nor Zalipah & M.T. Abdullah (2016). Notes of bats in Pulau
Bidong And Pulau Perhentian Besar, Terengganu, Malaysia. Journal
of Sustainability Science and Management Special Issue Number 1:
The International Seminar on The Straits of Malacca and the South
China Sea 26-35. http://jssm.umt.edu.my/?page_id=132

Sapura, M. (2010). The ethnobotany of the Semelai community at
Tasek Bera, Pahang, Malaysia: An ethnographic approach for re-
Settlement. PhD Thesis. The University of Adelaide, 188pp.

Shafie, N.J., S.A. Mohd Sah, A.L. Nurul Salmi, N.M. Azman & N.L.
Khairuddin (2011). Diversity pattern of bats at two contrasting
habitat types along Kerian River,Perak, Malaysia. Tropical Life
Sciences Research 22(2): 13-22.

Sen, Y.H. (1971). Rat from Pulau Tenggol, Terengganu. Malayan Nature
Journal 24: 87-89.

Stewart, A. & M.R. Dudash (2017). Foraging strategies of generalist
and specialist Old World nectar bats in response to temporally
variable floral resources. Biotropica 50(1): 98-105. https://doi.
org/10.1111/btp.12492

Tamblyn, A., C. Turner, R. O’Malley, N. Weaver, T. Hughes, S.
Hardingham & H. Roberts (2005). Malaysia Tropical Forest
Conservation Project Report of The Perhentian Phase 2005. Coral Cay
Conservation, London, 111pp. Retrieved from http://marinepark.
dof.gov.my/files/malaysia_tropical_forest_conservation_project_
report_of_the_perhentian_phase_2005.pdf

Tamrin, N.A.D., A.R. Mohd Ridwan, M.H.R. Mat Daud, H. Noorhaliza
& M.T. Abdullah (2010). A survey in small mammals in the Royal
Belum Park, Perak, Malaysia, pp. 27 In: Proceeding of National
Biodiversity Seminar 2008. Department of Wildlife and National
Parks (Perhilitan).

Taylor, M. (2019). Bats: An Illustrated Guide to All Species. Ivy Press,
Brighton, 400pp.

Towns, D.R., I.A.E. Atkinson & C.H. Daugherty (2006). Have the harmful
effects of introduced rats on islands been exaggerated?. Biological
Invasions 8(4): 863-891. https://doi.org/10.1007/s10530-005-
0421-z

Tu, V.T., G. Csorba, M. Ruedi, N.M. Furey, N.T. Son & V.D. Thong, C.
Bonillo & A. Hassanin (2017). Comparative phylogeography of
bamboo bats of the genus Tylonycteris (Chiroptera, Vespertilionidae)
in Southeast Asia. European Journal of Taxonomy 274: 1-38. https://
doi.org/10.5852/ejt.2017.274

Turner, C., A. Tamblyn, R. Dray, L. Maunder, C. Gibson & P. Raines
(2003). Malaysia Reefs and Islands Conservation Project 2003
Report Of The Terrestrial Pilot Phase. Coral Cay Conservation,
London, 52pp.

William-Dee, J., F.A.K. Anwarali, Q. Rosli, M.A. Morni, I. Azhar, Lim, L-S,
R.C.T.Tingga & M.R. Abdul Rahman (2019). Comparative distribution
of small mammals diversity in protected and non-protected area of
Peninsular Malaysia. Tropical Life Sciences Research 30(2): 131-147.
https://doi.org/10.21315/tIsr2019.30.2.10

Wells, K., D. Kock, M.B. Lakim & M. Pfeiffer (2006). Is Rattus rattus
invading the primary rainforest on Borneo?. Malayan Nature
Journal, 59(1): 73-79.

Whittaker, R.J., J.M. Fernandez-Palacios, T.J. Matthews, M.K.
Borregaard & K.A. Triantis (2017). Island biogeography: Taking the
long view of nature’s laboratories. Science 357(6354): eaam8326.
https://doi.org/10.1126/science.aam8326

Yusoff, A. M., V.K. Jayaraj, N.F.D. Mohd Tahir & S.l. Mokhtar (2015).
Preliminary study of skull polymorphism of Tupaia glis in Peninsular
Malaysia by using Morphol. Jurnal Teknologi 72(4). https://
jurnalteknologi.utm.my/index.php/jurnalteknologi/issue/view/161

Bagi et al.

Malay abstract: Pulau secara amnya, kaya dengan biodiversiti hidupan laut, tetapi juga
menyembunyikan hidupan liar unik dan endemik di daratan. Maklumat berkaitan hidupan
liar di pulau-pulau yang terdapat di Malaysia terutamanya pulau-pulau kecil masih
kekurangan. Oleh itu, kajian telah dilaksanakan untuk membuat inventori kepelbagaian
mamalia kecil (terbang & bukan terbang) di Pulau Perhentian Kecil. Pulau ini merupakan
sebuah destinasi pelancongan yang terkenal dengan pelbagai jenis hidupan laut yang
mengagumkan dan pantai berpasir yang indah. Meskipun pulau ini merupakan lokasi
tumpuan pelancong, informasi yang diketahui mengenai kepelbagaian fauna di pulau ini
amat terhad dibandingkan dengan jirannya yang lebih besar, Pulau Perhentian Besar.
Survei yang telah dilaksanakan pada 21 hingga 30 Mei 2014 berjaya mencatat 56 individu
haiwan merangkumi lapan spesies kelawar dan lima spesies mamalia kecil bukan
terbang yang ditangkap dengan jaring burung, perangkap kelawar (Harp trap) dan
perangkap sangkar tikus. Survei ini telah mencatatkan 10 rekod spesies tambahan bagi
pulau ini berbanding laporan sebelum ini. Lima spesies daripada rekod tambahan ini
belum pernah dijumpai di Pulau Perhentian Besar. Penemuan spesies Hipposideros
dyacorum, Tylonycteris fulvida, T. malayana, Rattus exulans dan Sundamys annandalei
di Pulau Perhentian Kecil juga merupakan rekod taburan baharu yang belum pernah di
laporkan di mana-mana pulau di Pantai Timur Semenanjung Malaysia. Penemuan ini
secara tidak langsung mengangkat kepentingan melindungi biodiversiti pulau yang penuh
dengan keunikan. Diharap hasil kajian ini dapat digunakan dalam merancang
pengurusan pelancongan di pulau ini untuk pembangunan secara lestari di samping
menguruskan kawasan ekologi yang sensitif ini.
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Patterns, perceptions, and spatial distribution of human-elephant
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Abstract: Nepal has an estimated population of 109 to 142 wild Asian Elephants Elephas maximus L.. We carried out a survey of human-
elephant incidents (HEI) of conflict in the buffer zones of Chitwan National Park and Parsa National Park Nepal, using a structured
questionnaire, focal interviews, and secondary data collection. Furthermore, data of HEI were also extracted from published literature
in order to analyse spatial-temporal patterns of competition throughout Nepal. Elephant related incidents were higher in the pre-winter
season and concentrated along the southern forest boundary; incidents decreased with increasing distance from the park/reserve. Crop
damage by elephants occurred in pre-monsoon and winter seasons with the most impact on rice (the major crop). Bulls (single or in
pairs) were involved in crop raids (44%), property damage (48%), and human casualties (8%); family herds were only recorded to have
raided crops (39%) and damaged properties (36%). The average herd size recorded was 10 individuals, with a maximum group size of <22
elephants. Generally, incidents per elephant was high in western Nepal, whereas human and elephant casualties were higher in central
and eastern regions. To reduce human—elephant incidents 53% of local residents suggested restoring core and boundary areas with native
elephant food plants, 40% suggested planting alternative crops along park boundaries, 6% favoured elephant translocation, and only 1%
percent was in favour of culling elephants. Mitigation measures already in place include wooden watch towers used by villagers to detect
elephant incursions. Low impact traditional averting techniques, such as drumming and the use of flame torches, were used to deter
intruding elephants at the areas surveyed. In conclusion we suggest potential mitigation measures such as identifying elephant refugia
and mitigate the impact and assessing the year-round availability of preferred foods; in addition, we advocate for introducing an equitable
compensation to gain support from local communities adjacent to protected areas.
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Patterns, perceptions, and spatial distribution of human-elephant Koirala et al.

INTRODUCTION range (Hoare 1999). The nature and extent of damage
caused by these animals to humans and vice versa is not
The Asian Elephant Elephas maximus is among clear. In the present study, we examine multiple aspects
the largest living land mammals and is ‘Endangered’ of human-elephant incidents in Nepal mostly focussing
according to IUCN Red List (Williams et al. 2020). Global on central Nepal. To the best of our knowledge, one
estimated population of Asian Elephants is 41,410— study has identified the spatiotemporal distribution of
52,345 in the wild and 16,000 in captivity, distributed human—elephant incidents (HEI) at a national level in
across 13 Asian countries (Sukumar 2003; Choudhury  Nepal through anindirect measure: by way of newspaper
et al. 2008). Elephant populations in most of their articles (Neupane et al. 2013). The present study,
natural ranges have been declining with the increase = however, has quantified the spatio-temporal pattern and
in human populations and land development causing  perception of elephant problems by residents using a
erosion and degradation of forest habitats (Choudhury  questionnaire surveys and secondary data. We consider
et al. 2008). Such habitat degradation in the form of  data reliability for the former study to be greater for the
deforestation, increases the frequency of incidents reporting of human casualties, and elephant deaths,
with Asian Elephants (Riddle et al. 2010; Puyravaud  while our study aimed to generate reliable data on all
et al. 2019), which is hindering conservation efforts in  types of human-elephant incidents including peoples’
some regions (Hoare 1999; Perera 2009). Thus, averting  perception on human-elephant coexistence. Thus, the
habitat destruction and fragmentation is probably most  aim of this study was, therefore, to assess the magnitude
important in reducing problems with elephants (Hoare  and nature of the human-elephant incidents and to
2000; Sukumar 1989, 2006; Puyravaud et al. 2019). obtain the opinions and perceptions of local people on
Nepal provides habitat for an estimated 120-215 mitigating elephant impacts and on enhancing elephant
Asian Elephants (Pradhan et al. 2011; Koirala et al. conservation. To explore these topics, research questions
2016). The recent loss of over 80% of elephant habitat  were asked in relation to type, frequency, and trends in
to human settlement (Joshi & Singh 2007), however, elephant visitations and damages, with an overall goal
has eroded the carrying capacity. In the past, elephants  of finding local solutions to minimise competition with
were distributed throughout the Terai forests (Pradhan  humans.
& Wegge 2007). These forests, which spanned Nepal In addition, for the purposes of comparison, we
from east to west, have now been reduced to 24% of  explored spatial and temporal distribution patterns and
their original size of 593,000ha (Satyal 2004). The the driving forces of human-elephant incidents in other
country’s elephant population is now limited to only four  regions in Nepal.
areas due to vast anthropogenic pressure and dwindling
resources (Pradhan et al. 2011). Human activities, which
encroach on elephant habitat, also force elephants into  MATERIALS AND METHODS
direct contact with humans, which results in adverse
incidents (Hoare 1999; Sukumar 2006). Data were collected between July 2012 and
The spatial and temporal nature of incidents varies  December 2014 in villages distributed throughout the
within Nepal (Koirala et al. 2016). In central Nepal, the  northern and southern buffer zones of the Chitwan and
elephant population is mostly resident. Incidents arising  Parsa National Park (Fig. 1).
from crop raids were first recorded in the Parsa Chitwan Information on human-elephant incidents was
area in 1994, when a single bull elephant moved into  collected through a structured questionnaire designed
cultivated agricultural lands (Velde 1997). Incidents to document the personal details of the respondent,
have increased substantially since then, which poses their occupation, agricultural practices if any, problems
a serious threat to local people as well as to resident  encountered with elephants, major forms of damage
elephant populations (Pant & Hockings 2013). In Nepal sustained from elephant visitations (Appendix 1). The
alone, 66 people and 18 elephants have died as aresult,  details of the spatio-temporal nature and extent of
over a period of 16 years, from 1986 to 2002 (Yadav  crop and property damage and human and elephant
2007). In central Nepal, nine people were killed over a  casualties, alsthe timing and frequency of damage, major
period of five years, from 2008-2012 (Chitwan National  crops and also plant parts eaten, and locals’ mitigation
Park 2012). methods were requested.
Incidents caused by elephants is the main In total, we surveyed 302 households, focussing more
conservation issue throughout the elephant’s home on villages near park boundaries. Every fifth household
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within each village was selected, and interviews were
conducted with the head of the household. If the head
of the household was not present, the most senior
member of the family was chosen for interview. If
no one was at home, the next house was selected
for interview. Verbal consent of the respondent was
obtained before conducting the interview (Pant &
Hockings 2013), and none of the respondents declined
to participate in the survey. All information received
was treated as approximate, since it was based on
respondents’ estimates and recollections (Kulkarni et al.
2010). Altogether, 75 villages under the auspices of 17
village development committees (VDC) were surveyed
within four districts (Chitwan, Parsa, Makwanpur, and
Bara). VDCs were local government bodies in rural
Nepal, equivalent to municipalities in urban areas ftill
2016. The Gaunpalika system was established in 2017,
replacing the VDC system that was in use since 1990.
The geographical coordinates of the households where
interviews were conducted were obtained by marking

Koirala et al.

Figure 1. Study area: blue circles are
the spatial position of the households
surveyed in the buffer zones of
Chitwan and Parsa national parks.
Parsa National Park was established as
a wildlife reserve in 1984. Since 2017, it
has had the status of a National Park.

their location using a Garmin eTrex Venture global
positioning system (GPS) unit.

Kangwana (1995) has cautioned that conclusions
cannot be drawn based entirely on farmers’ and
householders’ replies to a questionnaire. To validate
the household survey records, secondary interviews
information was collected from existing record of
incidents in the park and buffer zone office and focal
interview were conducted with key informants from
community and park and buffer zone committee officials.
Their experience and knowledge of existing elephant
populations, HEI causes, measures taken and potential
solution to the problem were recorded.

Furthermore, data of HEl were also extracted from
published literature in order to analyse spatio-temporal
patterns of competition throughout Nepal. Among
four elephant distribution areas, the eastern region
was covered by forest remnants and only 175km? was
under protection. Edge habitat covered 12,892ha
(Nepal WWF 2007) while in central Nepal intact forest
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under protection totalled 3,549km? with 28,500ha edge 17 village development zones: representation by zone
habitat in the Chitwan National Park buffer zone (Baidya  ranged from a low of 1.7% in the Bhandara area in
et al. 2009). While in western region covering Bankey  Chitwan to a high of 12.6% in the Nirmal Basti village
and Bardia National Parks, patchy forest remnants were  development committee in the Parsa buffer zone.

distributed in the south and south-western part of the Respondents reported crop raids to be the most
parks. A total area of 1,437km?was under protection = common form of elephant damage, comprising 77%
at the time of our study. Forest edge habitat totalled of total HEI, followed by property damage (22%) and
12,979ha. The far western area in Shuklaphanta human casualties (1%) (Fig. 2). Nearly half (45%) of
Wildlife Reserve supported a 305km? area of intact, fully ~ the respondents indicated that property damage had
protected forest. Forest edge habitat covered 33,554ha, increased in the last 10 years, 46% of interviewees had
the largest forested edge habitat in Nepal (Nepal WWF  not noticed any changes in HEI trends, 8% had observed

2007). a decrease in incidents and 3% of respondents did not

answer the question. Similarly, 72% of respondents

Data analysis noted increased crop raids, 21% did not notice any
We examined dataovera 10-year period (2003—2012).  change and 6% indicated a decreasing trend.

Relative incident intensity among villages was calculated A minority of respondents (22%) indicated an

by the relative frequency of different categories of increase in human casualties, 60% did not notice any
incidents (crop depredation, property damage, human  change, and 10% indicated a decreasing trend. More
casualty, and elephant casualty). The intensity of 3  than 80% of respondent could not provide information
was the lowest and 1 was the highest intensity with a  about elephant mortality in relation to HEIl, and only
combination of different types of incidents. 10% indicated a decreasing trend in elephant casualties
The per capita elephant damage rate calculated using  (Fig. 3). Most of the respondents (72%) reported an
the equation below and used as an index of incident increasing trend in crop raids over the past years. In
intensity (I1). summary, local perceptions indicated a more significant
Frequency of incidents/year increase in crop raids than in other types of damage (x*=

Incident intensity (II) = 95.0, df=3, P=<0.001).
Total number of elephants

GPS location data of HEI were used to prepare a  Crop type, damage incidence, and seasonal changes
detailed map in ArcGIS version 10.1. Chi-square test Rice was the most common crop grown by 99%
was used to assess trends in elephant damages, the of the interviewed households, followed by maize
respondents’ attitudes towards elephant caused damage  (79%) and wheat (43%). More than half (55%) of the
and the local perceptions on elephant conservation.  households, located predominantly to the south of the
Pearson correlation tests were conducted to determine  reserves, produced one crop of rice per year, while 45%
the relationship between the number of crop raiding/  of the households, situated mainly to the north of the
property damage incidents and human casualties and  reserves, produced two crops a year. Only one crop of
the spatio-temporal relationships between elephant wheat and maize were grown per annum throughout
damage and the spatial location of villages. The IBM  the buffer zones of both reserves.
statistical package for social sciences (SPSS) version 22 Just over half of the respondents (51%) indicated
was used to analyse data. that elephants raided rice, over more than a quarter of

the respondents (34%) had witnessed elephants raiding
maize regularly, and 15% of respondents reported that

RESULTS wheat was a regular food choice for raiding elephants.

Most of the respondents reported that the crop damage

Respondents and their major incident experiences by elephants occurred in the pre-monsoon and pre-
Of 302 respondents, 258 (85%) were males and 44  winter seasons.

(14.6%) were females. A total of 170 (56%) interviewees Forty-four percent of reports of HEI involving single

resided in the buffer zone of Chitwan National Park, bulls or two bull elephants were of crop raids, 48% were
and 132 (44%) were within the buffer zone of the Parsa  of property damage and 8% were human casualties.
Wildlife Reserve. The mean age of respondents was 45  Family herds were found to raid crops (38%) and damage
years (n= 302 + SD= 10) and ranged from 21-73 years.  property (36%), but there were no records of a human
Interviewees were distributed unevenly between the casualty caused by a family herd (25%).
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Figure 2. Respondents’ view on the trend of damage by types of HEl in
the buffer zones of Chitwan National Park and Parsa Wildlife Reserve.

Figure 3. Distribution of respondents’ views on the trend of human-
elephant incidents from 2004 to 2014.

Figure 4. Incident intensity with increasing distance from the
periphery of the parks.

There was significant correlation between the
number of crop raiding/property damage incidents
and human casualties (r>= 0.8, P= <0.01). There was
a significant difference in the number of incidences of
HEI relative to the time of day, with almost 95% of all
incidences occurring during the night (18.00-02.00 h)
(x*=108.30, df= 3, P=<0.001).

Koirala et al.

Plant parts preferred by elephants

Altogether 23% of interviewees described rice
grain with husks as the food most targeted by Asian
elephants, followed by whole rice plants without roots
with 13% (x?= 181.79, df= 2, p= <0.001). Twenty-eight
percent of the interviewees reported maize grain with
husks as likely to be selected by crop-raiding elephants
(x>= 274.89, df= 2, p= <0.001). Eight percent of the
respondents reported that whole wheat plants without
roots were also favoured, and 7% described wheat grain
with husks was also part of the raiding elephants’ diet
while 21% of the respondents could not answer on
preference for any of the foods.

Incidents distribution by village

Overall, 55% of incidents were centred in southern
and southwestern parts of the park buffer zones. Over
half of the incidents (56%) occurred in the Chitwan
National Park buffer zone, and 44% occurred in the
Parsa Wildlife Reserve buffer zone. Ayodhyapuri Village
in Chitwan reflected the highest frequency of incidents
(12%), followed by Gardi Village (11%). In the Parsa
Wildlife Reserve buffer zone, Manahari Village suffered
the highest frequency of incidents (9.78%), followed
by Nirmal Basti (8.0%). There was significant negative
correlation between the distance of a village from park
boundaries and the Incidences (r= —0.42, P= 0.02) (Fig.
4).

Regional trends

In the easternmost region, incidents per elephant
was 1.74 (Fig. 5), and the number of human and elephant
casualties was with 5.75 per annum (4.45 human
casualties and 1.3 and elephant casualties). Human
and elephant casualties were high across all four known
elephant distribution areas, however, the intensity of
casualty per elephant was only 0.06 as the number of
elephants in this region was the highest (around 100
individuals) within the four elephant distribution regions
in Nepal (Pradhan et al. 2011) (Fig. 5) at the time of this
study.

In central Nepal (the Chitwan and Parsa areas, Fig.
5), intensity of incidents was 1.53. The casualty per
elephant (0.17) was highest in this region (Fig. 5). The
elephant population was estimated at 25—-30 individuals
(DNPWC 2009; Pradhan et al. 2011) and they are mostly
residents.

Incident intensity excluding casualties was highest in
Bardia and Banke National Parks in western Nepal (3.08),
however, the rate of human and elephant casualties
per elephant was the lowest among all regions of the
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country (0.04) (Fig. 5). The population was estimated 150 -
to be around 80 individuals in Bardia National Park only )00
(Pradhan et al. 2011). 240

In the far western region (Shuklaphanta National g

200 ne2s e300

Park and surrounding areas), the Asian Elephant =
population was low at the time we conducted the §1w o
research, with approximately 10 mixed migratory and  ~ '™ WAR et
resident individuals (Velde 1997; Pradhan et al. 2011). 050 n=10
Incident intensity per capita (i.e., per elephant) was the oo | NN
lowest (0.19) among all the regions. Human casualties L gund Sacdle w”"“"" e

were low at the time of the present study.

Minimising incidents
Of the questionnaire
qguestionnaire respondents

Figure 5. Spatial distribution of elephant population represented
by numbers with the intensity of all types of damage represented
by black bars and the intensity of human and elephant casualty

respondents, 46% of represented by grey bars.
reported a decrease in

elephant abundance over the past 10 years, while
just under half (53%) of the participants reported an
increase. Half of respondents were of the view that
the frequency of elephant visitations had been steady
before five years, ranging from one to three visits per
year. However, 47% of respondents thought that the
frequency had increased from only one to three to six
visits per annum over the most recent 5-year period,
while 3% of respondents did not answer this question

(Fig. 6).

When asked which of the given determinants they
think is the prime cause for the increased human-
elephant incidents in this region, many village residents
(78%) identified the ineffective and inadequate elephant

deterrents such as trenches
of the causes of increased

and electric fences as one

HEI in the Chitwan-Parsa Figure 6. Frequency of elephant visitation over time.

region. Half (50%) of the residents interviewed believed
that a higher number of elephants was the major cause

of increased problems (Fig.

7). The responses were

analyzed by categorized favour and disfavour proportions

using z test of proportion.

Parametric large sample z

tests showed that there were statistically significant
differences between favour and disfavour proportions
on ‘human moved into elephant habitat’ (z= -14.5, p
<0.01), ‘changing ranging behavior of elephants’ (z=-3.6,
p <0.01) and ‘inadequacy of preventive measures’ (z=
11.17, p <0.01) but responents perceived the statistically
equal proportion of favor and disfavour proportions on
increase in the number of elephants (z= 0.35, p >0.1).

Overall, more respondents

disfavoured responses on Figure 7. Responses to the questions on the prime cause for the

the ‘human moved into elephant habitat’ and ‘changing  increased human-elephant incidents.
ranging behavior of elephants’, but they perceived the
more favour on inadequacy of preventive measures.

The proximity of agricultural lands to forest fringes  elephants moving into human-occupied areas. A total
allowing easier access to elephants was regarded by of 45% of respondents believed that depletion of natural
50% of respondents as being the primary reason for  wild foods in the forests resulted in elephants moving

18446

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 May 2021 | 13(6): 18441-18452




Patterns, perceptions, and spatial distribution of human-elephant Koirala et al.

into human habitats. An additional 5% of respondents  season (pre-winter) occurred more frequently than
believed that human disturbance of elephant habitats  raiding of other crop types. This may be due to
was the cause of elephants visiting villages in search of  nutritional drivers. Our unpublished data shows higher

foods (x?= 244, df= 13, p=<0.001) protein content in the grains of cereal crops compared
Many of the respondents thought that food supply  to wild grass species.
should be a key focus in conflict mitigation: over half Elephants’ preferences for certain grain crops can be

(53%) felt that the regeneration of natural food plantsin  explored further by identifying repeat raiders. Most crop
the forests would help reduce the frequency of elephant  raids were by a single adolescent or a few bull elephants
visitations to cropped fields, and 40% were in favour of  identified by local villagers as repeat visitors that
growing alternative crops and pursuing other livelihoods.  returned multiple times over a period of several years.
Six percent of respondents favoured translocation This repeat crop-raiding behaviour could be correlated
of problematic elephants to remote areas and 1% of  with adult bulls having higher nutritional requirements
participants suggested culling repeat offenders. than other elephants because of their size and the high-
In response to questions about how elephants could  energy behaviours associated with the male drive for
be protected, 59% of the respondents were in favour of  reproductive success (Sukumar & Gadgil 1988).
habitat management inside parks, 33% supported raising Our study also found that family herds ventured
people’s awareness about elephant conservation and  into agricultural fields and caused damage. This group
32% suggested strong legal protection. A clear majority  behaviour could be predicted based on changed
of local respondents (87%) were positive about coexisting ~ migration patterns and home ranges (Pamo & Tchamba
with elephants. Responses about how human-elephant  2001), as some of them have been found to visit new
coexistence could be sustained in the region included a  areas (Piple and Manahari VDC) in the northern parts
74% majority who favored a compensation program to  of the Parsa Wildlife Reserve and Chitwan National Park
replace income lost to elephant damage. Over half of  where there had been no record of visitation by family
the participants (56%) suggested electric fencesasaway  herds in the past. The changing behaviour of elephants
to reduce HEI and to enhance peaceful coexistence. could be triggered by resource constraint in the area.
The exploration of new areas is likely to be due to habitat
shrinkage, water depletion and the increasing proximity
DISCUSSION of rice fields are consistent with elephant habitats.
Such behaviour change cannot be denied as there has
Our data showed that the scale of human-elephant  been a recent report by Srinivasaiah et al. (2019) that
interactions differ according to the type of incident. young male elephants in India, which are typically
Crop damage was the most common type of incident.  solitary, are now forming large male herds to protect
Of the most heavily cultivated crops, rice was the most  themselves from human retaliation. Our results showed
frequently raided. Crop raiding by elephants is a major  that elephant visitations have substantially increased in
issue in many parts of Asia and is caused by many factors, = some areas during the last five years, especially in the
including elephant migration patterns, shifting water  non-traditional migration regions.
resources, habitat depletion and seasonally dependent The spatial distribution of village households and their
nutritional requirements (Sukumar 1990). In our study  agricultural lands also played a crucial role in influencing
area, rice was cultivated twice per annum, and was the  HEl. Households in the forest fringe within <5km of
crop of choice for local farmers. The primary reason for  the periphery of national parks/reserves were more
elephants’ preference for rice could be related to the frequently affected than more distant villages. This was
proximity of rice fields to their seasonal migration routes irrespective of their crop’s stage of growth, what type
(Neupane et al. 2017). In addition, our study has shown  of crop was cultivated or what type of property villagers
that the spatial distribution of crop-raiding activity was  held. A similar trend has been reported by Sukumar
not uniform in either buffer zones of Chitwan or Parsa.  (1990) in southern India and by Pant & Hockings (2013)
Documented crop raids were mostly concentrated in  in Nepal.
the southern buffer zone regions of the park areas, Interviewees’ perceptions of elephant conservation
especially in areas where cultivated crops were closer  were found to be unanimously positive in this study.
to park boundaries (Fig. 1). Therefore, proximity playsa  People viewed natural food sources and habitat
vital role in crop-raiding activity. restoration as the main areas to be addressed to
Elephant raids of rice during the grain producing achieve conservation goals and to mitigate incidents.
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Existing mitigation measures such as electric fences and  from other parts of Nepal with similar HEI problems.
traditional herding techniques were seen to be least In addition, another of our goals was to understand
effective. The cultivation of elephant deterrent plants  local people’s perception and attitudes towards the
in villages in the forest fringe was deemed not to be conservation of elephants, in order to shed light on
practical by surveyed residents, as alternative income  the scale of the problem and what measures would
streams would be needed to replace the loss of income  be appropriate to introduce to reduce incidence in
from crops displaced by non-edible deterrent flora. the future. Furthermore, information on the historic
Villagers suggested that night patrols during peak crop-  distribution and threat status of Asian Elephants in Nepal
raiding times might not be feasible because of a lack of  would allow us to draw conclusions on how the situation
resources. has changed over the past 10 years, and which factors
The spatial and temporal nature of incidents and  have contributed significantly to the current situation.
incidence intensity varied with region countrywide Overall, results from this study were expected to provide
(Koirala et al. 2016). Our results indicated that eastern ~ some basis for planners and conservationists to design
and western regions were incident hotspots, while innovative approaches to reducing HEIl in Nepal, because
medium and lower incidence intensities were typical  the dearth of information available, makes conservation
in central and far western regions, respectively. The of the species extremely difficult.
eastern region, which extends from Jhapa District In summary, our study suggests that in central Nepal,
in the far east through to Udaipur District in the far  the Asian Elephant population is increasing, and animals
western portion of the eastern-most quarter of the are mostly resident, and the intensity of casualties was
Asian Elephant’s home range, was a critical conflict  highest compared to other elephant populations of the
area. The elephant population was as large as 100-115  country. Crop raids by elephants were the primary cause
individuals, mostly migratory (DNPWC 2009; Pradhan et  of HEI. A combination of factors, including the depletion
al. 2011). In addition, incidence was high in this region  of natural food in the forests, the higher nutritional
in terms of elephant and human casualties, but the content of crops and the proximity of rice fields to
intensity of damage per elephant was less than in other  elephant movement routes appeared to trigger crop
regions because this region contained a higher number  raids, and HEI.
of migratory elephants. The higher number of casualties Based on our results, we have identified factors that
was attributed to the smaller area of forest-edge habitat need to be assessed further to realise Asian Elephant
(Nepal WWF 2007). There was also a higher probabilityof ~ conservation outcomes and peaceful coexistence with
raids occurring whereever there was a longer perimeter  humans. We recommend the following measures in the
of cultivated habitat (Sukumar 1990). People in this form of an integrated approach to minimise incidence
area grew a variety of crops. Some of these were high- and to conserve these endangered animals and their
profit cash crops, and frequent elephant raids of such  habitat for promotion of peaceful coexistence.
valuable crops may have been intolerable to residents. 1. Identify elephant refugia and migration routes and
As a result, retaliatory killings of elephants and human  assess the year-round availability and nutritional content
casualties had occurred. In contrast, in the western  of preferred food plants in and around those areas.
region (Bardia and Banke areas), the Asian Elephant 2. Extension of effective electric fences in all major
population was estimated at <80 individuals at the time  agricultural areas of the buffer zones and consideration
of study, most of them migratory, with few permanent of digging elephant deterrent trenches along remote
residents. Where elephants were fewer in number, park boundaries.
human casualties were less. 3. Introduce fair and workable compensation
It was expected that this study would yield a schemes to address losses suffered from crop and
detailed account of crop and property damage caused property damage and to gain support from local
by elephants in Nepal. Because the study period was communities.
short (just over two years), comparing long-term trends 4. Restore degraded lands with a full suite of
was not possible. We expected that we would find that  food species preferred by elephants (Dharmaratne &
different deterrents were used by locals in different = Magedaragamage 2014) including bamboo, banana, and
regions, and that evaluations of their effectivenesswould ~ other palatable plants.
lead to recommendations for novel damage mitigation Note: The most widely used term ‘conflict’
measures. We further expected to obtain information  was minimized and replaced with term ‘incident’,
about other mitigation measures from the literature and  ‘competition’, and ‘coexistence’ (Davidar 2018).
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Appendix 1. Survey questionnaire to assess human-elephant interaction, focusing on crop raiding pattern in Persa-Chitwan region, Nepal.

L] Dot
L] Questionraire Numbaer:

® Intervirser Nama:

Part Dna: Basic Information showt the interviawes:

L Hgenge s (Age=< Sex; Male ] Female [
L. WDCMunicipality Ward M il N T = e s

3. GPS Location: [Way pointj-—

Part Tweo: Human Clephant confict:

4,  Since how long ago have you been living imthis vilage? .. . YRars

5 Hiveyou or your family maembsr acparianced condlict with alaphant over the Lt ten years
aj s -]
6. yes you Bave exaparienced conflict, what type of conflict was it?
13 Property damage; i Crop raiding: 3] Human casualty 4] Human mjury 5} seccessfully chased without any
darmape.
T. IDadl yem of yeur Pallonw villagers injure of kill asy wild elaphants that attecked the willagers and raided crom?
a)  njured b Killed cf No

E. Of the problemd 1.5 above cauded by wild slsphants, whit o6 the mom sfoul problems axparienced by your villags {in order of
frequency and severity)?

9. Dayou have cropfislds? o) Y, k) W
I aca= What 5re the different crogs) vagetables and Fruits you grow?
Paddy, Wheat, Malze, Mustard, mllst, Sugarcens, Banana - others [ tick or writa)

10. What is the extent of differest crogs cultrated?

11, Which months you cultivate thess crops 7

13. Which crops wers parcesad by the resposdents to ba the meat raided (in ordar)?
Paddy, Wheat, Maizs, Mustard, millst, Sugarcans, Banasa — others [tick or write]

15, Parts Eaten Trampling

a]l Whale plant Bl Whols plant without roct, c] Only grain with hesk dj Leaves a) stem

Party eaten; Paddy, ... Wheat,.. Maize, ... Maustard,.... ©let, .. Sugsrcane ... Banana.. ... othars_.
Parts Teamplad: Paddy, ... Whaat,_., Maizs, ... Muaterd,. .. M, SugsrcEng ... BEssas.,.. ., othada....

14. Which grosth stmga?
a) Vegetathe b reproduct e c) Meading d} hatarity

Growth Stage: Paddy, .. Wheat,_ .. Maize, _... Mustard__.. enillef,__ Sugarcane ... Barana, .. Others_..
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15. Which months of the year elephant damages cocar?
& Property da mags b Crop Raldisg o Human) Elaphant casualty.

16 What is the frequency of elephant visit and crop raiding ¥

17. ‘What ts the time of the day the damage by alaphants moest bkaly ooturned (early morsesg 2 am to & am; moming & am to 10 am;

day 10 am to I pry afternden I pm a6 pm; evening & pm e 10 pey; night 10 pm 6o 2 amn)?

18. What & the trend of elephant darmage over the last ten years?

L Property damags (Mark]
a  Increased (..}
b Steady(_.|

€ Decreased [ ...}

Il Crop radding (Mark cne
a  Increased (..}
B Stesdy (o)
€ Dwcreased|...)

Hi. Human caswa®y [ Mark one)
a Incramsed [_...)
b Steady(_.)
£ Decreased|...)

. Elepha nt caswalty |bark ona)

. Increazed|....)

B Stesdy (..}
g, Detresied |~=]

Part thres: Camses of conflict
19. Wiat are the major cuses of Buman-slaphant conflict? (In order of pricty)
a b c

20'Wiy da you thisk slephast move to kuman habeatios (Circle one or more)?
a,  Iniearch of better nutrithve forage

Eady acceds o agriceibars Reld near elephant kabitat

Dw pletson of natural focd plants im the forests

Prablam o bspsant

Tradtional slephest mange

f. Others [describa)

R M W

1. Which of the following do you think is the prime cause for the increased heman-slephant conflict in this region (Cirde one or
mora) ¥

2, Ingrease in nember of elephants

b. Changing ranging babavicur

[ Human mowed evto alephant habitat

d.  Isedeguats prinentive maadure

[ B Othery (decribg)rmemmmemeena s m
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21 What is tha composition of the raiding group (Single male or Family kerd] cassed the most damage? (Bank 1-high damage, 2-
ebdliiom darmage, 3. dder damope)

Zangle Male Family hard
a. Propetydamage ... a3 Propedy damage: ...
B Cropraiding: ... b.Cropraiding: ... ...

. Human casualty: - . .. .c. Human casualty:--——-=--

d. Humas |r|i.,.'|' mmmimrms e @, W iaE A iﬂiml.lu-u imEE e

13, How do you know?

a. I've seen them;

b Howtehold member hat sean them;

t. Hawe sean tracks;

d. Have seen feading sips,

# Have seen alsphant deng;

f. Hawe heard elephant sound,

£ Have seen dlephant damaged property,
. Have seen ofbesr signs.

24. Do slephants move o your area from a specific route or from different rowtes?

25, Can you show the dephamt wie areas to the interviewer on 3 map or through participatory mapping? (Record the loecations
throwgh GPS and mark in the map)

Part four: Peoples Attitude tewards selephant conservation:

28, What do you think i the relathoe albundance of Eleghants in your area ?
i) Today: raree==| ) Ffeirlycommose--=| | abundamt] ) (Tick ona)
b} 10 years ago: rare—-| | faklycommone-—- { | sbwsdant| )(Tick ome)

27, Doyouthink dlephants thould be protected?
Yas -——— Mo

¥ ¥a3, How'?

18 'What should ba done ta minimize contlict Betvween paopla and slephant in this area?
a. Translecation of problem slephant
b Culling
Ehift to alternative crop and livebhood option.
d.  Halp regensrate natural food plants in the forests

2%, Doyouwwant human-slephamt cosxistence inthis area? al.Yes  bl. Na

30, Wyes b ?

. b. C.
B

31, Wm0 what théould be dene?
a. Culling of eleghants
b. Aelocate elephants
. Relocate affected villages. E

d. Othebra
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Abstract: Large carnivores in human-use areas make for sensational print media content. We used media reports to examine human-
leopard interactions in Rajasthan, India. We extracted news reports on leopard-related incidents from January 2016 to December 2018.
Incidents (n= 338) were categorized, mapped, and analysed to understand their nature and extent. We found leopard-related news
from 26 of 33 districts; a majority of these were in the eastern region of the State. Most of the reported interactions appeared to be
non-negative, despite losses to both leopards and people. Our results provide a synthesis of spatio-temporal patterns of leopard-related
incidents, which could help wildlife managers in better addressing negative interactions. The study also demonstrates how news reports
could be useful for examining human-wildlife interactions across large spatial scales.
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Human-leopard interactions in India

INTRODUCTION

Conserving wildlife while simultaneously balancing
human welfare presents several challenges (Peterson et
al. 2010), especially when large, potentially dangerous
wildlife share spaces with humans (Treves & Karanth
2003). Besides ecological considerations, conserving
such wildlife species requires an understanding of social
contexts such as local politics, culture, religion, and
ethnic attributes (Dickman 2010; Chapron & Lépez-Bao
2014). Large carnivores are generally wide-ranging,
and many species live in human-dominated landscapes
(Ripple et al. 2014). Predators like Coyotes Canis latrans
in Canada, Tibetan Black Bears Ursus thibetanus in Japan,
Grey Wolves Canis lupus in parts of North America &
Europe, Jaguars Panthera onca & Pumas Puma concolor
in South America, and several carnivore species in Africa
have been documented to share spaces with humans
(Vynne et al. 2011; Alexander & Quinn 2012; Sakurai et
al. 2013).

‘Shared spaces’ by their very nature entail some
amount of negative interactions between humans and
carnivores (Peterson et al. 2010). When these negative
interactions intensify, they transform and perpetuate
as negative attitudes, especially when people perceive
that state agencies or managers prioritise wildlife over
human safety and wellbeing (Madden 2004). Historically,
conservation policies across countries and regions have
approached the issue by considering carnivores and
their habitats, and humans to be disparate entities with
little to no overlap (Athreya et al. 2013; Chapron et al.
2014). But over time, studies have quelled this notion
and provided empirical evidence for an evolving concept
of human-carnivore associations that demonstrate the
fluid nature of the dimensions they share (Ghosal et al.
2013; Athreya et al. 2015; Dhee et al. 2019).

Three of the four large felid species in India—the
Asiatic Lion Panthera leo persica, Tiger Panthera tigris,
and the Common Leopard Panthera pardus—share space
with high densities of humans and livestock (Banerjee et
al. 2013; Joshi et al. 2013; Athreya et al. 2015). Among
them, leopards show the highest overlap with human-
use areas in the country (Karanth et al. 2013; Athreya
et al. 2015; Kshettry et al. 2017). Leopards are highly
adaptable, wide-ranging predators occurring in a variety
of landscapes, from forested protected areas to densely
human-populated urban centres (Jacobson et al. 2016).
Their body size, hunting strategies and highly eclectic
dietary preferences allow them to thrive on a broad
spectrum of prey species (wild and domestic). They
can potentially live in human-dominated landscapes
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with relatively low levels of damage to human life and
property under certain conditions (Athreya et al. 2013,
2016; Kshettry et al. 2018; Puri et al. 2020). Their
populations, however, continue to dwindle due to
habitat loss, direct persecution or illegal trade of body
parts across the distribution range; the IUCN Red List
therefore categorizes them as Vulnerable (Stein et al.
2011). A combination of (a) limited knowledge about
their interactions with humans, (b) absence of viable
mitigation strategies to counter negative interactions in
shared landscapes, and (c) consequences from damages
caused to people and livestock (Stein et al. 2011) create
conservation concerns, necessitating the exploration
of approaches to foster human-leopard co-existence in
human-dominated landscapes.

Print media holds immense power and clout in
creating and sustaining narratives based on how it
represents human-leopard interactions in human-
dominated areas(Crown & Doubleday 2017). Previously,
studies have addressed this by assessing the type, nature
and tone of content communicated through the media
(Bhatia et al. 2013; Hathaway et al. 2017) and asserted
that issues related to large carnivores are more ‘worthy’
of a news report if the incidence represents an overall
negative view. This can potentially create a bias against
wildlife and undermine conservation goals to an extent
(Bornatowski et al. 2019). The public who consume such
content get an incomplete understanding of the actual
gravity of the incident(s) and this can either attenuate
or amplify their perception of risk, leading to diminished
human acceptance of wildlife (Knopff et al. 2016). Other
studies have used media reports to map the distribution
of the leopards and patterns of depredation using spatial
models, while also assessing social and management
factors associated with negative interactions (Athreya
et al. 2015). Therefore, media is not only a source of
information but can also provide a broader view of
human-leopard interactions and can potentially inform
conflict mitigation strategies.

In this study, we examined human-leopard
interactions reported in the media from the state of
Rajasthan in northwestern India. The State’s local print
media extensively covers leopard-related incidents, and
has a considerably wide readership. We used media
records to assess spatial and temporal patterns of
leopard-related incidents in the State, and then analysed
negative interactions in terms of losses or damages faced
by leopards and people. Finally, we examined current
management strategies that involve leopard captures
and translocations, providing an analysis of the locations
of physical captures, the reasons behind the captures,
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and the relevance of these interventions for leopard
conservation in human-use areas.

MATERIAL AND METHODS

Ethics Statement

The study was implemented using archived reports
from print media and some forest department records.
The study does not contain personal information of
any human subjects. Approval of animal care and use
committee and of human ethics committee was not
required.

Study area

The State of Rajasthan in northwestern India covers
an area of around 350,000 km? (10.4% of the country’s
total geographical area; Fig. 1), and supports a population
of 68,900,000 people with a density of ~200 humans
per km2. The literacy rate in the State stands at 66.11%,
with 75% of the population—mostly agricultural and
pastoral communities—residing in rural areas (Census of
India 2011). The State has 33 districts (administrative
units) and 241 sub-districts (locally called ‘tehsils’).
Major geographic features of the State include the Thar
Desert in the west, and the Aravalli Hill range that spans
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more than 850 km from the south to the northeastern
parts. The vegetation in the State is diverse, ranging
from desert dunes, scrub, deciduous forests, forest
plantations, saline or swampy grasslands with a mosaic
of seasonal agriculture belts, urban settlements, and
barren lands. The region is largely arid/semi-arid, with
low rainfall throughout the year (100-1,000 mm).

The print media in the State frequently covers
leopard-related incidents. The types of reports vary from
leopard sightings outside protected areas to attacks on
humans & livestock and leopard deaths. They also report
on the presence of leopards in human settlements,
which often leads to capture/rescue and translocation
operations. Reports of these incidents are primarily in
Hindi, which is the most widely-spoken language in the
State. The wide readership of print media, and its role
in reporting leopard-related incidents, lend themselves
to two considerations from a management perspective:
first, it is important to analyse the content that is
represented in newspapers; and second, the spatial and
temporal patterns or trends of these reported incidents,
particularly outside protected areas.

Data collection and processing
We selected Rajasthan Patrika (published in Hindi)
as an ideally suited media publication for our study,

Figure 1. Locations of leopard-related incidents in the state of Rajasthan (January 2016-December 2018) mapped based on media reports.
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because it has high readership across the State with an
average issue readership of 7,586,000 people (Indian
Readership Survey 2017) as compared to average issue
readership of other regional publications (Punjab Kesari
with 3,252,000 and Navbharat Times with 2,327,000
people). All the reports pertaining to leopard-related
incidents were collected from the publication’s online
portal  (www.patrika.com/rajasthan-news/),  from
January 2016 to December 2018. We extracted detailed
information on various aspects of human-leopard
interactions (see Table 1), including precise geographic
location (name of village/town/city, sub district, district),
date of event, time of event and type of event, along with
associated details about the leopard(s) involved in the
incident, and livestock/human victims. Media reports
were classified into major thematic categories, multiple
reports pertaining to the same incident were combined,
and each incident was assigned a unique identification
code before being archived (see Supplementary Table 1).

Spatial patterns of leopard-related incidents

Our objective was to use media reports to identify
spatial patterns of human-leopard interactions in the
State. We spatially mapped the number of media
reports by assigning incidents to the corresponding
districts and determined geographic coordinates of
the village/town/city named in each media report
using Google Earth (version 7.3.2). To minimize errors
arising from villages with same/similar names, we used
a directory of village names (from government records),
tracing their locations by sub-district and district names
as additional qualifiers. Reports for which we could
not reliably assign spatial locations were excluded from
the spatial maps; other relevant information from such
reports was nonetheless used for examining aspects
related to leopards and/or the livestock/human victims.
We used geospatial software QGIS (version 3.4.6) to
generate spatial maps for each category of leopard-
related incidents as detailed in Table 1.

Characterizing human and livestock attacks

We undertook detailed analyses of specific cases
where leopard attacks on livestock/humans were
reported.  First, we sought to identify temporal
patterns (if any) in these attacks. Using date and month
information as reported in the newspapers, we broadly
classified unique incidents of leopard attacks based on
seasons (Summer—March to June, Monsoon—July to
October, and Winter—November to February). Next, we
analysed information on the specific locations of human
attacks, the activity of humans during the attack and
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the demographics of human victims (sex and age group,
i.e., male/female, infant/young/adult; where, infant:
<5 years, young: 5-18 years, and adult: >18 years).
Similarly, we also created a profile of all the livestock
attacked, as presented in individual reports (species/
breed, and young/adult).

Fate of leopards outside protected areas

We examined three aspects related to the fate of
leopards outside protected areas in Rajasthan. Given
that mortality can severely impact leopard populations,
we examined the causes of leopard deaths based
on reportage. Second, we examined the reasons for
management interventions that involved physical
captures of leopards. For these events, specifically, we
used data from forest department records of leopard
captures and releases in the State to corroborate
information reported in the media. Finally, we also
recorded the locations where leopard cubs were
reported and measured their distance to the nearest
protected area. While doing so, we included protected
areas from Rajasthan and also from the neighbouring
states of Madhya Pradesh and Gujarat, since some
locations could have been closer to the protected areas
within these states rather than in Rajasthan.

RESULTS

Systematic  searches of Rajasthan  Patrika
e-newspapers, available from the publication’s online
portal, yielded 306 media reports pertaining to leopard-
related incidents that occurred between January 2016
and December 2018. We recorded a total of 338
leopard-related incidents, after thorough processing and
separating outinstances where multiple unique incidents
were documented in the same report(s). Most incidents
were reported within a day’s time since the occurrence
of the event. We found that 26 of 33 districts in the State
of Rajasthan reported leopard-related incidents. Almost
all incidents across categories were in the eastern half
of the State (Fig. 2), and the highest frequencies of
events were clustered in the southern districts (see
Table 2). Of the reports related to human attacks (n=78)
during the period of our study, around 50% were in the
southern districts of Udaipur, Rajsamand, Dungarpur,
Banswara, and Pratapgarh. Udaipur had the highest
percentage of reports on human attacks (18%) followed
by Rajsamand (14%), Alwar (8%), Banswara (8%), and
Jaipur (6%). Human deaths in the period from January
2016 to December 2018 (n= 15) occurred in Rajsamand
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Figure 2. Spatial patterns of leopard-related incidents in Rajasthan based on media reports (January 2016-December 2018). a—leopard
sightings | b—livestock attacks | c—human attacks | d—leopard deaths | e—leopard rescues | f—leopard captures.

Table 1. Major thematic categories of leopard-related incidents in Rajasthan, based on information extracted from media reports (January

2016-December 2018).

Category Description

Leopard sightings

Leopards sighted by people outside Protected Areas; within village limits, on roads, inside livestock shelters, forested areas near

villages, urban/industrial establishments, agricultural fields, or open/barren areas.

Attacks on domestic livestock— goat, sheep, cow, calf of a cow or calf of a buffalo— inside livestock shelters or during herding activity.

Livestock attack: -
lvestock attacks Attacks on guard dogs were also included, separately.

Attacks in self-defense in a mob, incidental attacks on humans during attacks on livestock, deliberate attacks on children, attacks on
Human attacks

adult humans in agricultural fields, attack on department personnel during capture operations.

Leopard deaths

Incidents involving leopard deaths: natural death, poaching (missing body parts such as nails or teeth), vehicular/train collision,
electrocution, retaliatory killing, death during capture/rescue/translocation operations.

Leopard rescues
cubs from human-use areas.

Incidents where Forest Department personnel rescued leopards from open wells, iron traps, following road collisions or rescues of

Leopard captures

Leopards captured by Forest Department from a village/town/city for translocation to other sites. Capture of leopards was usually a
consequence of leopard sightings in human-use areas, attacks on livestock and/or attacks on humans.

(6), Alwar (3), Udaipur (2), Pratapgarh (2), and Jaipur
(2). For livestock attacks (n= 79), the eastern district of
Jaipur had the highest number of reports (28%) followed
by the southern districts of Udaipur (14%), Rajsamand
(12%), Banswara (7%), and Dungarpur (6%).

Attacks on humans and livestock

The number of human attacks reported was similar in
summer and winter months; monsoon months had much
fewer attacks. Most attacks on livestock were reported in
the summer months, and least in the monsoon months
(Figure 3). The 78 media reports on human attacks

involved 120 people (85 male and 35 female). Fifteen of
these 120 (5 male and 10 female) resulted in fatalities.
Most of the victims attacked (76 of 120) were adults,
while 20 were young and one was an infant; the age of
the victim was not reported in 23 cases. Except for 12%
of attacks on people in forest areas and 12% of attacks
for which exact location was unknown/not reported, all
other attacks took place in predominantly human-use
areas. Attacks in farmlands were the highest, at 38%
(Figure 4). Most (53%) of the victims were attacked
while they were engaged in outdoor activities. About
11% and 14% of the people were attacked inside their
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Figure 3. Seasonal patterns of leopard attacks on humans (n= 78)
and livestock (n= 79) (Summer— March to June, Monsoon- July to
October, Winter— November to February), based on reports during
the study period (2016-2018).

Figure 4. Proportions of leopard attacks on humans (n= 78) classified
by location of attacks, during the three-year study period (2016—
2018)

Figure 5. Activity of human victims (n= 120) during leopard attacks
in Rajasthan, based on media reports, during the three-year study
period (2016-2018)

house and during a mob commotion around a leopard,
respectively. Around 21% of the attacks did not have
any reported details regarding the activity of the victim
(Figure 5).

Chauhan et al.

More than 50% of media reports on livestock attacks
pertained to goat and sheep deaths, followed by reports
on calves of cows (~23%). A relatively lower number of
reported attacks were on adult cows and buffalo calves
(12% of reports each).

Leopard mortalities and physical captures

Media reports analysed in this study included 56
cases of leopard deaths (outside protected areas).
Considering the subset that included reports where
the cause of death was known (63% of total), 52% of
deaths were due to vehicular collisions on roads or
railway lines. Ten road-collision incidents occurred on
national or state highways. The second most common
cause was accidental deaths after falling into open
wells (20%). Retaliatory killing by people accounted
for 11% of deaths, and the other 17% of cases included
electrocution, trapping and death following rescue
operations. Three cases have been reported of probable
death by poaching, with indications like missing nails,
teeth, and heads. Around 37% of cases did not report
the cause of death, or, indicated that the cause could not
be conclusively determined.

We recorded a total of 32 cases of physical capture/
removal of leopards through direct intervention of the
forest department personnel. More than 50% of these
captures were undertaken following a leopard sighting
in human-use areas (indicating leopard presence, but no
damage to human life or property). Captures/removals
following attacks on humans and livestock occurred in
25% and 19% of the cases, respectively, with one case
where the reason for capture was not reported.

The presence of breeding leopards was recorded
from 15 sub-districts, where 36 cubs were rescued by
the forest department and eight cubs were found dead
during the study period. We found that the average
distance between the location from where cubs’
presence was reported and the nearest protected area
was ~39 km (range= 0-104 km).

DISCUSSION

Information on species like leopards is hard to obtain
from fully human-dominated landscapes, especially
at broad spatial scales within a short duration and
in a cost-effective manner (Athreya et al. 2015). We
analysed media reports to better understand leopard-
human interactions across Rajasthan. We show that
media reports can serve as an important resource to
obtain quick yet valuable information on wildlife across
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Table 2. Top five districts in each category ranked based leopard-related incidents reported. Figures in parentheses are the actual numbers of

reports from the corresponding district (January 2016-December 2018)

Rank Leopard sighting Livestock attacks Human attacks Leopard deaths Leopard rescues Leopard captures
1 Rajsamand (14) Jaipur (25) Udaipur (14) Rajsamand (11) Rajsamand (9) Rajsamand (6)
2 Udaipur (13) Udaipur (13) Rajsamand (11) Udaipur (7) Udaipur (4) Alwar (4)
3 Jaipur (12) Rajsamand (11) Alwar (6) Bhilwara (5) Banswara (3) S. Madhopur (4)
4 S. Madhopur (7) Banswara (6) Banswara (6) Pali (5) Jaipur (3) Udaipur (3)
5 Bhilwara (5) Dungarpur (5) Jaipur (5) Alwar (4) Alwar (2) Jaipur (3)

a large landscape, where implementing other common
field-based survey methods would be economically and
logistically infeasible. The reports we analysed over
the three-year duration indicated that leopard-related
incidents were largely restricted to the eastern zone of
the State panning two major areas. The first was in the
southern districts of Rajsamand, Udaipur, Dungarpur,
Banswara, and borders of Pali. The second area was
in the northeastern districts of Jaipur, Alwar, Sikar, and
Dausa. Both these areas constituted 50% and 22% of
all reported incidents, respectively. This spatial pattern
likely reflects habitat types and vegetation cover across
the eastern and the northeastern zones, which have
higher prey (wild and domestic) availability. The western
zone of the State consists of largely open, barren, desert
habitats, making it unsuitable for leopards, although,
very few records were present from some parts of the
western zone.

Telemetry studies of leopards from across their
global range suggest that their home ranges could
vary from 2 to 600 km? (average= 160km?, median=
54km?) (Simcharoen et al. 2008; Steyn & Funston 2009;
Weilenmann et al. 2010; Grey 2011; Stein et al. 2011;
Habib et al. 2014; Rozhnov et al. 2015; Fattebert et
al. 2016; Kittle et al. 2017). Considered together with
the fact that leopard cubs were found up to 104 km
away from the nearest protected area, our assessment
provides evidence in favour of resident, breeding
leopard populations in human-dominated areas of
the State. Studies in Karnataka and Maharashtra have
reported similar cases of resident leopard populations
in completely human-dominated areas (Athreya et al.
2013, 2015). Although most of the leopard-related
incidents we report were in the rugged, hilly areas of
the eastern region, some leopards were also reported
from the relatively open, arid western region, indicating
a rather widespread distribution of the species across
the State.

Analysis of the reportage indicated that 29% (n= 90)
was related to only leopard sightings. A total of 70%

(n=38) of the reports on livestock depredation involved
attacks on goats and calves, indicating that the leopards
are generally pursuing small or medium-sized domestic
prey. With respect to human victims, we found that
adult males accounted for 75% of all attacks. This may
be due to two reasons: first, men generally intervened
to ‘handle’ situations involving leopards in human-
use areas before the arrival of the forest department
personnel, and men were also more prone to the attacks
in the open ruckus created amidst a mob during rescue
operations; second, many attack incidents took place
when the victims were grazing their livestock, which is
almost always carried out by the men in the family. On
the other hand, young children were typically attacked
when they were asleep or were left unsupervised. Taken
together, 15 of the 120 attacks resulted in the death of
the victim, suggesting that loss of human life, although a
very grave issue, is not the norm.

There were many reports regarding the death
of leopards (n= 56), and among the known causes,
43% were because of road collisions on the state or
national highways. Similar results were found in a
study in Karnataka (Gubbi et al. 2014). Such linear
infrastructures, besides causing direct mortalities, can
also impact the gene flow of large carnivores like Tigers
and Leopards (Thatte et al. 2019; Jayadevan et al. 2020).
There is greater need to mitigate mortality due to linear
infrastructure and information of high leopard mortality
due to roads/railways from our analysis of media reports
shows the same for the state of Rajasthan. Based
on the district-wise maps of mortality we present,
mitigation measures such as increasing the number
of speed breakers, installing road signages of animal
crossing/presence and vehicle patrols at the national or
state highways may be implemented by management
authorities.

Locations with frequent physical captures of
leopards somewhat correlated with high numbers of
human and livestock attacks. Studies have shown that
removal of carnivores may increase conflict due to social
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disruption, and is also ineffective in reducing population
densities because new individuals immediately occupy
these vacant territories (Linnell et al. 1997). These new
individuals would further alleviate conflict situations
since they are not familiar with the area (Lindzey
et al. 1992; Cooley et al. 2009; Athreya et al. 2010).
Around 53% of the captures reported were carried out
following a leopard sighting (with no attacks on people
or livestock). Such removals, generally executed by the
forest department under media pressure, may affect the
attitude of local residents and generate more intolerance
towards leopards. We argue that removals which do
not involve any negative interaction among human and
leopards will not help mitigate conflict. Large carnivores
typically require large spaces, invariably creating some
overlap with human-use areas and it is highly important
to accept these dynamics at the policy and management
levels (MOEF Guidelines for human-leopard conflict
management 2011).

CONCLUSION

Our study provides some key insights on leopard
ecology and human-leopard interactions in the state
of Rajasthan. A more rigorous, field-based approach
in the areas of high conflict could have helped better
understand the socio-political and economical aspects,
while offering information on ecologically favourable,
leopard-friendly landscapes. Despite the limitations in
the overall scope because of the methods we chose,
our findings still offer a broad understanding of the
status of leopards at a state-wide scale. We show that
media reports can be used for quick and cost-effective
information to assess the spread of leopard incidences
across wide spatial scales. Leopards are widely
distributed across Rajasthan, and negative interactions
between people and leopards, although widespread, are
mainly in the eastern part of the State. The maps we
present can be useful for prioritizing management efforts
in managing leopard populations, conflict situations and
channeling monetary resources. Our results could serve
as a basis for wildlife managers and the government to
initiate a detailed assessment of leopard populations in
specific locations, focused on human-use landscapes.

Finally, the media acts as a frontier for disseminating
information to the public. Since, print media is the main
source of news across the State, it plays a key role in
shaping public perception towards wildlife. In our study,
it appeared to be portraying a level of conflict that was
higher than what data-based analysis revealed. A more

Chauhan et al.

responsible and measured reporting of leopard-related
incidents by the regional media outlets could go a long
way in bettering people’s perceptions towards and
acceptance of leopardsin shared landscapes. Considered
together, these multiple, interlinked strategies could be
helpful to adequately mitigate negative interactions
between humans and leopards, and aid in leopard
conservation in the long term.
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Bat diversity in the Banpale forest, Pokhara, Nepal during spring season
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Abstract: Bat research in Nepal is limited and most areas remain to be explored. Sparse research has been conducted in the Banpale
forest and to improve the understanding of bat diversity, an updated species checklist was prepared. Trapping surveys using mist nets
were conducted at four different locations in the forest from March to May 2018. This survey identified 55 individuals belonging to eight
species within eight genera and four families. Trapping locations near less disturbed forest edges and water resources were found to have
higher bat diversity compared to highly disturbed areas (e.g., landslides and logging areas). With information from survey and secondary
source, we conclude that Banpale forest harbours 10 of the 53 bat species found in Nepal. We recommend adopting practices to conserve
the forest from landslides and minimizing illegal logging to conserve bat forest habitats.

Keywords: Checklist, Chiroptera, edge, habitat, logging, trapping.
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INTRODUCTION 2019; Baniya 2018; Sharma et al. 2018a,b; Baniya et al.
2019) but most remain unpublished (e.g., in student

Bats (Chiroptera) are highly diverse (Hutson et al. theses). Adhikari (2008) and Giri (2009) reported 18
2001; Voigt & Kingston 2016) and found throughout the  bat species, 16 caves, and two roosting sites of Pteropus
globe, except in the Antarctic and a few oceanic Islands  giganteus (Brinnich, 1782) from the Pokhara valley.
(Mickleburgh et al. 2002). They provide many ecological  Pokhrel & Budha (2014) studied food habit of insectivore
and economic services such as pollination, seed species from Mahendra cave. Sharma (2016) conducted
dispersal, agricultural pest suppression, and material diet analysis of Pteropus giganteus from Chinnedanda
& nutrient distribution (Fujita & Tuttle 1991; Kunz et al.  and later Sharma et al. (2018b) reported colony shift
2011). Of the >1400 species of bats found worldwide to new location, Shantiban Batika. Recently, two
(Simmons & Cirranello 2021), 148 are reported from bat species—Eonycteris spelaea (Dobson, 1871) and
southern Asia (Srinivasulu et al. 2021). Rhinolophus luctus Temminck, 1834—were recorded

Research and conservation efforts in Nepal's for the first time in western Nepal from the Banpale
mammals are focused on large flagship vertebrates like  forest (Sharma et al. 2018a; Baniya et al. 2019). Further,
tigers, rhinoceros, elephants, and snow leopards, and  colony monitoring and effects of visitor disturbances
comparatively limited research has been conducted on  on Hipposideros armiger (Hodgson, 1835) have been
small mammals such as bats (Acharya et al. 2010; Khanal  studied in a bat cave, Pokhara (Baniya 2018; Sharma
& Baniya 2018). Thus, there has been limited evaluation =~ 2019). Although research and conservation attempts
of bat species diversity and status in Nepal (Csorba etal. = were made for bats of the Pokhara valley, actual species
1999; Hutson et al. 2001; Molur et al. 2002; Acharya &  richness is still unknown and requires enumeration.
Ruedas 2007; Baral & Shah 2008; Adhikari 2009; Acharya As Banpale forest lies within the boundary of the
etal. 2010; Jnawalietal. 2011; Pearch 2011; Thapa2014).  Institute of Forestry, Pokhara, it has been a hub for wildlife
Although the latest checklists enumerated 53 bat species  research and training programs. A few camera trapping,
from Nepal (Acharya et al. 2010; Thapa 2010), a few  butterfly, and bird surveys have been conducted in the
identifications were questioned, e.g., Sphaerias blanfordi  forest (Lama et al. 2013; Panthee et al. 2018, 2019);
(Thomas, 1891), Myotis siligorensis (Horsfield, 1855), however, extensive research predominantly focusing
and Rhinolophus subbadius Blyth, 1844 (Pearch 2011; on chiropterans is limited. Few occasional trapping
Thapa 2014). Similarly, species previously identified as  and acoustic surveys were conducted in the forest
Philetor brachypterus (Temminck, 1840) from southern  (e.g., Daniel 2007a,b; Adhikari 2008; Giri 2009; Lama et
Asia was also revised to be Mirostrellus joffrei (Thomas, al. 2013; Bhattarai 2019). These studies documented
1915) (Gorfol et al. 2020). While many parts of the a few bat species: Cynopterus sphinx (Vahl, 1797),
country are largely unexplored for bat research, recently  Pteropus giganteus, Rhinolophus affinis Horsfield, 1823,
a few expedition surveys have documented new species,  Rhinolophus subbadius, Kerivoula picta (Pallas, 1767),
e.g., Thapa et al. (2012a) recorded Scotozous dormeri  Pipistrellus pipistrellus (Schreber, 1774), Pipistrellus
Dobson, 1875 from Koshi Tappu Wildlife Reserve; coromandra (Gray, 1838), Miniopterus pussilus (Dobson,
Sharma et al. (2019) recorded Tylonycteris fulvida (Blyth, ~ 1876). This study was carried out to assess bat species
1859) from Kushma, Parbat and Sharma et al. (2021) diversity and update the valid bat checklist in the
recorded Tadarida teniotis Rafinesque, 1814 from Kali  Banpale forest.
Gandaki canyon. Incorporating species revisions and
recent findings, we ensure a current count of 53 valid
bat species in Nepal. MATERIALS AND METHODS

Due to favourable climatic and topographical
features, Pokhara has several caves, lakes, gorges, Study area
forests, and agricultural farms which provide suitable The study was conducted in Banpale forest, Institute
habitats for diverse bat species (Koju & Chalise 2012). A of Forestry, Pokhara, Tribhuvan University (28.18°N,
few exploration attempts were made in Pokharavalleyin ~ 83.99°E), south-west of Pokhara metropolitan city-
the late 20" century (Abe 1971; Bates & Harrison 1997, 15. The institution covers 15ha of campus premises
Csorba et al. 1999). Since then, other studies were and 31.85ha of forest patches. The study site ranges
conducted (Acharya 2006; Phuyal & Dhoubhadel 2006;  from 750-915 m (Figure 1). Banpale forest is pristine
Rajchal 2007; Adhikari 2008; Giri 2009; Bista 2011; Koju  subtropical mixed forest dominated by Schima wallichii
& Chalise 2012; Pokhrel & Budha 2014; Sharma 2016, and Castanopsis indica. Other speciesinclude, Madhuca
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indica, Diospyrus melabaricum, Dalbergia sisso, Michelia
champaca, Bambusa sp., and Albizia sp. A total of 112
florae species have been reported from the area (Bhatta
2011). It is surrounded by the agricultural and grazing
lands, shrubs & human settlements in the north, south
& east, and gorges, crevices, rocky slopes, river &
landslide areas in the west. Average daily temperature
in the valley ranges 25-33 °C in summer and -2-15 °Cin
winter (Kansakar et al. 2004) and receives mean annual
precipitation of <3,000mm (Khanal 1995).

METHODS
Trapping survey

The forest was divided into four different trapping
sites; site A (28.188°N, 83.988°E), site B (28.186°N,
83.990°E), site C (28.186°N, 83.989°E), and site D
(28.192°N, 83.984°E), and surveyed randomly once in 15
days from 15 March to 15 May 2018. In each site, two
sizes of mist-nets (height 2.6m, length 4m and 6m, and
38mm mesh) were deployed >30cm from the ground
level. Mist-nets were left open from 18.00 to 22.00 h
with continuous inspection at 10-minute intervals to

Bhattarai et al.

avoid serious entanglement of captured bats.

Morphometric measurement of bats

Vernier calipers (0.01lmm accuracy) were used to
record external morphometric measurements. The
measurements taken include the head and body length
(HBL), forearm length (FA), ear length (EL), tail length
(TL), hind foot length (HF), and tibia length (TIB) (Bates
& Harrison 1997). The body weight (BW) was measured
using a pesola spring balance (1g accuracy). Bats were
released after identifying their sex and age (Kunz &
Parsons 2009) and capturing a few close up photographs
with minimal disturbance. Aggressive and difficult to
handle bats were released as soon as possible after
identification. No voucher specimens were collected
and no genetic analysis was performed during the study.

Identification of bats

Captured individuals were observed for key
morphological characteristics. Identification was based
on the morphological measurements (Table 1) and
comparing photographs using available reference guides

Figure 1. Map of study area showing four different sites at Banpale forest, Pokhara, Nepal. Note: A, B, C, D indicates different trapping sites
inside Banpale forest where “A” is near the water resource in the middle of the forest; “B” is forest trail near the edge between forest, college
quarter, and nursery; “C” is edge between forest and human settlements and “D” is near a landslide area.
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and morphological keys (Bates & Harrison 1997; Acharya
et al. 2010; Srinivasulu et al. 2010; Menon 2014).

Secondary data collection

Several published and unpublished reports, journal
articles, newsletters, student thesis, and websites were
reviewed to update the valid bat checklist in the Banpale
forest.

Data analysis

Shannon diversity index (H) (Shannon & Wiener
1949) was calculated to understand species diversity in
different trapping sites.

Shannon index (H) =—2 p/lnp,

S
Where p.= —
p, N

S = Number of individuals of one species
N = Total number of individuals captured
In = Logarithm to base e

Pielou’s evenness (J) was calculated to compare the
actual diversity value (the Shannon index, H) to the
maximum possible diversity value (when all species are

equally common, H__ = InS).
H H
J=—— Or ——
H InS

max

Where H = Shannon index value
H_ .. =Maximum possible diversity value
S = Total number of species

RESULTS

Altogether 55 individuals were captured from four
family and eight genera. Among them, eight bat species
were identified while 10 individuals of Pipistrellus sp.
remained unidentified to species level (Table 1, 2). Most
of the captured species belonged to family Pteropodidae
(3) and Vespertilionidae (3), followed by Rhinolophidae
(2); only one species of Hipposideridae was recorded
(Table 1). Cynopterus sphinx was the most captured
(42%) followed by Pipistrellus sp. (18%), Rousettus
leschenaultii  (13%), Hipposideros armiger (9%),
Rhinolophus affinis (9%), and Nyctalus noctula (3.6%);
Eonycteris spelaea, Rhinolophus luctus, and Myotis
sicarius were each captured once (Table 2). Although
Pteropus giganteus was uncaptured, it was observed
travelling to fruiting sites through the edge of Banpale
forest around 18.45h hours during the study period.

Bhattarai et al.

Most of the bats were captured from site A (49%)
followed by site B (36%), whereas only 9% of bats were
captured from site C, and lowest 5.5% from site D (Table
2). Although site B was the second most captured site,
bat diversity and evenness were highest among other
sites (H= 0.37, J= 0.17) followed by site A (H= 0.35, J=
0.16), site C (H=0.22, J= 0.10), and lowest in site D (H=
0.16, J= 0.07) (Table 2). The overall bat diversity of the
forest was 1.1 and evenness was 0.5 (Table 2).

Based on the survey and literature review, the study
confirmed and updated checklist of 10 bat species from
the Banpale forest (Table 3). Out of these, four species
are Pteropodidae belonging to four genera (Cynopterus,
Eonycteris, Pteropus and Rousettus), three are
Vespertilionidae with three genera (Pipistrellus, Myotis
and Nyctalus), two are Rhinolophidae with genera
Rhinolophus, and one Hipposideridae with genera
Hipposideros (Table 3).

DISCUSSIONS

Of 10 bat species identified in this study, all (4) fruit
bat species of Nepal were documented from the Banpale
forest. At least one fruit bat was captured from each
trapping site, reflecting their high activity in the forest.
Cynopterus sphinx was captured the most, whereas
Eonycteris spelaea was captured only once. Apart
from forest vegetation, Banpale is also surrounded by
several varieties of fruits inside the Institute of Forestry
premises, e.g., Diploknema butyracea, Diospyros
malabarica, Psidium guajava, Magnifera indica, Bombax
ceiba, Elaeocarpus sphaericus, Litchi chinensis, Musa
sp., Oroxylum indicum and Neolamarckia cadamba.
These fruit plants are the most preferable diet for
fruit bats in Nepal (Sharma 2016), whereas species
like Musa sp., and Schima wallichii, abundant in the
forest, are preferred roosts for the tent making bat,
Cynopterus sphinx (Acharya et al. 2010). As Pteropus
giganteus, whose nearby colony is 3.1km away, was
observed travelling through the edge of the forest for
foraging, perhaps cave dwelling bat species; Rousettus
leschenaultii and Eonycteris spelaea also use Banpale
forest as foraging route, as there is no cave in the forest
(Sharma et al. 2018a). Similarly, the foliage roosting bat
Cynopterus sphinx may use the forest as roosting site,
since it has smaller foraging range (Marimuthu 1998;
Nair et al. 1999) and was previously recorded roosting
in Schima wallichii in the forest (Giri 2009). The forest
vegetation is likely to host suitable roosting sites for this
species. Hence, the varieties of food resources around
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Table 1. Morphometric measurements of captured bats from the Banpale forest, Pokhara, Nepal. Range value (r), mean value (m) and standard
deviation (sd) value of each morphometric measurements (in mm); forearm length (FA), head-body length (HBL), hindfoot length (HF), ear
length (EL), tail length (TL), tibia length (TIB), and body weight (BW) (in gm) of each species is provided in brief. “n” indicates total number of
individuals measured and remarks includes key identifying feature of the species.

Pteropodidae Rhinolophidae Hipposideridae Vespertilionidae
Species Cynopterus Eonycteris Rousettus Rhinolophus | Rhinolophus Hipposideros Nyctalus Myotis Pipistrellus
sphinx Spelaea leschenaultii affinis luctus armiger noctula sicarius sp.
Measurements (n=23) (n=1) (n=7) (n=15) (n=1) (n=15) (n=2) (n=1) (n=10)
r=59.3-69.3 r=75.1-84.2 | r=52.3-53.8 r=83.7-86.5 | r=53.5-55.3 r=27.8-28.8
FA m=64.9 713 m=79.1 m=52.9 70.5 m=84.8 m=54.4 46.4 m=28.3
sd=3.6 sd=4.0 sd=0.7 sd=1.3 sd=1.3 sd= 0.4
r=83.1-99.6 r=95.5-114.2 | r=60.7-62.9 r=91.5-94.6 | r=72.5-73.2 r=40.2-44.9
HBL m=91.7 99.5 m=104.4 m=61.6 81.7 m=92.5 m=72.9 57.0 m=42.9
sd=5.4 sd=8.1 sd=1.0 sd=1.4 sd=0.5 sd=2.0
r=10.5-14.1 r=15.1-17.3 r=7.9-9.3 r=13.1-15.1 | r=10.1-10.5 r=5.1-5.8
HF m=11.9 17.9 m=16.1 m=8.4 16.3 m=13.9 m=10.3 15.8 m=5.4
sd=1.2 sd=0.8 sd=0.8 sd=0.9 sd=0.3 sd=0.3
r=18.3-24.1 r=14.5-18.8 | r=13.9-15.5 r=24.1-29.7 | r=14.1-14.8 r=8.1-9.5
EL m=21.3 19.9 m=17.1 m=14.6 34.2 m=26.3 m=14.5 15.0 m=8.8
sd=2.1 sd=1.6 sd=0.8 sd=2.5 sd=0.5 sd=0.6
r=7.7-18.1 r=9.8-14.3 | r=22.1-24.5 r=52.8-56.8 | r=42.9-45.1 r=27.5-30.1
TL m=12.0 10.6 m=12.5 m=23.1 40.2 m=54.2 m=44.0 56.5 m=28.7
sd=3.4 sd=1.9 sd=1.1 sd=1.8 sd=1.6 sd=1.0
r=25.1-28.5 r=35.1-41.6 | r=22.8-24.1 r=36.6-40.8 | r=19.3-19.7 r=10.6-11.5
TIB m=27.3 29.5 m=38.7 m=23.3 36.8 m=38.3 m=19.5 17.4 m=11.0
sd=1.2 sd=2.5 sd=0.6 sd=2.0 sd=0.3 sd=0.4
r=38.3-78.1 r=85.5-98.1 | r=15.4-16.3 r=52.5-55.6 r=23.5-24.3 r=9.6-11.6
BW m=61.7 68.0 m=90.9 m=15.8 31.4 m=53.9 m=23.9 11.2 m=10.4
sd=13.1 sd=4.4 sd=0.4 sd=1.4 sd=0.6 sd=0.8
resence presence
P . presence of four larger than naked
presence of presence of of claw ear is short, X . oL
R A of circular supplementary | other species hair tips at muzzle,
white ear anal glands; on second horseshoe is . X
X S basal lappets; leaflets in of Nyctalus, the belly ear is short
Remarks margin on absence digit; pinnae broad. . : . .
. . long, dark noseleaf with ear is short are ginger in and broad,
both sides of of claw on margins less . X K
- and woolly outer leaflet and tragus is colour. antitragus is
ear. second digit. | marked than e
. pelage. distinctively club shape. obsolete.
C sphinx.
smaller.

Table 2. Comparison of species abundances and bat diversity in four different trapping sites at Banpale forest; A, B, C and D. “m” represents
total number of male captured, “f” as female captured and “j” as juvenile. “0” indicates no capture.

::Jt:'s:ies A B c D Total Relative (?}!:)undance
Cynopterus sphinx 11 8 2 2 23 (m=38,f=12,j=3) 41.81
Eonycteris spelaea 0 1 0 0 1(m=1) 1.82
Rousettus leschenaultii 4 2 1 0 7(m=3,f=3,j=1) 12.73
Rhinolophus affinis 2 2 0 1 5 (m=3, f=2) 9.09
Rhinolophus luctus 1 0 0 0 1(m=1) 1.82
Hipposideros armiger 3 2 0 0 5(m=3, f=2) 9.09
Nyctalus noctula 1 1 0 0 2 (f=2) 3.64
Myotis sicarius 0 1 0 0 1(f=1) 1.82
Pipistrellus sp. 5 3 2 0 10 (m=4,f=5,j=1) 18.18
Total 27 20 5 3 55 100
Capture percent (%) 49.09 36.36 9.09 5.45

Diversity (H) 0.35 037 0.22 0.16

Evenness (J) 0.16 0.17 0.10 0.07
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Table 3. Updated bat checklist of Banpale forest, Institute of Forestry, Pokhara, Nepal. “LC” indicate least concern, “DD” as data deficient, and

“VU” as vulnerable.

. . . IUCN National
Species name Common name Nepali name Family Sources
status status
. Greater Short-nosed N N . this study; Giri 2009;
1 Cynopterus sphinx Fruit Bat T TR Pteropodidae LC LC Bhattarai 2019
2 Eonycteris spelaea Dawn Bat fafay ==y Pteropodidae LC DD ';I'(\)li;udy; Sharma etal.
3 Pteropus giganteus Indian Flying Fox I, IS =AHA Pteropodidae LC LC this study
4 Rousettus leschenaultii Leschenault's Rousette HET 7G0T Pteropodidae LC LC this study
. - Intermediate Horse- TR HTgATe . . ) .
5 Rhinolophus affinis shoe Bat R Rhinolophidae LC LC this study; Giri 2009
6 Rhinolophus luctus Great Woolly Horse- W CIEGIES Rhinolophidae LC LC this study; Baniya et al.
shoe Bat T 2019
7 Hipposideros armiger S;izz b-élarrt]alayan Leaf- AT AT =HA Hipposideridae LC LC this study; Adhikari 2008
8 Nyctalus noctula Common Noctule A Vespertilionidae LC DD this study
N - P N
9 Myotis sicarius Mandelli's Mouse . = Vespertilionidae VU VU this study
eared Bat =THT
10 Pipistrellus Coromandel Pipistrelle | F==r =#:T Vespertilionidae LC LC Daniel 2007a,b
coromandra N

Banpale could be the key reason for high species capture
from family Pteropodidae and availability of roosting
vegetation for most capture of Cynopterus sphinx. The
only record of Eonycteris spelaea could be due to rarity;
it is ‘Data Deficient’ in the National Red List (Jnawali et
al. 2011) and occasionally reported from Nepal (Sharma
et al. 2018a).

Of the six insectivorous bat species, three belong
to the Vespertilionidae family, two to Rhinolophidae,
and one to Hipposideridae. Although Pipistrellus sp.
has remained unidentified, we can extrapolate the
unidentified species to be Pipistrellus coromandra,
previously recorded in the forest by Daniel (2007a,b);
however, its morphological measurements, distribution
ranges, and echolocation parameters overlap with
Pipistrellus javanicus (Srinivasulu et al. 2017). Further
genetic analysis or cranio-dental characteristics is
required for confirmation. It is also the most captured
insectivore. High capture from the forest could be
due to its diverse roosting and feeding habits; as it is
found to roost in a wide variety of roost sites such as
tree cavities, buildings, rock cervices, cracks in walls,
beneath slates, and within cavity walls (Avery 1991;
Jenkins et al. 1998), which are prominent in and around
the forest and provide varied habitats (Russo & Jones
2003). Other two vesper bat species were Nyctalus
noctula and Myotis sicarius. Nyctalus noctula is a high
elevation bat (Acharya et al. 2010) and little is known
about its distribution, hence it is considered ‘Data
Deficient’ in the National Red List (Jnawali et al 2011).
Seasonal migration is common to some high elevation

bats, especially to the female population to escape from
seasonally harsh weather conditions, scarcity of foods,
and to find suitable roosts in milder climate (Fleming
& Eby 2003). Female Nyctalus noctula also undergo
seasonal migration in the lower elevational regions
during winter (Furmankiewicz & Kucharska 2009). Here
both captured females during March suggest they could
be migratory individuals. Likewise, Myotis sicarius is
‘Vulnerable’ globally (Srinivasulu & Srinivasulu 2019) as
well as nationally (Jnawali et al. 2011) and endemic to
southern Asia (Bates & Harrison 1997). It is generally
found in hilly forests and faces massive threats due to
habitat alterations and deforestation, and hence is only
known to be present in protected areas and forests
(Molur et al. 2002). Low capture of these two species
could be due to their rarity. Even though Hipposideros
armiger and Rhinolophus affinis are mainly cave dwellers,
a few individuals were captured from the forest. Both of
these species are widespread throughout Nepal, roost
on a wide variety of sites (caves, tunnels, old houses,
and temples; Acharya et al. 2010), and feed on a diverse
array of insects (Zubaid 1988). As there is no cave in
the forest, they might use tree cavity or rock cervices
as a roosting site or use the forest as a foraging ground.
Only one individual of Rhinolophus luctus was captured
throughout our study period. It is solitary and roosts
in several roost types; old houses, tree cavities, tunnel,
mines, holes, and caves (Csorba et al. 2003; Baniya et
al. 2019). Perhaps due to its lone roosting behavior and
variety of preferred habitats, it was captured only once
from the forest. Further, the availability of roost sites
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and high insect abundance (Racey & Swift 1985; De Jong
& Ahle’'n 1991; Jenkins 1998) could be the main reason
for the presence of these insectivorous bats in the forest.

Bat species diversity and richness were unevenly
distributed within the Banpale forest. Site B was the
most diverse with eight species recorded, followed by
Site A with seven, while sites C and D had three and
two species, respectively. Site B is located in the forest
trail near the edge between forest, college quarter, and
nursery site, and is relatively less disturbed compared
to sites C and D. Likewise, site A was near the water
resource in the middle of the forest, which may account
for high bat density. Anthropogenic disturbances
such as illegal logging were prominent in site C (edge
between forest and human settlements), and site D was
located near a landslide area which may account for
low bat diversity. In consonance with these findings,
bat diversity was also found to decrease due to logging
activities (Danielsen & Heegaard 1995; Brosset et al.
1996; Clarke et al. 2005; Meyer et al. 2016; Sharma et al.
2018b), and landslides (Vanlalnghaka 2013). Bat species
diversity and composition in forests have been studied
from different parts of the world (Korad et al. 2007;
Loayza & Loiselle 2009; Shafie et al. 2011; Thapa et al.
2012b; Deshpande 2012; Korad 2014, 2018; Tshering et
al. 2020).

Revision of bat species from the Banpale forest

A few species have previously been reported
from the Banpale forest. Daniel (2007a,b) reported
Pipistrellus coromandra, and later Adhikari (2008)
supported this finding. Giri (2009) reported Cynopterus
sphinx, Rhinolophus affinis, and Pipistrellus pipistrellus;
however, the existence of Pipistrellus pipistrellus has
not been documented from Nepal (Acharya et al. 2010;
Thapa 2014); moreover, occasionally reported from
southern Asia (Hutson et al. 2008). This report lacks
photographic evidence, and we suggest the species
identified could have been Pipistrellus coromandra,
reported earlier by Daniel (2007a,b). Cynopterus sphinx
was reported earlier by Bhattarai (2019) as well as Baniya
et al. (2019) and this study also supports the record of
both Cynopterus sphinx and Rhinolophus affinis from
the forest. Lama et al. (2013) reported Rhinolophus
subbadius, Kerivoula picta and Miniopterus pussilus
based on unpublished secondary data. An occurrence of
Rhinolophus subbadius is doubtful from Nepal (Csorba et
al. 2003; Thapa 2014). Kerivoula picta has been recorded
only from two locations, Chitwan and Shuklaphanta
national parks (Myers et al 2000; Poudyal et al. 2019),
and most probably distributed in lower elevated areas of

Bhattarai et al.

Nepal, i.e., Terai regions. Miniopterus pussilus is ‘Data
Deficient’ nationally (Jnawali et al. 2011) but recorded
from Pokhara valley (Bates & Harrison 1997). Due to
unpublished sources, lack of photographic evidence,
and taxonomic details, we also doubt the record of
these species from the forest. Pteropus giganteus was
observed flying through the edge of the forest; foraging
in the forest, and an electrocuted individual was also
sighted inside the campus premises. Further, Rousettus
leschenaultii was recorded by Acharya, P.R. (as personal
communication), Eonycteris spelaea by Sharma et al.
(2018a) (part of this study), and Rhinolophus luctus by
Baniya et al. (2019). Both Rousettus leschenaultii and
Rhinolophus luctus were also recorded during our study
period. Here, we represent the first record of Eonycteris
spelaea from the Banpale forest and western Nepal
as well as fourth record for the country (Sharma et al.
2018a); the first record of Nyctalus noctula and Myotis
sicarius from the Banpale forest and second record from
the Pokhara valley; previously recorded at Sudame by
Csorba et al. (1999); the first record of Hipposideros
armiger; second record of Rousettus leschenaultii and
Rhinolophus luctus from Banpale forest. The record
of these species from the forest indicates that they
might have been overlooked during previous mammal
researches or sparse and inconsistent bat surveys in
the forest. All of these findings sum up a total of 10 bat
species from the Banpale forest.

CONCLUSION

Comprehendingour study and data, we can generalize
the Banpale forest to be rich in bat diversity harbouring
either roosting habitat or foraging grounds for both fruit
dependent as well as insect dependent bats. Availability
of fruits, good insect abundance, and the presence of
edges, water resources, crevices, and cavities might be a
vital reason for high bat diversity in the forest. Based on
survey efforts and literature, we confirmed the record of
10 species of bats in the forest, indicating relatively high
density in terms of its geographic extent. Bat diversity in
the forest was noted to vary among sites, with maximum
diversity near the forest edge, water resources and less
disturbed areas, and lower diversity in the landslide
and logged areas. Hence, this study recommends the
campus committee adopt practices to conserve the
forest from landslides and minimize illegal logging. This
study did not capture bats from high tree canopies nor
record echolocation calls, and was limited to only two
months. Surveying of bats throughout the year with the
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Image 1. Eonycteris spelaea Image 2. Rousettus leschenaultii

Image 3. Cynopterus sphinx Image 4. Pteropus giganteus
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Image 5. Rhinolophus luctus Image 6. Rhinolophus affinis
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Image 7. Hipposideros armiger
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Image 9. Nyctalus noctula

use of trapping as well as acoustic devices will provide a
better understanding of seasonal species composition in
the forest, and can lead to new information and findings
to guide conservation efforts.
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Abstract: The Greater Adjutantis an IUCN Red List ‘Endangered’ scavenging stork. This study reports the findings of post-mortem, histopathology,
and a series of microbiological tests conducted on the Greater Adjutant that died in Deeporbeel Wildlife Sanctuary, Assam. A post-mortem
examination revealed extensive nodule forming parasitic (Balfouria monogama) infestations in the stomach and intestine. Generalised
congestion and haemorrhages in multiple organs were also revealed by the histopathological findings. Bacteriological culture detected the
presence of Escherichia coli, Enterococcus sp., and Clostridium perfringens (C. perfringens was confirmed by cpa gene PCR). Virus detection
tests like HA and Hl test for NDV and rapid antigen detection test for Avian Influenza virus were found to be negative; however, PCR of tissue
samples from two Greater Adjutants for Flavivirus was found to be positive. Greater Adjutants may carry the above bacteria as commensals in
their Gl tract and may possibly act as a reservoir of Flavivirus. The actual cause of deaths, however, were confirmed by the forensic report to
be due to organophosphorus toxicity.
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Patho-microbiological study of Greater Adjutant

INTRODUCTION

The Greater Adjutant Leptoptilos dubius is a member
of the stork family Ciconiidae. The world population
was estimated at less than 1,000 individuals in 2008
and led to the Greater Adjutant being upgraded as
‘Endangered’ on the IUCN Red List of Threatened
Species (BirdLife International 2016, 2019). The bird,
has now been confined only to Cambodia and in Assam
and Bihar in India. Kamrup District in Assam is known
to be a stronghold of the species, with almost 75% of
its population in Assam found in this district (BirdLife
International 2016).

Greater Adjutants being massive in their stance,
have sparse natural predators and the only recorded
causes of premature mortality are due to the direct or
indirect actions like nest falls, malicious man-made acts
like poisoning, shooting, and rarely electrocution when
the birds accidentally fly into overhead electricity wires
(Singha et al. 2003; Birdlife International 2016). The
Greater Adjutant feeds partly on carrion, especially at
refuse dumps and also hunts small live animals in typical
stork fashion, by walking slowly in marshes and shallow
waters, lakes, and agricultural land (Grimmett et al.
2016).

There was an unprecedented death of about 30
numbers of Greater Adjutants in the Deeporbeel
Wildlife Sanctuary, Assam, mainly confined to a
garbage dumping site from 22 January to 3 February,
2017. A forensic report by the Directorate of Forensic
Sciences, Govt. of Assam confirmed the cause of
deaths to be due to organophosphorus (OP) toxicity
(Report No. DFS.1192/164/Tox-61/17). Here, a patho-
microbiological study of tissue samples of the Greater
Adjutant was done for the screening of a possible
association of bacteria and viruses to the cause of death
of the Greater Adjutant, besides OP toxicity. Screening
for the possibility of the presence of zoonotic viruses,
especially Flavivirus in the Greater Adjutants was also
carried out in this study.

MATERIAL AND METHODS

Post-mortem examination and sample collection: A
post-mortem (PM) was done on six Greater Adjutants,
and samples like heart, blood, and tissue samples
from all the vital organs were collected aseptically for
both bacteriological and virological screening. Tissue
samples were preserved in 10% formalin for the
histopathological studies. Appropriate tissue samples
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like intestinal loop, pieces of liver, pieces of brain, and
body fats were collected in saturated salt solution and
sent to the Directorate of Forensic Sciences, Govt. of
Assam for examination.

Histopathology: Histopathological examination
of the tissue samples were carried out with routine
hematoxylin and eosin (H&E) stain as per the standard
procedure (Culling 1974).

Microbial screening tests: For the bacteriological
screening, PM samples from all the birds were subjected
to aerobic (in brain heart infusion agar and eosin
methylene blue agar) and anaerobic bacterial isolation
(in blood agar), at 37°C for 24 hours and observed for
cultural characteristics and gram staining was done for
differentiation of gram positive and negative bacteria.
For the virological screening, homogenised tissue
samples were inoculated in nine days old embryonated
chicken eggs for isolation of probable viral etiology.
Viral haemagglutination (HA) and haemagglutination
inhibition (HI) test was carried out using known serum
and 4HA unit of the antigen. Procedure for HA and Hl test
was done according to standard protocol (OIE terrestrial
manual 2015a,b). Screening for avian influenza virus
was done using rapid antigen detection technique from
lung, spleen, and cloacal swabs (OIE terrestrial manual
2015a).

Molecular diagnosis

Polymerase chain reaction (PCR) for Clostridium
perfringens targeting cpa gene: PCR was done for
confirmation of the anaerobic bacterial culture using
specific primers cpa (Titball et al. 1999) targeting alpha
toxin of Clostridium perfringens. The sequence of the
primers are Forward: 5'-GCTAATGTTACTGCCGTTGA-3’,
and Reverse: 5’- CCTCTGATACATCGTGTAAG-3’. PCR
cycling conditions were: 95°C for 5 min for 1 cycle, 94°C
for 30 sec, 53°C for 1.30 min, 72°C for 1.30 min for 40
cycles and final extension of 72°C for 7 min, with 25ul
of total PCR reaction volume comprising 12.5ul of PCR
mastermix, 1ul (10 pmol) forward primer, 1ul (10 pmol)
of reverse primer, 2ul of DNA template and 8.5 ul of
nuclease free water (NFW). Bacterial colony DNA was
extracted by using heat and cold lysis method.

PCR for screening of Flavivirus: Screening for
flavivirus was done by PCR using universal primer
targeting flavivirus genus. The flavivirus universal primer
sequences are: DJS (+) : 5 —GACATGGGGTATTGGAT-3’
and DJA (-) : 5-TCCATCCCATACCTGCA-3’' (Meiyu et
al. 1997) with positive band size at 413bp. The PCR
conditions were run according to Meiyu et al. (1997).
RNA extraction from the suspected tissue samples (Table
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no. 1) were done using Qiagen RNA extraction kit. cDNA
was prepared by PCR in two steps, first step by using 11pl
RNA sample, 1ul random hexamer primer and incubated
at 65°C for 7 minutes, then the second step by adding RT
buffer (5x) 4ul, dNTP mix (10mM) 2ul, RT enzyme (200
units/ul) 1pl, RT inhibitor (40 units/ul) 0.5ul, NFW 0.5ul
and incubated in PCR for one cycle each at 25°C for 5
min, 42°C for 1 hr and 72°C for 10 minutes. The cDNA
obtained was finally subjected to PCR using Flavivirus
universal primer set. A 25ul reaction volume was made
adding 6 ul cDNA, 12.5ul master mix (Thermoscientific),
1ul each of forward and reverse primer (25 pmol), 4.5ul
NFW and then subjected to PCR conditions as following:
one cycle of initial denaturation at 94°C for 5 min, 30
cycles of subsequent denaturation, annealing and
extension at 93°C for 40 sec, 55°C for 45 sec, 72°C for
60 sec, respectively and a final extension step at 72°C
for 10 min.

RESULTS

None of the affected birds survived, despite the
supportive treatment. Post-mortem findings of most
of the dead Greater Adjutants (n= 6) showed congested
brain (Image 1), mild hepatomegaly (Image 2), and
splenomegaly, congestion, & haemorrhage of lungs
(Image 3) & intestine (Image 4). There were presence
of nodule forming trematode parasites (Balfouria
monogama) inside the nodules under mucosal and sub-
mucosal layer of proventriculus, gizzard, and intestine
(Image 5, 6). The stomach also contained partially
digested food materials.

Microscopically in the brain, there were purkinje
cell degeneration, heterophilic infiltration in the
parenchyma, severe congestion, haemorrhages and
perivascular oedema (Image 7). In the liver, there
was degeneration and necrosis of hepatocytes with
congestion, focal haemorrhages, and hemosiderosis.
The vascular walls were thickened with perivascular
infiltration of lymphocytes and macrophages with
lymphoid nodules formation at some places, and fibrous
tissue proliferation were also observed (Image 8). In the
lung, there was severe congestion and haemorrhages
throughout the lung parenchyma (Image 9). In the
intestine, necrotic desquamated epithelial debris of
intestinal epithelium were seen. The mucosal and
submucosal layer showed lymphoid proliferation. Some
of the follicles showed lymphoid depletion. In some
areas depleted follicles were replaced by reticular fibre.
In the kidney, the renal tubular epithelial cells were
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severely necrotic with focal haemorrhage and atrophy
of glomerulus were seen. Cystic dilation of some of the
tubules in the medullary part were also observed (Image
10).

Bacterial culture in specific media showed bacterial
growth in both aerobic and anaerobic bacterial cultures
from different organs at 37°C for 24 hours. Results from
gram staining of the isolates from different organs has
been given in Table 1; however, no bacterial growth
was observed from heart blood. Bacterial cultures
from stomach and intestinal contents were found to be
positive for C. perfringens in PCR targeting cpa gene,
giving a band size of 324bp (Image 11). Cultures of E.
coliisolated from different organs showing characteristic
metallic sheen in the EMB agar, also characteristic gram-

1 2
3 4
5 6

Image 1-6. Gross Lesion: 1—Congestion in brain (—) | 2—Enlarged
liver (— rounded edge) | 3—Congestion and haemorrhage in lung (
=) | 4—Congestion and haemorrhage in intestine (—) | 5 & 6—
Parasitic infestation in gizzard (—). © B. Dutta. P. Kakati & D. Brahma
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Image 7-10. Histopathological lesions (under 400x magnification): 7—Congestion (C) and degeneration of purkinje cells (—) in brain | 8—
Degeneration and necrosis of hepatocytes with congestion, focal haemorrhages (HA) and hemosiderosis (H) in liver | 9—Congestion and
haemorrhage (HA) in lung | 10—Atrophy of glomerulus (A), necrotic renal tubular epithelial cells with focal haemorrhage in kidney. © B. Dutta

Table 1. Results of organ-wise bacterial and viral detection tests.

Samples (n=6)
Tests/Organisms Brain Lung Spleen Liver :;i: Kidney Intestine SC::::::]

Clostridium perfringens -ve -ve -ve -ve -ve -ve 2 2

g g Escherichia coli -ve 4 3 3 -ve -ve 6 6

E § Enterococcus sp. -ve 2 -ve -ve -ve -ve 6 6
Other unidentified bacteria -ve -ve -ve -ve -ve 2 6 6

c Egg inoculation

o

g @ HA/HI for NDV -ve -ve -ve -ve -ve Not done Not done | Not done

§ § Rapid antigen test for Avian

2 influenza

= PCR for Flavivirus 1 2 2 Not done Not done Not done Not done Not done

positive diplococci, i.e., Enterococcus spp. were detected
in gram staining. Besides these, some other bacteria
were also present which were unidentified.

Out of the tests for detection of virus, the samples
from the two Greater Adjutants were found positive for
genus Flavivirus by PCR using Flavivirus universal primer
giving a band size at 413bp (Image 12). All the samples

were found to be negative for avian influenza virus by
rapid antigen detection test. Samples were also negative
for New Castle Disease Virus (NDV) in Hemagglutinin
(HA) and Hemagglutinin inhibition (HI) tests. Details of
bacteria and virus detected from different organs are
given in Table 1.
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Image 11. PCR for Cl. perfringens (cpa gene) from tissue samples of
Greater Adjutant Stork. M= Marker (1kb), L1-L4= bacterial culture
from intestine and stomach content, L5= negative control

DISCUSSION

Poisoning is a malicious act which causes toxicity
and death of both domestic as well as wild animals.
Accidental poisoning or toxicity cases may also occur
due to consumption of contaminated food waste
from garbage dumping sites. This study reports the
case of OP toxicity in the Greater Adjutants, found
dead in the Deeporbeel area, Guwahati, Assam. The
histopathological findings of the multiple internal organs
like the brain, lung, liver, kidney in our study, showing
overall congestion and haemorrhages similar to the
histopathological lesions of OP toxicity reported by other
studies (Harith 2009) and in the literature (Smith et al.
1972). The storks that died of OP toxicity might have
consumed some food waste from the garbage dumping
site, contaminated by OP. Poisoning of small wetlands
to catch fish in the dry forests of northern and eastern
Cambodia potentially poses a significant threat, and in
Guwahati, pesticide use at open rubbish dumps where
storks flocked to feed led to several mortalities in 2005
(BirdLife International 2016).

The Greater Adjutants being natural scavengers,
survive on the dead and decaying matters besides their
feeding habits on amphibians and fishes in shallow water
bodies and paddy fields (Grimmett et al. 2016). They
have chances of exposure and infestation to intestinal
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Image 12. RT-PCR for Flavivirus from tissue samples of Greater
Adjutant Stork. M= marker (1kb), L1-L6= tissue samples.

parasites besides many pathogenic microorganisms.
Similar to our case, Islam et al. (2009) reported Balfouria
monogama as a highly pathogenic nodule forming
parasite and caused extensive nodules on the wall of
small intestine of a juvenile male Greater Adjutant,
grossly visible from serosal surface, with presence
of 1-2 adult parasites and necrotic masses in each
nodule. Besides, some bacteria were also isolated and
identified in our case study. The bacteria C. perfringens,
a gram-positive, spore-forming, non-motile anaerobe
ubiquitous in the environment, being found in the soil,
in decaying organic matter and as a member of the
normal gut flora of many animals that causes a variety of
diseases in humans, including gas gangrene (Clostridial
myonecrosis), enteritis necroticans (Pigbel), acute food
poisoning, and antibiotic associated diarrhoea (Titball
et al. 1999; O’Brien & Melville 2004). As detected in
this case, C. perfringens may be found as commensal
in these scavenging birds; however, the presence of
the bacteria C. perfringens may have aggravated the
condition of necrotic enteritis in the storks. Besides,
E. coli, gram-negative bacteria and Enterococcus sp.,
gram-positive bacteria are also found as commensal in
the Gl tract of most animals and birds. These bacteria
are also found in the environment as saprophytes/
coliforms, and may cause infection or food poisoning
due to contamination of food and water with faecal
materials (Farnleitner et al. 2010). These bacteria are
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also associated with Gl tract or secondary infections in
immunocompromised conditions. The scavenger birds
may be resistant to infections due to these bacteria and
they may be found as commensals. Immune suppressed
or diseased condition, however, may make the birds
susceptible to infections. In fact, the bacteria like E. Coli
and Enterococcus may have spread from the Gl tract to
other organs due to tissue damage due to the toxicity.
Wild animals, especially wild birds are indirectly involved
in the global transmission of antimicrobial resistant
genes of the bacteria like E.coli, K. pneumoniae and
Enterobacter spp. by acting as reservoirs and vectors,
and are responsible for the interspecies transmission
between humans, domestic animals, the environment,
and wildlife (Wang et al. 2017). Thus, the bacteria
like C. perfringens, E. coli, and Enterococcus sp., are
capable of causing enteric infection in animals and
birds (companion/domestic/wild) as well as humans
indicating their zoonotic importance (Benskin et al.
2009; Kiu & Hall 2018; Ramos et al. 2019).

Many water and migratory birds are also important
reservoirs of viruses like avian influenza, newcastle
disease virus, and most of the important poultry viruses
(Vandegrift et al. 2010; Snoeck et al. 2013; OIE 2018a,b).
The flaviviruses (genus Flavivirus) are important
pathogens of wild birds, domestic poultry and humans,
and several members are zoonotically important (OIE
2018a). The viruses in the Japanese encephalitis group
are related to birds and mostly transmitted by Culex
mosquitoes. These viruses are distributed worldwide
and cause widely diverse diseases varying from mild
viral symptoms to severe and fatal hemorrhagic and
neurological diseases (Meiyu et al. 1997; Davidson
2015). West Nile fever, caused by West Nile virus under
the genus Flavivirus, is also a mosquito-borne viral
disease that can affect birds, humans, and horses causing
inapparent infection, mild febrile illness, meningitis,
encephalitis, or death (OIE 2018b). Migratory birds could
spread into densely populated urban areas (in places like
urban parks) allowing introduction of a Flavivirus that
could infect local Culex mosquitoes and produce disease
after feeding on humans (Lopes et al. 2015). The Greater
Adjutants living near the water bodies may get infected
by Flavivirus from the bites of infected mosquitoes and,
thus, there is a possibility of them serving as reservoirs
of Flavivirus.
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CONCLUSION

From this study of Greater Adjutants, we come
to the conclusion that, the birds may carry bacteria
like E. coli, Enterococcus sp., and C. perfringens and
some other bacteria as commensals in their Gl tract.
Greater Adjutant Storks may also act as the reservoirs
of Flavivirus; however, the forensic report confirmed
the cause of their deaths to be due to organophosphate
toxicity, which is also obviously suggestive from the
post-mortem and histopathological findings.  The
presence of the bacteria and virus may have aggravated
the condition of the Greater Adjutants during the acute
phase of the toxicity.
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Abstract: Wetlands are declining globally. Hence, it is reasonable to assume that most existing wetlands are impacted to some degree
by human land-use that in turn caused population declines in many wetland-dependent taxa. The National Wetland Atlas has classified
Tamil Nadu as a wetland-rich state as they occupy 6.92% of geographic area. However, studies on wetlands are limited in Tamil Nadu.
Hence, an attempt was made to identify the threats to the Vaduvur and Sitheri lakes and their associated fauna. In total, 118 species of
birds belonging to 87 genera, 48 families and 18 orders in Vaduvur Lake and 87 species of birds belonging to 71 genera, 48 families and 16
orders in Sitheri Lake were recorded. A total of 28 zooplankton species were recorded in both the lakes comprising 14 species of rotifers,
six species of cladocerans, five species of copepods, two species of ostracods, and one species of protozoa. A total of 15 species of fishes
were identified from the sellers who catch fishes from the Sitheri Lake. The physico-chemical parameters of water varied according to
the seasonal fluctuations in rainfall pattern. In general, wetland management for waterbirds of these two lakes should focus on providing
suitable nesting habitats and available food resources for dependant avifauna. Management of invertebrates, amphibians, and fishes in
these two lakes is one technique that can be used to provide foraging opportunities for waterbirds. An integrated approach and increased
co-operation would result in the rational use of this freshwater resource leading to improved standards of living around this lake.
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INTRODUCTION

Wetlands are declining globally. Between 1993 and
2007, the global acreage of wetlands decreased by 6%
(Prigent et al. 2012). Hence, it is reasonable to assume
that most existing wetlands are impacted to some degree
by human land-use that in turn caused population
declines in many wetland-dependent taxa. Wetlands
have many successional stages and hydroperiods,
represented in close proximity, thus, managing wetlands
effectively requires an understanding of basic ecosystem
processes besides using appropriate management
techniques that depend on target species, coastal versus
interior wetlands, available infrastructure, resources,
and management objectives.

The National Wetland Atlas, prepared by the
Ahmedabad (Gujarat) Space Application Centre (SAC),
Indian Space Research Organization (ISRO), has classified
Tamil Nadu as a wetland-rich state as they occupy 6.92%
of the geographic area. One-hundred-and-twenty-
five species of birds including both migratory and
resident that depend on wetlands fully or partly and
28 other species found in the vicinity of wetlands are
known from Tamil Nadu. Although Tamil Nadu State
has several wetlands, studies are limited to very few:
Point Calimere (Sugathan 1982), Kaliveli (Pieter 1987),
Singanallur Lake (Reginald et al. 2007), Pallikaranai (Raj
et al. 2010), Karaivetti (Gokula 2010), Vaduvoor (Gokula
& Raj 2011), and Sitheri (Gokula & Raj 2015). The
majority of research work on wetland management in
Tamil Nadu relates to the limnological and ornithological
aspects. Nevertheless, the land-use changes and socio-
economic activities leading to changes in limnological
and biodiversity aspects of these wetlands have not
been explored substantially. Moreover, the national
water sector agenda pays little attention to wetland
management resulting in over exploitation of wetland’s
resources. Hence, an attempt was made to identify
the threats to the Vaduvur and Sitheri lakes and their
associated fauna.

STUDY AREA

The Vaduvur Lake, situated between 10.698-10.706
°N & 79.309-79.322 °E, spread over c. 128ha and Sitheri
Lake, situated between 10.712-10.728 °N & 79.323-
79.342 °E, spread over c. 87ha, are located at a distance
of 20km from Mannargudi, a town, situated between
10.636-10.677°N & 79.432-79.450 °E in Tiruvarur District
in Tamil Nadu. The Vaduvoor Lake was declared a bird
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sanctuary by the forest department in July 1999. The
bunds help in holding the water up to an average depth
of c. 2.5m. Vegetation of the lake consists of Prosopis
chilensis, Azadirachta indica, Tamarindus indica, and
Acacia nilotica including planting of A. nilotica by the
forest department under the Sanctuary Management
Program. The Sitheri Lake is currently being maintained
by the public works department, Tamil Nadu, however,
the forest department of Tamil Nadu has a plan to bring
this wetland and its components under the protected
areas network. The Vennaru River is the main source
of water in addition to the monsoon (largely from the
north-east) for both the lakes.

METHODS

Birds were counted using direct count method from
selected vantage points following Bibby et al. (1992) and
Sutherland (1997). Counts were made four times in a
month during which birds were observed from 06.00
—10.00 hr and 16.00-18.00 hr, being their most active
periods of the day from September 2010 to February
2012. No count was done during extreme weather
conditions. The water quality of the lakes was assessed
using the standard methods described by APHA (1996).
Identification of zooplankton was done by following
Alfred et al. (1973) and Adoni et al. (1985). Zooplankton
samples were collected from the two lakes by towing a
plankton net, made up of bolten silk with a mesh size of
100um, from surface water to 1m depth. One-hundred
litre of water from the lakes was filtered through the
zooplankton net and collected planktons were preserved
in 5% formalin. Planktons were identified up to species
level. Planktons were enumerated using SedgwickRafter
chamber and species richness and diversity were
calculated. Fish collected by the local people were
inspected and identified up to the species level, based on
which, a list of fish species for each lake was prepared.
Jayaram (1999) was followed to identify the fish fauna.
Several visits were made around the lakes and villages
nearby for collecting information on threats to avifauna
and two lakes. Formal and informal interviews were
conducted with local people to prepare a list of threats
to these two lakes and dependant avifauna. During the
fieldwork, anthropogenic activities, viz., hunting, illegal
fishing, and woodcutting (if any) were monitored and
quantified (if possible) following Joshua & Johnsingh
(1994). Only fishing and illegal hunting of birds were
identified as threats to the wetlands. People who are
directly or indirectly involved in the above said two
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threats were approached for additional quantitative (if
possible) and qualitative information. Fish markets were
periodically visited for collecting information on illegal
bird trade. Informal interviews were conducted with
those traders for further details. Wherever permission
was granted, quantification were made on the number
of individuals and species of birds involved in the trade.
The methodology was based on the principles and
procedures of the Australian/New Zealand Standard
for Risk Management ISO 31000:2009 (Standards
Australia 2009; AZ/NZS 4360:1999) and HB 203: 2000
Environmental Risk Management — Principles and
Process (Standards Australia 2009).

RESULTS AND DISCUSSION

In total, 118 species of birds belonging to 87 genera,
48 families, & 18 orders in Vaduvur Lake and 87 species
of birds belonging to 71 genera, 48 families, & 16 orders
in Sitheri Lake were recorded and the details are given
elsewhere (Gokula & Raj 2011, 2015). The numerical
differences may be attributed to the combination of
any of the factors, viz., size and location of wetlands,
proximity to other wetlands, water level, foraging
opportunity, food availability, availability of nest-sites,
inter and intra specific competition, human pressure,
site fidelity of bird species, and site history. Besides
regular common migrants, both the lakes harbour
Near Threatened bird species, viz.: Darter Anhinga
melanogaster, Painted Stork Mycteria leucocephala, and
Oriental White Ibis Threskiornis melanocephalus. Among
the bird species recorded, the most numerous were
Garganey Anas querquedula and Northern Shoveller
Anas clypeata, however, individuals of a majority of the
species were poor in numbers. Little Grebe Tachybaptus
ruficollis, Little Cormorant Phalacrocorax niger, Little
Egret Egretta garzetta, Cattle Egret Bubulcus ibis, Indian
Pond Heron Ardeola grayii, and Pheasant-tailed Jacana
Hydrophasianus chirurgus nest in Sitheri; while, Little
Grebe, Asian Openbill Aanastomus oscitans, Cattle
Egret, Black-crowned Night Heron Nycticorax nyctiorx,
Grey Heron Ardea cinerea, Little Egret, Little Cormorant
Microcarbo niger, Pheasant-tailed Jacana nest in
Vaduvur Lake. In both the wetlands, birds breed largely
during and after the north-east monsoon as reported
by Subramanya (2005) for majority of the heronries of
Tamil Nadu.

A total of 28 zooplankton species were recorded
in both the lakes comprising 14 species of rotifers, six
species of cladocerans, five species of copepods, two
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species of ostracods, and one species of protozoa (Table
1). A greater number of species of zooplanktons was
recorded during November to June followed by May
to July (Table 2). The diversity of planktons was more
during the monsoon rather than in the summer in both
the lakes, which is in contrast to other such studies
carried out in Tamil Nadu. Manikam et al. (2014, 2017)
reported high diversity of planktons in summer and
attributed it to favourable temperature and availability
of food in the form of bacteria, phytoplankton, and
suspended detritus during the season. Hence, a detailed
long-term study is needed to confirm it further.

The Sitheri Lake is a very good fishery resource. A
total of 15 species of fishes were identified from the
sellers who catch fishes from the Sitheri Lake and the
Vennaru River, a prime source for the two lakes (Table 3).
Thiyagesan & Nagarajan (1995) reported the negative
impacts of the over exploitation of aquaculture and
fisheries resources in inland and coastal wetlands of the
eastern coast of India on their bird life.

With respect to water quality the changes in water
chemistry has been considered to exert influence in the
distribution of many aquatic plant species (Catling et al.
1986; Shay & Shay 1986; Chee & Vitt 1989; Engelhardt
& Ritchie 2001; Lentz-Cipollini & Dunson 2006). As
waterbirds and wetland dependant birds depend
directly or indirectly on aquatic fauna and flora which
in turn depend on water chemistry, birds’ distribution is
expected to change with changes in water chemistry. As
anticipated the physico-chemical parameters of water
varied according to the seasonal fluctuations (Table 4).
The limnological variables showed two distinct clusters:
July to December with high rainfall and January to April
with less/no rainfall (Figure 1). The rainfall (both from
north-west and south-east monsoons between June to
December) and lack of rainfall (between January to May)
showed greater influences in the values of water quality
parameters in both the lakes.

Three major villages are situated around these two
lakes: Vaduvur Vadpathi (2,289 individuals belonging to
575 families of which 1,154 are males while 1,135 are
females), Vaduvur Melpathi (3,010 individuals belonging
to 817 families of which 1,478 are males while 1,532
are females), and Vaduvur Thenpathi (3,412 individuals
belonging to 896 families of which 1,673 are males while
1,739 are females). The socio-economic status of the
people of these villages revealed that both the lakes play
a vital role in the livelihood of many people. Agriculture
is the main occupation of the people of these villages and
they greatly depend on the lake for irrigation and other
domestic purposes. Paddy is the main crop cultivated
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Table 1. Species of planktons recorded in Vaduvur and Sitheri lakes
during the study period.
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Table 2. Species richness and diversity of planktons recorded during
various months of the study area.

around these two wetlands and it is grown three times
in a year. The first crop is known as ‘Kuruvai’ (the short-
term crop) with a duration of three and a half to four
months from June—July to October—November. The
second crop called the ‘Thaladi’ has a duration of five to
sixmonths from October—November to February—March.
The third is the ‘Samba’ (the long term) crop and has a
duration of almost six months from August to January.
During the cultivation periods, in particular, between the
months of October and January, the agriculture fields
are water-logged with aquatic invertebrates. Thus,
the agriculture fields surrounding these two wetlands
and in nearby villages not only act as a unique foraging
ground but also provide various foraging opportunities

Vaduvur Lake Sitheri Lake Vaduvur Sitheri Vaduvur Sitheri
Group Species Species months Taxa_S Taxa_S Shannon_H Shannon_H
Protozoa Vorticella sp. Vorticella sp. Sep-10 19 16 2.795 2.642
Rotifera Brachionus calyciflorus Brachionus calyciflorus Oct-10 23 19 2.963 2.784
Rotifera B. quadridentatus B. quadridentatus Nov-10 28 24 3.132 3.009
Rotifera B. forticula B. forticula Dec-10 28 24 3.127 3.007
Rotifera Euchlanis sp. Jan-11 21 17 2.841 2.636
Rotifera Horella brehmi Horella brehmi Feb-11 17 16 2.614 2.566
Rotifera Lepadella sp. Mar-11 13 12 2.336 2.272
Rotifera Mytilina sp. Mytilina sp. Apr-11 8 8 1.895 1.895
Rotifera Notholca sp. Notholca sp. May-11 9 9 2.062 2.062
Rotifera Trichotria sp. Trichotria sp. Jun-11 8 8 1.934 1.934
Rotifera Trichocera rattus Trichocera rattus Jul-11 8 8 1.992 1.992
Rotifera Testudinella patina Testudinella patina Aug-11 11 11 2.322 2.322
Rotifera Asplanchna brightwelli Sep-11 18 16 2.768 2.655
Rotifera Lecane lunaris Lecane lunaris Oct-11 23 19 2.9 2.729
Rotifera L. bulla L. bulla Nov-11 28 24 3.09 2.961
Cladocera Alonella sp. Alonella sp. Dec-11 27 24 3.018 2.934
Cladocera Bosmina longirostris Bosmina longirostris Jan-12 20 17 2.73 2.596
Cladocera Daphnia carinata Daphnia carinata Feb-12 17 15 2.566 2.487
Cladocera Diaphanosoma sp.
Cladocera Diaphanosoma sp. Diaphanosoma sp.
Cladocera Moina daphnia Moina daphnia to the waterbirds and wetland dependant birds during
Copepoda Calonoid copepod Calonoid copepod their stay at in these two lakes. The water-logging of
Copepoda Heleodiaptomus viduus Heleodiaptomus viduus agricultural fields often attracts waterbirds, especially
Copepoda Mesocyclops hyalinus Mesocyclops hyalinus when they are close to other wetlands (Nagarajan &
Copepoda Thermocyclops sp. Thermocyclops sp. Thiyagesan 1996; Kahlert et al. 2007). Moreover, paddy
Copepoda T crassus T crassus fields support the highest bird diversity when they are
oetracoda Copris . Copris . water logged with abundant aquatic insects, worms,
Ostracoda Stenocypris malcolmsoni Stenocypris malcolmsoni snalls, and tadeIeS (Deep 2008). Moreover, when they

are flooded in winter they often provide a good feeding
habitat for large numbers of birds (Chan et al. 2007).
Croplands that are flooded to a shallow depth act as
temporary foraging grounds for waders. Some species
appear to need very large rice-fields while others prefer
smaller ones and edge habitats (Burton et al. 2002).
Hence, lakes with sufficient water and surrounded by
agriculture fields with agricultural activities are more
crucial to sustain the population of waterbirds and
wetland dependent birds that traditionally inhabit any
wetland. Due to unusual drought and fall in rainfall
due to climate change, lack of interest in agricultural
practices, and conversion of agricultural land into human
habitation, agricultural activities in agriculture fields have
drastically been declining not only around these lakes
but also in the entire district. Recently, the Federation
of Tamil Nadu Agricultural Associations reported that
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Figure 1. Dendrogram showing seasonal clusters for water quality parameters recorded in Vaduvur and Sitheri lakes.

from 2001 to 2011, nearly 8,67,582 farmers have
stopped agriculture due to various reasons, including
huge losses. Interestingly, there was an increase in the
number of agricultural labourers during the period, as
the farmers sell their land for real estate and prefer to
work on daily wages. They attributed the reason for
the plight of the farmers to wrong import policies of
the government, unremunerative prices for farmers’
produce, industrialization and urbanization, coupled
with the failure to divert the rain and other waters going
to sea to the farmers’ fields, by linking rivers.

As majority of the lakes in Tamil Nadu go dry in
summer, it is presumed that waterbirds move from
places lacking adequate water to places with adequate
water ignoring site fidelity. Although, both these lakes
go 90% dry in the month of May, they still attract a
significant number of waterbirds from other parts. The
Spot-billed Pelican Pelecanus philippensis being a late
arrival (largely during late November) particularly in the
southern districts of Tamil Nadu performs its breeding
activity until the month of April (February to April being
crucial months to raise the young ones) while all other
species complete their breeding activities largely by
January. As majority of the lakes go dry from the month
of February onwards in Tamil Nadu, the movement
of pelicans from their traditional sites to new lakes
with sufficient water is common (Gokula 2011). The
Vaduvur Lake is one such wetland that supports pelicans
during the above said crucial months. Hence, in order

to support Spot-billed Pelican, a near threatened bird,
proper steps have to be taken to sustain the water level
during April and May.

Various kinds of threats such as excessive fishing,
poaching of birds, cattle grazing, fuel-wood collection,
siltation, weed invasion, and pollution were identified
particularly for the lakes during the study period. Earlier
Wolstencroft et al. (1989) reported that these were the
major threats in Asia in various wetlands. Thiyagesan
& Nagarajan (1995) listed similar threats to the coastal
wetlands of Tamil Nadu, southern India. Divakaran
(2000) also noticed a majority of these threats in
different islands of the Gulf of Mannar, southern India,
causing great havoc for bird life there. The forest
department of Tamil Nadu has protected the Vaduvur
Lake under the bird sanctuary category thus the lake is
comparatively free from above said illegal activities such
as fishing and poaching of birds. All such activities have
been prevailing in the Sitheri Lake.

Waterbird harvest is widespread, long-standing, and
an important activity for local communities around the
world. In many countries, the harvest takes place as a
primary food source, but sport or recreational hunting
is also popular; however, waterbird harvest has not
been a popular activity in India since time immemorial
and it may either be due to the availability of food
resources in plenty or due to the culture. Sport or
recreational hunting of waterbirds, however, was a
part of the recreational activities of kings/maharajas
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Table 3. List fish species recorded in the Sitheri Lake, Tamil Nadu,
India.

National status,
Global status

Fish Vernacular name (in parenthesis)
Cyprinidae

1 Barilius bendelisis Vannathikendai LRnt/N (LC)

2 Puntius sophore KMurl)I:::E::(ijlai LRnt/N (LC)

3 labeo calbasu g:[:lf:r? dzeil’ LRnt/N (LC)

4 Cirrhinus reba reba VU (LC)

5 Puntius conchonius Vallikendia VU (LC)

6 Rasbora daniconius Bhavanikendia NE (LC)
Cobitidae

7 i;g;‘::;;f halus Ayirai NE (LC)
Bagridae

8 Mystus cavasius Naikeluthi LRnt/N (LC)

9 Mystus vittatus Vazhppu VU (LC)

10 Mystus bleekeri Keluthi VU (LC)
Cichlidae

11 Etroplus suratensis :z::: dk:isrt:{eF;l;radi, NE (LC)

12 Etroplus maculatus Sethakendai, Bommi NE (LC)
Gobiidae

13 Awaous gutum Ulluvai,Kalulluvai VU (LC)
Clariidae

14 Clarias batrachus Thalmeen, Thal VU (LC)

Kendia

Mastacembelidae

15 HM:;ZC:/:M"S Aarrah VU (LC)

EN —Endangered | VU—Vulnerable | LRnt—Lower Risk near threatened | NE—
Not Evaluated | LC —Least concern (IUCN status).
Status nationally as per CAMP assessment (Molur & Walker 1998).

and it continued until the British colonial period. Later,
the Indian Wildlife (Protection) Act 1972 prevented
this activity to be practiced anywhere in India. Still a
nomadic community called ‘Narikurava’ in Tamil Nadu
hunts birds for food as well as commercial purposes.
In the interview, some admitted they supply birds dead
or alive, specific or common to customers depending
on their needs. Some suggested they should be given
controlled hunting permits enabling them to make a
sustainable living while protecting wildlife. Due to their
small population size and the insignificant demand for
wild birds among the public comparing others (fish,
mutton, domestic chicken) in the market, however, it
is generally assumed that hunting is well below the
sustainable utilization, a level commonly regarded as a
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cornerstone in the conservation of nature.

In the present study, frequent visits were made to fish
markets of Vaduvur and Mannargudi (a town situated
12km away from the study area) to assess the wild bird
trade from 2009 to 2015 (Table 5 & Image 1). In total 68
visits were made of which wild bird trade was found on 26
occasions. On all the occasions, (except three), no same
person was found trading in wild birds. Two (belonging
to Narikurava) persons involved in wild bird trade were
sighted on three occasions. When approached for
informal interviews we found many illegal wild bird
traders made good their escape, while a very few stayed
and engaged in conversation. People belonging to
Narikurava though afraid to be photographed with birds,
revealed facts like where and how they caught the birds.
In total, 974 birds belonging to 21 species, 11 families
and eight orders were recorded in the wild bird trade. It
even included the Spot-billed Pelican, a Near Threatened
bird. Among the orders, Coconiiformes dominated with
seven species of birds followed by Gruiformes with five
species of birds. Among the bird species, White-breasted
Waterhen (89), Little Egret (87), Common Coot (76), and
Water Cock (73) were sold in more numbers. Although
wild bird trade was found in all the months of the year,
it was more frequent during November to January. All
the species of birds were largely bought for the purpose
of meat. On one occasion, a crow was found sold to a
customer and the enquiry with the trader revealed that
it was for the purpose of black magic. He also revealed
that they do supply crow on request occasionally for
the above said purpose. The traders also revealed
that all the birds were caught from the paddy fields
surrounding the wetlands during early morning and
late evening hours using indigenious traps (such as
clap trap, mesh nets, and nooses). Although the forest
officials frequently intercept, and arrest those involved
in the hunting of wild birds in and around Vaduvur
area, patrolling larger areas surrounding these two
wetlands is not possible and feasible with the existing
work force in the forest department. Often, arrested
people are booked under the provisions of the Indian
Wildlife (Protection) Act 1972. In the early 1970s and
1980s, over 150 families of different communities from
Nagapattinam, Thanjavur, and Thiruvarur districts were
involved in trapping migratory shorebirds and ducks that
used to frequent the coastal wetlands, in several lakhs,
during the migratory season (October to April). Now,
many bird trappers have shifted to fishing as they were
looked down upon for carrying on this illegal profession.
Cattle egrets and pond herons are often bought by
roadside restaurants and wine shops to serve and sell as
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Table 5. Various species of birds recorded in the illegal trade.
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1 Little Grebe Tachybaptus ruficollis * * Nov—Feb Frequent 18 26 67
2 Spot-billed Pelican Pelecanus philippensis * Nov—Jan Rare 1 26 1
3 Little Cormorant Phalacrocorax niger * * Nov—Jan Less Frequent 4 26 12
4 Little Egret Egretta garzetta * Nov-Jan Frequent 22 26 87
5 Grey Heron Ardea cinerea * Nov-Jan Less frequent 4 26 5
6 Large Egret Casmerodius albus * Nov—Jan Less frequent 5 26 8
7 Cattle Egret Bubulcus ibis * All the months Very frequent 26 26 67
8 Indian Pond-Heron Ardeola grayii * All the months Very frequent 26 26 56
9 Blaclf-crowned Night Heron Nycticorax * All the months Very frequent 26 26 69
nycticorax
10 Asian Openbill-Stork Anastomus oscitans * Nov-Jan Rare 2 26 2
1 Whlte—‘breasted Waterhen Amaurornis . Nov—Jan Frequent 16 2 29
phoenicurus
12 Water Cock Gallicrex cinerea * Nov-Jan Frequent 14 26 73
13 Purple Moorhen Porphyrio porphyrio * Nov-Jan Frequent 15 26 67
14 Common Moorhen Gallinula chloropus * Nov-Jan Frequent 16 26 68
15 Common Coot Fulica atra * Nov-Jan Frequent 18 26 76
16 Ph‘easant—talled Jacana Hydrophasianus . Nov—lan Frequent 14 2% 56
chirurgus
17 Gull-billed Tern Gelochelidon nilotica * Nov-Jan Frequent 14 26 45
18 Common Tern Sterna hirundo * Nov-Jan Frequent 14 26 46
19 Little Brown Dove Streptopelia senegalensis * * * * All the months Frequent 19 26 45
20 Asian Koel Eudynamys scolopacea * All the months Frequent 15 26 34
21 House Crow Corvus splendens * Based on order 1 26 1
Total 974

chicken. Regardless of months, Cattle Egrets and Pond
Herons are trapped every day for this purpose. Hence,
proper awareness programmes to other communities
and alternate sources of livelihood for Narikurava are
essential to wean them away from their traditional
but destructive profession. All these birds involved in
the illegal trade play a very significant role in the agro-
ecosystem as they feed on various insect species and
thereby control the pest population.

Anand (1999) reported desiltation was not only
useful in terms of improvement of irrigation and fisheries
potential, but also to the increase of wildlife diversity
and use. During the rainy season the eroded soil from
their catchments, gets dumped into these lakes, which
in turn reduces the water holding capacity of the lake.

Siltation, a serious problem, results in low water depth
thereby facilitating the invasion of weed patches.
Vallenweider (1968) reported that water bodies with less
water depths would be more affected by eutrophication
problems. The Ipomoea aquatic (weed) invasion was
very extensive in these lakes. Anand (1999) observed
that the Ipomoea invasion changed the water quality
and reduced the primary production and nutrient cycle.
As a result the weeds should be cleared either manually
or by application of weedicide. Such a step will increase
the irrigation potential of the lake and improve the
condition for the wildlife, especially waterbirds.

The lake area is used by surrounding villagers for
grazing their domestic livestock especially during
summer. This intensive cattle grazing could result in
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Image 1. Various species of waterbirds found in the local market. © V. Gokula

breaking the nutrient cycle of the lake. Further, the
trampling cattle might harden the soil surface and reduce
the aeration of the lake. Earlier Meganathan (2002) also
expressed similar apprehensions for the freshwater
lakes of Tamil Nadu. The local people must be educated
in this aspect. The surrounding village people are using
the lake for washing their livestock. The livestock are
allowed to freely drink and bathe in this lake. This cattle
washing pollutes the water and acts as a deterrent for
waterbirds. Hence, cattle washing should be prohibited
in the lake.

Another threat is wood collection for fuel by the local
villagers from the lakes and its immediate surroundings.
Acacia, Zizypus, and Prosophis were the plants cut for
fuel wood. They are the roosting and nesting places
for birds like openbill storks and night herons. Dickson
et al. (1995) stated that protection of vegetation along
the sides of the wetlands is important to retain water
quality and accommodate wildlife including breeding
birds. Hence, this vegetation, especially at the northern
region of the Vaduvoor Lake and the entire Sitheri Lake

must be given full attention and protection to prevent
human disturbances to nesting activities through wood
removal. In 2015, Prosopis chilensis—then roosting and
nesting sites for several species of birds, were completely
removed by the people, which in turn affected the
avifauna

Although many of the heronries in Tamil Nadu,
despite the stench emanating from the nesting activities
of the birds, are zealously protected by villagers (e.g.,
Kanjirankulam, Udayamarthandapuram, Vettangudi,
Vedanthangal, and Koonthakulam), villagers in and
around the Vaduvoor Lake lack such interest towards
protection of birds. Usage of crackers and musical
instruments by villagers are very common during
festival times in Vaduvoor Lake area. A prominent
Kothandaramar Temple and a community temple are
situated around the Vaduvoor Lake. Although, festivals
of Kothandaramar Temple largely come between June
and August, disturbance to birds by the devotees are
considerably less as birds are less during these months.
Frequent family functions held at the community temple
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situated at the edge of the lake, however, cause a major
threat to the breeding birds particularly during the
migration and breeding seasons. It has been suggested
that the greatest and most depressing problem in
conservation is not habitat loss or overexploitation but
the human indifference to such problems (Balmford
1999). Overcoming such indifference is likely to depend
on providing both the opportunities to appreciate areas
and species, and education to highlight the ecological,
aesthetic, cultural, spiritual, recreational, and economic
importance. Education is one of the major techniques
available to conservationists through which change in
behaviour or compliance with new legislation can be
achieved. Moreover, maintaining protected areas is
easier if there is public support, which often leads to
political and financial support and greater adherence
to rules and regulations (Shepard & McNeely 1998).
Hence, a proper public awareness program has to be
initiated about the conservation of birds and lakes
among the public.

As the lake is situated on one side of the Trichy-
Mannargudi main road, vehicular sound is a great threat
to the breeding birds. High decibel noise often disturbs
the breeding activities of the birds, and frail chicks.
Hence, usage of horns by vehicles should be banned
from start to end of the lake at least during the peak
breeding season of birds.

Pesticides, manures, and fertilizers are being
increasingly used to ensure greater production of food in
the nearby paddy fields around the lake. Some of these
chemicals find their way into soils, water and other parts
of the environment as a result of direct application or by
indirect means. Hence, it is also necessary to monitor the
water for possible pesticide contaminants since the lake
is also the main source of water supply for agricultural
consumption. In addition to awareness, volunteers
should be trained to monitor the breeding population of
birds and other threats to birds and wetlands.

CONCLUSION

In general, wetland management for waterbirds of
these two lakes should focus on providing suitable nesting
habitats and available food resources for dependant
avifauna. Management of invertebrates, amphibians,
and fishes in these two lakes is one technique that
can be used to provide foraging opportunities for
waterbirds. Most species often rely much on nearby
aquaculture fields thus a straightforward ‘farm crisis’
may badly affect the avifauna of these two lakes. Hence,
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agricultural activities around the two lakes should be
encouraged. The water level and water quality of the
lake should be properly maintained to cater to the needs
of both irrigation and wildlife. Periodic desilting should
be initiated with proper care and planning to provide
a variety of depth levels. Cattle grazing and cattle
washing in the lake should be totally prohibited. The
weed Ipomoea should be removed totally. Poaching of
waterbirds should be stopped by effective steps, such
as better vigil and weaning of nomadic life from wildlife
hunting by educating them and providing alternative
livelihood. An awareness campaign must be conducted
so that the local public realizes the significance of the
lake in terms of their wildlife values and need to utilize
them judiciously and sustainably for mutual benefit.
There is an excellent potential for developing these
lakes as very good tourist attractions since these lakes
are situated near other famous tourist areas such as
Point Calimere Wildlife Sanctuary, Karaivetti Lake, and
other cultural heritage sites (such as Tharangambadi,
Thanjavur, and Velankanni). Ecotourism would increase
the income of the local people. Hence, an integrated
approach and increased co-operation would result in
the rational use of this freshwater resource leading to
improved standards of living around this lake.
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A new species of shieldtail snake (Squamata: Uropeltidae: Uropeltis)
from the Bengaluru uplands, India
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Abstract: A new species of shieldtail snake, Uropeltis jerdoni, is here described based on eight specimens from Devarayana Durga and
Nandi Durga that are under-researched hills near Bengaluru in southern India. The new species is a member of the Uropeltis ceylanica
group that can be distinguished from related taxa as follows: a truncate and flattened caudal shield with a circumscribed concave disc;
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rows; 140-148 ventral scales; 7-9 pairs of subcaudals; dark blackish-grey above, powdered with minute yellow specks, yellow lateral
stripes on neck and tail; ventrolateral region with yellow mottling; venter black. This new species is currently known only from two ranges
Devarayana Durga and Nandi Durga but judging by the presence of similar, adjacent massifs, is hypothesized to be present in nearby
hillocks surrounding Bengaluru City.
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Uropeltis jerdoni sp. nov.

INTRODUCTION

Snakes of the family Uropeltidae Miiller, 1832 are
an under-researched group of small and unassuming
fossorial snakes from the Indian subcontinent (Beddome
1886; Smith 1943; Rajendran 1985; Whitaker & Captain
2004; Wallach et al. 2014). The genus Uropeltis Cuvier,
1829 currently consists of 25 species occurring in the
hills of peninsular India (Pyron et al. 2016; lJins et al.
2018; Ganesh & Achyuthan 2020). The first species in
this genus that was described was Uropeltis ceylanica
Cuvier, 1829, a species that is currently considered to be
a complex (Gower et al. 2008; Ganesh et al. 2014) and
with an erroneous type locality ‘Ceylon’ that is outside
the known distribution of the species (see Pyron et al.
2016). Of late, two species U. bicatenata (Gunther,
1864) and U. shorttii (Beddome, 1863) previously
considered invalid were resurrected and one species
U. madurensis (Beddome, 1878) that was previously
considered a subspecies, was elevated to a full species
rank (see Gower et al. 2008; Ganesh et al. 2014). In
recent times, two new species Uropeltis bhupathyi Jins,
Sampaio, Gower, 2018 and Uropeltis rajendrani Ganesh
& Achyuthan, 2020 were described from the Western
Ghats and the Eastern Ghats, respectively (Jins et al.
2018; Ganesh & Achyuthan 2020).

These snakes, owing to their naturally-patchy
distribution and high beta diversity, that is a diversified
multi-species assemblage of fauna constituted by each
having a small, typically non-overlapping distribution
range, resulting in turn-over among hill ranges (sensu
Socolar et al. 2016), were hypothesized to be potential
model organisms for evolutionary studies in the Indian
peninsula (Cadle et al. 1990; Bossuyt et al. 2004; Ganesh
2015; Pyron et al. 2016). Molecular phylogenetic studies
reveal that this genus of snakes radiated rapidly and
recently during early Miocene, some 20 million years
ago (Cyriac & Kothandaramiah 2017). Despite these
works, the fact is that our current understanding of the
diversity and distribution of the genus Uropeltis remains
incomplete. Here, we describe a new species of Uropeltis
representing an innominate population from a locality
that is previously-unsampled for shieldtail snakes, a
hill-dominated region situated around Bengaluru City
that is recently recognised as an important area for
herpetological diversity and endemism (see Agarwal et
al. 2019).

Ganesh et al.

MATERIALS & METHODS

The current work is based on our examination of
39 preserved specimens (representing 16 congeners)
and the type specimens as well as live uncollected
specimens of the new species that is described herein.
During our expeditions in the uplands of Bengaluru, we
came across three specimens (two dead, one alive) that
we could assign to the genus Uropeltis sensu Pyron et al.
(2016) in lacking mental grove, supraocular, postocular
or temporal scales and having a dorso-ventrally
depressed tail with a scaly caudal disc. The road kill
specimens were noticed having apparent breakage of
certain scales in the ventral aspect and indentations
in parts of their trunk suggesting a run over by a small
vehicle. During our perusal of uropeltid collections in
the Bombay Natural History Society Museum, we came
across six historical specimens that fully match with the
new species. We photographed the subjects using high
resolution digital cameras. We scored morphological
details like scalation, measurements and colour patterns
with the help of magnifying hand lenses (5 X optical
zoom). We measured the preserved specimens using
vernier calipers (LC 0.1 mm) except for snout-vent length
that was measured with a standard measuring tape (LC
1 mm). We followed Smith (1943) for definition and
terminology of morphological characters, except for
ventral scales for which Gower & Ablett (2006) counting
method was followed. Symmetrical head scalation values
were given in left / right order. Dentition characters were
scored by counting one half (lateral side) of both the
upper jaw (maxillary) and the lower jaw (mandibular/
dentary). Teeth were counted by manually opening the
preserved specimen’s mouth and inserting a cotton plug.
Counts were done viewing through a Celestron 20-200
X zoom maghnification illuminated microscope. A linear
incision in the subcaudal was done on the preserved
specimens to check for genitalia. Comparisons and
differential diagnosis are provided based on the series
of preserved voucher specimens in collections that we
examined (see Appendix 1) and also on our perusal of
original description papers and subsequent taxonomic
treatises (see literature cited). The new species belongs
to Smith’s (1943) Group II, in having an obliquely
truncate tail, terminating in a thickened, circumscribed,
concave caudal disc covered with multicarinate scales
(see Smith 1943). Comparisons are presented as
differential diagnosis, following the pattern in works on
the genus Uropeltis by Ganesh et al. (2014) and Ganesh
& Achyuthan (2020). Museum abbreviations are as
follows: CSPT—Chennai Snake Park Trust, Chennai, India;
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CESS—Centre for Ecological Sciences / Snakes, Indian  tail length 11.1; maximum body width 7.1; head length
Institute of Sciences, Bengaluru, India; BNHS—Bombay 7.7; head width 4.6; head depth 3.8; internarial distance
Natural History Society, Mumbai, India; MAD—Madras  1.26; interorbital distance 2.81 at the front of the ocular
Government Museum, Chennai, India. and 3.41 at the rear of the ocular; eye to snout tip
distance 3.67; eye to lip distance 1.12; snout-parietal
distance 3.0; posterior end of rostral to posterior end of

TAXONOMY parietal distance 5.14; tail shield length 9.91; tail shield
width 6.12; tail shield depth 3.67; parietal scale length

Uropeltis jerdoni sp. nov. 3.32; parietal scale width 2.71; frontal scale length

Jerdon’s Shieldtail Snake 1.45; frontal scale width 1.78; ocular scale length 1.41;

(Image 1A-G, 3A-B) prefrontal scale length 1.17; midbody ventral scale width

urn:lsid:zoobank.org:act:5F121750-8547-4429-8E9E-49D618D31F89 1.33; midbody basal coastal scale width 2.31.
Scalation: Rostral visible from above, partly dividing
Holotype: BNHS 3562, adult female, a rather intact  nasals, anteriorly, but posteriorly in contact with one
roadkill near village, coll. KGP and NSA in January 2020. another, behind rostal; part of rostral visible from above
Type locality: Devarayana Durga (13.371°N, 77.210°E;  subequal to its distance from frontal; nostril piercing
1,060 m) in Tumkur District, Karnataka, India. nasal, pointed towards rostrum and first supralabial;
Paratypes (n= 7): BNHS 3563, adult female, animal nasals slightly smaller than prefrontal; ocular scale
in early ecdysis, same data as holotype; BNHS 216 a—b,  slightly smaller than nasal and/ or prefrontal; frontal
BNHS 217 a—b, BNHS 218 a—b, coll. Frank Wall from Nandi  hexagonal, longer than broad; broader anteriorly,
Durga (13.370°N, 77.681°E; 1,470 m) in Chikballapur  posteriorly produced towards a tapering point, wedged

District, Karnataka, India; coll. date unknown. deeper within the midline contact of parietals; parietals
Referred specimen (n= 1). One live uncollected large, as large as distance between snout tip and
adult, sex unknown, same data as holotype. anterior end of frontal; ocular scale separating contact

Etymology: Patronym named in genitive singular  between prefrontal and parietal; ocular, in contact with
case, honouring Thomas Caverhill Jerdon (1811-1872), frontal; supralabials 4/4, first supralabial the smallest of
a pioneering English naturalist who described some of  all head scales, rectangular; second supralabial subequal
the earliest reptiles from the Bengaluru uplands. to rostral, higher than broad; third supralabial broader

Diagnosis: A species of Uropeltis known from the than high, higher anteriorly, shorter posteriorly; fourth
Bengaluru uplands, characterized by the following supralabial the largest, subequal to frontal, smaller than
combination of characters: caudal shield truncate, with  parietal; infralabials 3/4, first infralabial large, second
a distinct thickened circumscribed concave disc; part of  the largest, third/ fourth ones small and elongate; scales
rostral visible from above subequal to its distance from  overall smooth and glossy, imbricate, cycloid; dorsal
frontal; rostral scale partially separating nasal scales; scale rows: 17: 17: 17; ventrals 146, 1.5 times as wide
snout fairly pointed, subovoid; eye diameter 3/4" that  as adjacent scale rows; anal scale paired, subequal to
of ocular shield; supralabials 4; infralabials 3—4; dorsal  ventral scale but larger than subcaudal scale; subcaudals
scale rows 17:17:17; ventral scales 140-148; subcaudal 9, paired; caudal scales across length of tail shield 8;
scales 7-9 pairs; dorsum dark blackish-grey overall with  caudal scales across width of tail shield 4; caudals scales
minute yellow speckling; an yellow stripe on either sides  with 2-5 keels per scale; tail shield ending with two
on neck and tail; ventrolateral region distinctly mottled  projecting spurs.

with yellow; venter uniform dark blackish-grey, rarely Colouration: Dorsum lustrous dark blackish grey
with a few yellow dots. overall; anterior end (head, neck) with a brownish tinge,

while the posterior end (tail shield) steely bluish-black;
Description of holotype dorsum with very fine, scarce yellow powdering all along

Habitus: A fairly small but thick-set and robust the trunk from head to near pre-cloacal region; tail and
shieldtail snake; forebody mildly thicker than the rest tail shield devoid of yellow patterning above; a distinct
of trunk; head not evident, narrower than neck; snout pair of yellow ventrolateral stripes from snout tip till tail
fairly pointed in profile, subovoid; eyes large, % the size  shield; the yellow stripes rather evident from infralabials
of ocular scale; tail with a distinctive flat, thickened, till neck, from where onwards the yellow colouration
circumscribed disc. becomes restricted only to scale borders of the last rows

Measurements in mm: snout to vent length 186.2;  of coastal scales; the central part of coastal scales and
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(A) (B)

(C) (D)

Image 1. Profiles of Holotype BNHS 3562 of Uropeltis jerdoni sp. nov.: A—head left view | B—head right view | C—head ventral view | D—
head dorsal view | E—tail ventral view | F—tail dorsal view | G—close up of ventral scales. © N.S. Achyuthan.
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almost whole of the ventral scales totally black, rarely
with any yellow intrusions; thick yellow stripes along
subcaudals that widen and meet across the anal shield;
tongue dark reddish-brown, darker at the tips; iris black.
Dentition: On each side of the jaw, eight maxillary
(upper jaw) teeth and five mandibular or dentary (lower
jaw) teeth present; teeth conical, visibly curved inwards,
uniform in size throughout, except for the two front-
most teeth that are slightly smaller; diastema absent.
Variation shown by paratypes: Agreeing well with
the holotype in general and showing the following
intraspecific variations: dorsal scale rows 17:17:17;
supralabials 4; infralabials 3/4; ventrals 143-148;
subcaudals 7-9; snout to vent length 147-201 mm; tail
length 8-13 mm; maximum body width 5.2-7.0 mm;
head length 7.0-8.8 mm; head width 3.0-4.3 mm; head
depth 3.1-4.1 mm; internarial distance 1.2-1.9 mm;
interorbital distance 2.9-3.4 mm front, 3.2-3.7 mm
back; eye to snout tip distance 3.0-3.9 mm; eye to lip
distance 1.0-1.1 mm; snout-parietal distance 2.8-4.9
mm; posterior end of rostral to posterior end of parietal
distance 4.1-5.8 mm); tail shield length 7.3-9.3 mm; tail
shield width 4.8-5.9 mm; tail shield depth 3.4-5.1 mm;
parietal scale length 2.0-3.5 mm; parietal scale width
1.4-2.8 mm; frontal scale length 1.5-3.7 mm; frontal
scale width 1.6—2.9 mm; ocular scale length 1.0-2.1 mm;
prefrontalscalelength 1.2-1.5 mm; midbodyventral scale
width 2.1-3.9 mm; midbody basal coastal scale width
1.1-1.8 mm. Because the paratype from Devarayana
Durga was still in ecdysis, its colouration differed to a
more brownish than dark blackish colouration overall.
The paratypes from Nandi Durga were understandably
paler and less intense in colouration, due to long years of
preservation. They had overall dull brown body colour
with straw yellow side stripes and ventral patches. One
historical paratype, BNHS 216a has left lower jaw and
right temporal damaged and torn off. All the historical
paratypes had posterior parts of underside incised.
Distribution and Natural History: Uropeltis jerdoni
sp. nov. is a poorly-known snake, as this is a so-far
unsampled population about which published literature
has not dealt with (see Pyron et al. 2016 and references
therein). Though Wall had collected this species from
“Nandydug” (=Nandi Durga), historical literature during
or after Wall’s time (e.g., Smith 1943), never stated the
occurrence of any uropeltids near about Bengaluru,
except U. ellioti that belongs a different species group.
The holotype and one paratype were roadkills recently
collected from the Ghat road of a hill fort temple —
Devarayana Durga. These snakes would have probably
been killed the previous night by vehicle plying on the

Ganesh et al.
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Image 2. Profiles of Paratype BNHS 3563 of Uropeltis jerdoni sp. nov.:
A—head left view | B—head right view | C—head ventral view | D—
head dorsal view | E—tail dorsal view | F—tail ventral view. © O.D.

Adhikari.

Image 3. Uropeltis jerdoni sp. nov. Profiles of Holotype BNHS 3562:
A—entire dorsal view | B—entire ventral view; Profiles of Paratype
BNHS 3563: C—entire dorsal view | D—entire ventral view. © O.D.
Adhikari.

ghat road. A live uncollected adult of unknown sex,
measuring about 250 mm total length was sighted
in an earthworm farm at the type locality. The snake
was dug out from underneath the soil surface by the
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© Suchismita Sahu

Image 4. Entire view of a live uncollected topotypical adult Uropeltis jerdoni sp. nov. showing life colouration and general appearance.

workmen when we authors (PKG and NSA) were present  an obliquely truncate tail terminating in a thickened,
to document biodiversity. The snake was inoffensive  circumscribed, concave caudal disc covered with
and tried to dig underground when exposed and during  multicarinate scales, Uropeltis jerdoni sp. nov. differs
photography. It had blue-black dorsum; ventrolateral from the following 14 species: U. bhupathyi, U. ellioti,
yellowreticulations; black venter; concave, circumscribed  U. nitida, U. ocellata, U. dindigalensis, U. beddomei,
tail disc; scale rows 17:17:17; 143 ventrals; paired anal ~ U. macroryncha, U. woodmasoni (Group-l tail shield
scale; nine pairs of subcaudals, thereby matching in  of Smith 1943), U. grandis, U. maculata, U. petersi,
morphology with the preserved specimens. To the U. liura, U. pulneyensis (Group-Ill tail shield of Smith
best of our knowledge, the only other uropeltid snake  1943). Further, Uropeltis jerdoni sp. nov. also differs
sympatric with the new species is Uropeltis cf. ellioti ~ from the remaining congeners (after Gower et al. 2008;
(Gray, 1858), a distinctly reddish-brown coloured species  Ganesh et al. 2014; Ganesh & Achyuthan 2020) with
with evident, convexly-rounded tail shield (Group | of a thickened, circumscribed, caudal shield categorized
Smith 1943) having a large yellow spot on tail tip (also  under Smith’s (1943) Group Il A & B as follows (only
see Whitaker & Captain 2004; Pyron et al. 2016). The opposing suite of character states listed): U. arcticeps
distribution range of Uropeltis jerdoni sp. nov. is a mix  (southern Western Ghats): dorsal scales lacking a clearly
of deciduous vegetation distributed within a sprawl of  defined yellow scale border; ventral scale counts much
predominantly rocky boulder-dominated hilly terrain  lower (127-128); U. bicatenata (northern Western
(Boraiah & Fathima 1970; Bhaskar & Kushalappa 1995), Ghats): yellowish scalloping chain-like pattern across
currently known from two peaks north of Bengaluru — both sides of the body; ventral scale count 130-141;
Devarayana Durga and Nandi Durga that are 40 airline  U. broughami (southern Western Ghats): 19 midbody
km apart. Uropeltis jerdoni sp. nov. is hypothesized to be  scalerows; rostral scale much produced and ridged with
a primarily nocturnal, worm-eating, viviparous, fossorial  a dorsal keel; dorsum brown with distinct small, yellow-
snake that is particularly active during rain, like most  black-edged transverse ocelli; ventral scale counts
members of its family (Rajendran 1985). much higher (181-230); U. ceylanica s. auct. (Western

Comparisons and differential diagnosis: The new  Ghats): anterior dorsum without distinct yellow spots;
species is here compared with the 25 recognized venter lacking a clearly defined brownish scale border;
species of Uropeltis from India (see Pyron et al. 2016;  ventral scale counts much lower (119-146; 130 in
Jins et al. 2018; Ganesh & Achyuthan 2020). By having  holotype — Gower et al. 2008); U. macrolepis complex
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Image 5. Historical paratypes of Uropeltis jerdoni sp. nov.: A—BNHS
216b entire view | B—BNHS 217b tail dorsal | C— BNHS 217b ventral
views | D—BNHS 218b head lateral | E— BNHS 218b head ventral.
© 0.D. Adhikari.

(northern Western Ghats): 15 midbody scalerows; lower
ventral scale counts (120-140); dorsum blackish-brown
with yellow broken spots forming zig-zag crossbars
or annuli or a pair of distinct, thick, yellowish-orange
paravertebral stripes extending across most of the
body except near neck, where there are two large
orange spots; U. madurensis (southern Western Ghats):
snout much more rounded in profile; body colour rich
brown, dorsal scales with a clearly defined yellow scale
border throughout the back, giving a yellow-reticulated
appearance; no ventrolateral yellow reticulations, but
ventrals with large alternating yellow blotches; ventral
scale count 144-157; U. myhendrae (southern Western
Ghats): dorsum with brownish-black body, each scale
with yellowish posterior border forming more or less
complete band or annuli; part of rostral visible from
above distinctly longer than its distance from frontal;
ventral scales 139-156; U. phipsoni (northern Western
Ghats): a pair of yellowish lateral streaks along both

Ganesh et al.

Image 6. Devarayana Durga, the type locality of Uropeltis jerdoni
sp. nov. showing the rocky hillocks, the vegetation type and the
presence of buildings, roads, and tourism. © K.G. Punith.

Image 7. Nandi Durga, another locality of Uropeltis jerdoni sp.
nov. showing the general view of landscape and contemporaneous
habitats. © Raghunath R. Belur & Sugandhi Gadadhar.

sides of the body; part of rostral visible from above
distinctly longer than its distance from the frontal;
ventral scales 138—157; U. rajendrani (southern Eastern
Ghats): ventrals 146-158; rounded snout profile; body
deep ochre brown; presence of yellow colouration in
the ventral scales; part of rostral visible from above,
not much longer than its distance from frontal;, U.
rubromaculata (southern Western Ghats): presence of
two large red caudal spots; much lower ventral counts
(127-136); U. rubrolineata (southern Western Ghats):
presence of two ventrolateral red stripes; much higher
ventral counts (165-172); U. shorttii (southern Eastern
Ghats, allopatric): dorsal body brownish or bluish-black,
with distinct yellowish annuli or crossbars; ventral scales
137-156.
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Ganesh et al.

Image 8. Physical map of southern India, depicting the distribution of Uropeltis jerdoni sp. nov.: Devarayana Durga (type locality)—filled circle

| Nandi Durga—open circle.

DISCUSSION

Uropeltis jerdoni sp. nov. is the 26" species of
Uropetlis to be described. Recent descriptions of
Uropeltis were either from the Western Ghats (Jins et
al. 2018) or the Eastern Ghats (Ganesh & Achyuthan
2020). But in the present case, Uropeltis jerdoni sp. nov.
is described from the intervening region — the Bengaluru
uplands, that is flanked by both the Western and the
Eastern Ghats on either sides. In fact, the only species
of shieldtail snake known from regions in India apart
from the Western Ghats and the Eastern Ghats, is the

apparently ‘widespread’ U. ellioti (Gray, 1858) reported
from most of the hilly areas across the Indian peninsula
(Smith 1943; Whitaker & Captain 2004). Thus, Uropeltis
jerdoni sp. nov. is a previously unsampled new species of
shieldtail snake that has not been reported in literature
under any incorrect names. This is in contrast to U.
bhupathyi that was long-thought to be and misreported
in literature as U. ellioti (see Jins et al. 2018).

Uropeltis jerdoni sp. nov. is described based on
two, recently preserved, female road-kills (holotype
and paratopotype), six historically-collected specimens
and one uncollected, unsexed, live individual (referred
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material). These materials originate from two, nearby
(40 airline km apart) hill ranges — Devarayana Durga
(type locality) and Nandi Durga. Shieldtail snakes,
especially the diverse genus Uropeltis is a radiation of
cryptic species (Cyriac & Kodandaramiah 2017), with
each of the constituent species displaying very subtle
morphological variations (Gower et al. 2008; Ganesh et
al. 2014; Jins et al. 2018; Ganesh & Achyuthan 2020) and
occupying small, allopatric geographic ranges (Pyron et
al. 2013; Ganesh 2015). In the case of U. jerdoni sp. nov.
its nearest related congeners are U. shorttii of Shevaroys
that is 200 airline km south off Devarayana Durga-Nandi
Durga and U. ceylanica s. lat. of the equally-distant
Malnad part of the Western Ghats.

The localities where Uropeltis jerdoni sp. nov.
has been recorded, the Bengaluru uplands, is poorly
inventoried for biodiversity, especially herpetofauna.
T.C. Jerdon was perhaps the foremost naturalist to
explore the area in and around Bengaluru, when he
described a new gecko Cnemaspis mysoriensis (Jerdon,
1853), over 165 years ago. Uropeltis jerdoni sp. nov. is
a humble tribute to his pioneering efforts to inventory
and describe the reptiles of Bengaluru. In recent times,
five more new reptiles were described from places near
Bengaluru—Hemidactylus graniticolus from Harohalli
(Agarwal et al. 2011), Hemidactylus whitakeri from
Kodalagurki (Mirza et al. 2018), Cyrtodactylus srilekhae
from Thathaguni (Agarwal 2016), Hemiphyllodactylus
jnana from Kodigehalli (Agarwal et al. 2019), and a
snake Lycodon deccanensis from the same Devarayana
Durga (Ganesh et al. 2020). These works well indicate
that further explorations around Bengaluru would reveal
further reptile diversity, endemism and novelties. As for
the genus Uropeltis, the recent taxonomic research and
increase in diversity hints that more studies in this and
other genera of uropeltid snakes will add to the growing
body of literature on their increased taxonomic diversity.
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Appendix 1. List of preserved voucher specimens studied.

Uropeltis ceylanica: MAD no number from Perambikulam; another unnumbered specimen from Cochin; MAD 1938
from Attikan (Mysore) E. Barne’s collection, from ca. 5000 feet, in June 1938; more unnumbered specimens, from
Nilgiris, Cochin and Travancore; CESS 092 from Pakshipathalam, Bramgiri, Kannur District, Kerala; CESS 281, from
Coorg, Madikeri District, Karnataka.

Uropeltis dindigalensis: MAD no number from Sirumalai, Madura District.

Uropeltis ellioti: CESS 079, from Chemmunji, Peppara WLS, Trivandrum District, Kerala; CSPT/S-81 from Shevaroys,
Salem District, Tamil Nadu.

Uropeltis grandis: MAD no number from Anamalai, Coimbatore District, Tamil Nadu.

Uropeltis liura: CSPT/S-3, n= 2, from Madurai hills, Madurai District, Tamil Nadu.

Uropeltis maculata: CESS 186 from Anaimudi Shola NP, Idukki District, Kerala; MAD no number from Anamalai,
Coimbatore District, Tamil Nadu.

Uropeltis madurensis: CSPT/S-6, from High Wavys, Theni District, Tamil Nadu.

Uropeltis myhendrae: CSPT/S-5, from Vannathipparai, Kanyakumari District, Tamil Nadu.

Uropeltis nitida: CESS 408 from Nelliampathy RF, Palghat District, Kerala.

Uropeltis cf. ocellata: MAD no number from Perambikulam; more unnumbered specimens from Cochin (Kerala) and
Kodaikanal, Palni hills (Tamil Nadu).

Uropeltis petersi: CSPT/S-7a from Kodaikanal, Dindigul District, Tamil Nadu.

Uropeltis pulneyensis: MAD 1929, n=6 collected by E. Barnes, during April-May, from 6000-6800 feet, Kodaikanal,
Palni hills; CSPT/S-4a, from Kodaikanal, Dindigul District, Tamil Nadu.

Uropeltis rajendrani: BNHS 3559 (holotype), BNHS 3560, 3561 (paratypes), n=3, from Bodhamalai hills, Salem-
Namakkal Districts, Tamil Nadu.

Uropeltis rubromaculata: MAD no number from Anamalai, Coimbatore District; CSPT/S-7 from Anaimalai, Coimbatore
District, Tamil Nadu; CESS 322, from Anaimalai WS, Tirupur District, Tamil Nadu.

Uropeltis shorttii: CSPT/S-80, n=2 from Shevaroy Hills, Salem District, Tamil Nadu.

Uropeltis woodmasoni: CSPT/S-4, from Anaimalai, Coimbatore District, Tamil Nadu.
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Abstract: Commercial trade of exotic reptiles through CITES (the Convention on International Trade in Endangered Species of Wild Fauna
and Flora) in India is relatively recent (<2 decades). Social media platforms and web portals are known to be used for pet trade. Exotic pet
trade is not legally regulated within India. Therefore, little is known on the scale at which this trade is carried out in India. We conducted
a two-year study between 2018 and 2020 gathering information of exotic reptile pet trade online and summarized CITES documentation
of the yearly import export records from 1976 to 2018 by CITES secretariat. This manuscript provides a baseline for the extent of the
trade, invasive species and the species traded in mainland India. We found that there is an extensive trade of exotic reptiles in the country,
comprising 84 species including the highly venomous species such as Bitis gabonica. According to CITES records of 1976-2018, 98.6% of
the reptile imports into India have not been reported to the CITES management authorities in India. We also found some evidence of trade
in protected native species through the exotic pet trade network. Furthermore, some highly threatened reptile species including many
listed in Appendix | of CITES are traded in India.
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Exotic reptile pet trade in India

INTRODUCTION

Globally, the exotic pet trade has increased over
the years and human induced translocation of species
has substantially increased during the last few decades
(Pimentel et al. 2008; Seebens et al. 2017). Live trade
in exotic reptiles is no exception to this increasing
trend (Auliya et al. 2016; Hierink et al. 2020). Trade
of live animals and plants is identified as a major
pathway of biological invasions (Mooney & Cleland
2001; Krishnakumar et al. 2009; Engeman et al. 2011;
Lockwood et al. 2019; Mohanty & Measey 2019) and
in some cases it also leads to the spread of infectious
diseases to other native flora and fauna including
humans (Karesh et al. 2005; van Borm et al. 2005; Pavlin
et al. 2009; Falcén et al. 2013; Mendoza-Roldan et al.
2020). Invasive species have wreaked havoc on native
ecosystems in different parts of the world and have led
to the extinction of several native species (Savidge 1987;
Mooney & Cleland 2001; Jones et al. 2008; Gurevitch &
Padilla 2004; Shine 2010; Simberloff & Rejmanek 2010;
Willson et al. 2011; Dorcas et al. 2012).

The international trade in wildlife is estimated to be
worth hundreds of billions of dollars annually and has
steadily increased in value (Engler 2008; Roe 2008). A
virtual display of exotic animals on the internet attracts
customers and it is a major outlet for trade in wildlife
(Lavorgna 2014). This medium (internet and social
media) has also been identified as a useful source to
document the scale at which the trade is carried out
(Vaglica et al. 2017; Jensen et al. 2019).

Approximately, 5,800 species of animals and 30,000
species of plants are covered by CITES in order to protect
them from over-exploitation by trade. India has been
a party to CITES since 1976. Currently, 897 species &
subspecies and populations of reptiles are included in
Appendices | (87 species), Il (749), and 1l (61), which is
~8% of the 11,050 reptile species in the world (http://
www.cites.org; Uetz et al. 2020). Reptiles are one of the
extensively traded groups of vertebrates in the exotic
pet trade. Approximately, 8% of the reptile species
traded in the world are regulated by CITES (Auliya et al.
2016; http://www.cites.org). India is high in reptilian
diversity (~619 species in mainland India) (Uetz et al.
2020) and there is a serious threat to native fauna due to
exotic pets as trade increases the likelihood of invasion
and spread of diseases. Furthermore, information on
the extent of globally threatened species in exotic pets
traded in India is not available. Thus, there is an urgent
need to document what proportion of the reptiles
traded into India are CITES listed and their International
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Union for Conservation of Nature (IUCN) Red List status.
The aim of the present study is to assess the exotic
reptile pet trade in India to determine: i) the extent, in
terms of traded species and trade volume, ii) associated
discrepancies in the CITES records, iii) potential invasive
species, and iv) discuss key challenges and provide
recommendations for monitoring.

MATERIALS AND METHODS

Online sale data

To understand the scale of trade (legal and illegal)
of exotic reptiles in India, information was gathered
from the internet including four social networking
applications (Facebook, Instagram, Telegram, and
WhatsApp) and websites listing exotic animals for sale.
During the course of two years (April 2018—March 2020),
we monitored 75 WhatsApp groups, 26 pet networking
groups on Facebook, 18 groups on Telegram, 11 groups
on Instagram, and 20 websites selling exotic reptiles.
The groups were selected based on their activity and
posts related to buying and selling of various reptiles.
Each selected group was monitored on a daily basis and
websites listing exotic species for sale were surveyed
weekly; additionally, photos and advertisements were
collected as evidence of trade and for the purpose of
species identification by subject experts. We followed
the guidelines on ethical decision making and internet
research (Markham & Buchanan 2012). All exotic species
were identified to the species level. These species were
categorized into four groups: lizards, snakes, turtles, and
crocodiles. The IUCN Red List and CITES Appendix status
of the listed species were considered to assess threat
levels. During the monitoring of social networking
platforms, efforts were made to access information
about the original regions/states from which particular
photos or advertisements were posted with the help of
the open-source intelligence tools (OSINT). The number
of traders recorded by us in the reptile pet trade ranged
from 1 to 27 in each state. We categorized the online
trading frequency as Low (1-9), Medium (10-18), and
High (19-27). Bar plots and pie chart were prepared in
R 3.2.0 (R Core Development Team 2017) using package
ggplot2 (Wickham 2016) and a map was prepared using
QGIS 3.10 (QGIS.org 2020).

Seizure data

To assess the illegal import of exotic reptiles through
different customs entry and exit points, information
related to the seizure of exotic animals was collected
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from multiple media sources including news reports,
seizure reports by enforcement agencies such as
Customs, Directorate of Revenue Intelligence (DRI), and
Wildlife Crime Control Bureau (WCCB) over a period of
two years (March 2018—March 2020).

CITES trade data

To assess legal imports of exotic reptiles into India we
accessed import data from 1976 to 2018 from the CITES
Trade Database (https://trade.cites.org/ last accessed
on 20.vi.2020). Only imports with the purpose codes B
(breeding in captivity or artificially propagation) and T
(commercial) were considered as only these two codes
clearly indicate specimens which were imported for the
purpose of trade. We cross-checked published CITES
trade data with the Wildlife Crime Control Bureau, New
Delhi annual report (http://wccb.gov.in/Content/CITES.
aspx).

RESULTS

In total we recorded 84 species of reptiles in trade,
many are categorized as threatened by the IUCN Red
List, viz: five Critically Endangered (CR), nine Endangered
(EN) species, and nine Vulnerable (VU) species (Appendix
1 and Appendix 3).

Online trade

There is an extensive virtual market for exotic
reptiles in India through social media; our findings show
WhatsApp, Facebook, Telegram, Instagram, and web
portals are the key media (Figure 1a). Websites often
advertised fewer species for sale than that of social
media platforms (Figure 1a).

In total, 70 reptile species were identified to be
traded via the various social media platforms, including
31 species of lizards, 12 species of snakes, and 27
species of turtles; no crocodile species were found in
online trade (Figure 1b, Table 1, Appendix 1). Among
lizards, varanids (Varanidae) were found to be the
most frequently traded species followed by iguanids
(lguanidae), and agamids (Agamidae). Twelve species
of exotic snakes (Appendix 1) were found to be traded
online. Python regius is the most commonly traded
snake species. We also found highly venomous snakes
such as Bitis gabonica and Drysdalia coronoides. We
found 27 species of exotic turtles and tortoises in trade.
Apart from Trachemys scripta elegans which are traded
in large numbers (Appendix 2), we also found some rare
and threatened species of turtles including Astrochelys
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Table 1. Number of exotic reptile species in trade found by this study
in mainland India. See Appendices 1-2 for complete list of species.

Listed for sale
by exotic pet
traders Seizures by enforcement authority
. . No. of

No. of Species No. of Species Individuals
Crocodiles 0 1 21
Lizards 31 12 45
Snakes 12 6 22
Turtles 27 3 12417

radiata and Malacochersus tornieri in trade (Appendix
1). Among the three groups found in online trade, more
species of lizards were traded compared to snakes and
turtles (Table 1).

We found five species listed in Appendix | of CITES
in the Indian pet trade: Cyclura lewisi, Cyclura cornuta,
Shinisaurus crocodilurus, Astrochelys radiata, and
Malacochersus tornieri (Appendix 1). Additionally, 31
species in trade were found to be listed under Appendix
I, and four species under Appendix Ill.

Furthermore, we found seven posts (5 species)
related to live reptile species which are protected under
the Indian Wildlife (Protection) Act 1972. These posts
led to the seizure/rescue of Geochelone elegans (N=11),
Geoclemys hamiltonii (N= 7), Pangshura tecta (N= 71),
Varanus bengalensis (N= 1), and Python molurus (N= 1)
from pet traders by the enforcement authorities.

Our study shows that Tamil Nadu (10%), Maharashtra
(9.7%), and West Bengal (9.3%) holds the major
proportion of traders dealing with live exotic reptiles,
followed by Kerala (8.5%), Delhi (7.3%), and Uttar
Pradesh (7%) (Figure 2). Most traders are based in large
metro cities (Chennai, Mumbai, Pune, Kolkata, Delhi,
Lucknow, and Hyderabad).

Seizure data

Fifteen seizures of illegally imported reptiles were
conducted by enforcement agencies, and a total
of 12,505 individuals belonging to 22 species were
confiscated (Appendix 2). The seized individuals
belonged to species ranging across four reptile groups;
including twelve species of lizards, six species of snakes,
three testudines, and one crocodile species (Table 1,
Appendix 2). Lizards were the most smuggled group; 12
species were seized by enforcement authorities in India.

During the two years period (2018-2020),
enforcement authorities successfully seized individuals
of five species listed in Appendix | of CITES: Cyclura
stejnegeri, C. pinguis, C. lewisi, Testudo kleinmanni,
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Figure 1. Summary of exotic reptile pet trade detected online, between 2018-2020: A—Number of posts/ads in various social media platforms
and trade websites, number of groups monitored in each platform are labelled on top of each bar | B—Proportion of species in different
groups (snakes, lizards & turtles) of reptiles recorded. Silhouettes are from PhyloPic.org contributed by Alex Slavenko (Lizard), V. Deepak

(Snake) & Andrew A. Farke & Yan Wong (Tortoise).

Table 2. Summary of species recorded in online trade, seizures and import data listed in CITES website. Categorized by CITES Appendices (I-111);

NA—Not available.

No. of species found on sale by pet traders in No. of species seized by enforcement authority No. of species imported to India
India in India via CITES from 1976 to 2018
Appendix | 1} n NA I ] n NA | ] 1
Crocodiles 0 0 0 0 1 0 0 0 2 5 0
Lizards 3 18 0 10 3 7 0 2 1 2 0
Snakes 0 5 0 7 0 3 0 3 0 2 0
Turtles 2 8 4 13 1 1 0 1 0 4 1

Crocodylus siamensis and nine species listed under
Appendix Il including Centrochelys sulcata and Varanus
prasinus.

CITES trade

We found that between 1976 and 2018 there were
25 different consignments of live import of reptiles
into India from other countries for breeding in captivity
(B) and commercial (T) purposes. This included 1,293
individuals belonging to 17 species including seven
species of crocodiles (63 individuals), three species
of lizards (208 individuals), two species of snakes (406
individuals), and five species of turtles (616 individuals)
(Appendix 3). These imports comprised of three species
from Appendix I, 13 species from Appendix Il and one
species from Appendix Il (Table 2). The import data
shows that between 1976 and 2018 only 18 individuals

of four species of crocodiles were reported to the CITES
Management Authority in India (Appendix 3). This
information was reported only for the year 2000 and
the remaining 1,275 individuals were never reported
(Appendix 3).

CITES data revealed that between 2000 and 2017,
seven Mecistops cataphractus and three Cyclura cornuta
were imported into India for the purpose of breeding
in captivity from Netherlands and Denmark. These
are species listed in Appendix I; however, there are no
captive breeding operations registered with the CITES
Secretariat for these species.
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DISCUSSION

This study reveals an extensive trade of exotic
reptiles in India for the first time, which includes many
threatened species. We recorded a total of 84 species of
exotic reptiles in the pet trade many of which are highly
likely to have entered India illegally. Twelve species
were seized by Customs Authorities at different entry
points (while attempting to smuggle into India) before it
reached the market for sale (Appendix 1-3).

Cities like Bengaluru, Chennai, New Delhi, Hyderabad,
Kolkata, Lucknow, Mumbai, Pune, Thiruvananthapuram,
and Vadodara in 12 Indian states have been historically
associated with illegal sale of Indian Star Tortoises
and people who kept them as pets (Moll 1983; WWF

Pragatheesh et al.

Figure 2. State wise distribution of
traders selling live exotic reptiles in
different Indian states documented
during this study. Online trading
frequency: low (1-9), medium (10-18)
and high (19-27). Cities with high trade
records are labelled in italics.

1994; Sekhar et al. 2004; Anand et al. 2005; D’Cruze
et al. 2015). We found similar results with high levels
of exotic reptiles being traded in most of these cities
(Chennai, Hyderabad, Kolkata, Lucknow, Mumbai, New
Delhi, and Pune) listed above (Figure 2). Extensive
trade and export of endemic Indian fish species through
exotic species traders was uncovered by Raghavan et al.
(2013). Similarly, we found that traders who sell exotic
reptiles are to some extent involved in illegal trade of
Indian reptile species as pets. This mainly includes
turtles (Pangshura tecta, Geoclemys hamiltonii, and
Geochelone elegans) and sometimes other reptiles
(Varanus bengalensis and Python molurus) which are
protected species in India, listed on the Schedules of
The Wildlife (Protection) Act, 1972. However, we did
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not find any evidence of native species being exported
during this study.

Social media platforms provide a safe medium for
trading exotic animals by maintaining anonymity of the
seller and forming closed networks controlled by group
administrators. On Instagram, traders were found to
display exotic reptiles by posting photographs, without
specific mention of prices for sale. On the contrary, on
open platforms like websites, very few exotic reptile
species and individuals were on display. The displayed
species (e.g., Iguana spp. or Trachemys scripta) were
usually available in large quantities for low prices
(between 120-160) and there were some species which
were sold for a higher price range (between 4,500—
40,000) per individual.

Among lizards, Varanus species were found to be the
most smuggled species followed by iguanids, agamids,
chamaeleonids, and scincids (Appendix 2). In March
2018, Guwahati police and forest authority conducted
a seizure of four Gaboon Vipers Bitis gabonica, among
several other wild animals. The consignment’s suspected
origin was Aizawl in Mizoram, reportedly, it was planned
to be sold to a trader in New Delhi. In another case,
the Chennai Customs Authority (CCA) detained a person
at the Chennai International Airport and confiscated
several exotic animals including a Horned Pit Viper
Cerastes cerastes, which was allegedly smuggled into
India from Thailand. Published reports on exotic reptile
pet trade in India are sparse (Soundararajan et al
2015). While the trade of live reptiles in India has been
recorded since 1983, extensive trade is only recorded in
the last two decades (Appendix 2—3; Ramsay et al. 2007)
and CITES import/export data shows an increase in the
number of traded species and individuals in the past
decade (Appendix 3). Undocumented import/export of
species and individuals is much higher than the reported
numbers.

Bush et al. (2014) reported globally a large number
of Appendix | listed captive-bred mammals and birds
and wild-caught birds and reptiles in legal international
trade. Seven species of exotic reptiles listed in Appendix
| (Cyclura cornuta, C. lewisi, Shinisaurus crocodilurus,
Astrochelys radiata, Malacochersus tornieri, Crocodylus
siamensis, and Mecistop scataphractus) and found to
be in the pet trade, but were not reported to the CITES
authorities in India. CITES trade data shows that until
2000 there were only eight species of reptiles imported
into India (Appendix 3). Only more recently the trade
has intensified in both number of species and individuals
(Appendix 3). Discrepancies in the number of import
and export in CITES data have been reported in the
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past (Blundell & Mascia 2005; Russo 2015; Robinson
& Sinovas 2018) and we also found similar pattern in
this study (Appendix 3). Species listed in Appendix | of
CITES are threatened with extinction and in general no
international commercial trade is allowed. International
trade in species listed in Appendix Il and Appendix Il
for commercial purposes is permitted, but only with
the relevant permits required by the convention. The
domestic online trade of CITES listed species in such large
quantities raises concerns about illegal imports into the
country especially given that 98.6% of the imports into
India have not been reported to the CITES management
authorities in India. Apart from the fact that these
imports were not reported to Indian CITES Management
Authority, they indicate a lack of compliance with CITES
Resolution Conf. 12.10 (Rev. CoP15) by the parties
involved.

Regulations for exotic species in India

In India, the import of exotic live reptiles is regulated
by CITES and Customs Act 1962 with the “Policy
Conditions”. The importer has to apply for a license to
import live animals (including their parts and products)
to the director general of foreign trade along with the
recommendation of the concerned chief wildlife warden
of the state which is to be furnished at the time of
custom clearance at “Exit” point. On June 2020, the
Indian Government (Ministry of Environment forest &
climate change (Wildlife Division) released an advisory
for dealing with import of exotic live species in India and
declaration of stock (http://environmentclearance.nic.
in/writereaddata/om/30052020WildlifeAdvisorySpeci
es.pdf).

Threatened species in trade

Already threatened wild populations of species such
as Chelodina mccordi, Astrochelys radiata, Carettochelys
insculpta, and Malacochersus tornieri if over exploited
for the pet trade, may be decimated in their native
range. The former two tortoises were identified among
the 25 most endangered turtles and tortoises in the
world (Rhodin et al. 2011). India as a signatory to CITES
should take serious preventive measures to avoid trade
of threatened species. As per the CITES Article VII,
Paragraph 4, specimens of an animal species included
in Appendix | bred in captivity for commercial purposes,
may be deemed to be specimens of species included in
Appendix Il. While some species imported in pet trade
into India are reported to have been bred in captivity
(Appendix 3) many other threatened species in trade do
not have this information. This is another reason to have
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a proper record for import and export of exotic species.
Lyon & Natusch (2011) showed that 80% of Morelia
viridis exported from Indonesia annually are illegally
wild-caught. Population declines have been reported in
some reptile species due to heavy exploitation for pet
trade (Parusnath et al. 2017).

Invasive species in the exotic pet trade

The Red-eared Slider Trachemys scripta elegans is
classified by the IUCN’s Invasive Species Specialist Group
as one of the ‘World’s Worst Invasive Alien Species’
(Lowe et al. 2000; ISSG 2010). A species native to the
Mississippi River in the United States, the Red-eared
Slider is now an invasive species in 75 countries or
overseas territories (Vyas 2019; Uetz et al. 2020). They
are often sold as small hatchlings but upon reaching
adulthood, these turtles are much larger and more
aggressive (Cadi & Joly 2004). This is often the case
for many other reptiles (Stringham & Lockwood 2018).
Thus, they are often discarded into local waterways
(Cadi & Joly 2004). Young Red-eared Slider turtles are
carnivorous; they undergo a shift in diet as they mature
to become omnivores (Ligon 2007; Boyer & Scott 2019)
and predate on native species of turtles (Vyas 2020).
They prey on local fish species and may compete for food
and nesting space with the native turtle populations
(Girondot et al. 2007).

In India, Red-eared Sliders were reported from
35 water bodies in the state of Gujarat which is also
the natural habitat for one or more of the four native
species of turtles (Pangshura tecta, Nilssonia gangetica,
Lissemys punctata, and Melanochelys trijuga) (Vyas
2019). Apart from Gujarat, Red-eared Slider has also
been reported from Karnataka, West Bengal, Punjab,
Hyderabad, Rajasthan, and Goa (Jadhav et al. 2018;
Chaudhuri et al. 2018; Vyas 2019). Until recently (2007),
there were no records of Red-eared Slider from India
(Ramsay et al. 2007) but now it is considered to be an
invasive species in India which if not tackled may pose a
serious threat to native turtles.

Red-eared Sliders are often traded in large quantities.
In the two-year period, 12,385 individuals were seized
by the custom authorities from Chennai and Trichy
international airports. Our monitoring of online traders
suggest that these turtles were sold at low prices ( 30
to 40 per individual) from exporting countries, due
to high availability, better survival rate, and small size
suitable for transporting in large quantities.
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Zoonotic diseases and fatal snake bites associated with
pet reptiles

Snake fungal diseases caused by Ophidiomyces
ophiodiicola have been documented in the pet trade and
are identified as responsible for the population decline
of free ranging snakes in North America (Allender et al.
2015). Multiple disease outbreaks in chelonians due
to ranavirus infections have been described in North
America, Europe, and Asia (Duffus et al. 2015; Marschang
et al. 2016). Global trade of reptiles and amphibians in
combination with the wide host range of ranaviruses are
suspected to have increased the emergence of these
infections (Stéhr et al. 2013; Marschang et al. 2016).

Iguana iguana as pets have been identified as a
source of Salmonella infections in humans (Sanyal
et al. 1997; Warwick et al. 2001). Furthermore,
several zoonotic diseases with high risk to humans
such as neuroangiostrongyliasis, pentastomiasis, and
sparganosis are transmitted from reptiles (Mendoza-
Roldan et al. 2020). Annually, an estimated 50,000
people die of snake bites in India (Mohapatra et al. 2011).
Importing venomous exotic pets and the danger of snake
bites from these exotic species impose an unnecessary
additional burden to the medical community.

Key challenges and recommendations

We identify six main challenges arising from exotic
reptile pet trade in India: 1. introduction of invasive
species, 2. spread of diseases from exotic pets to native
reptiles, 3. spread of zoonotic disease from exotic reptile
pets to humans, 4. trade of highly threatened species
poses serious conservation challenges, 5. trade of
protected species in India under the cover of exotic pet
trade, and 6. trade of highly venomous reptiles. Thus,
it is essential to introduce corrective measures to stop
illegal trade and regulate legal trade of exotic reptiles.
Systematic monitoring of the pet trade online will be
crucial to understand the extent of trade. India currently
lacks systematic information on even the relatively
better-known invasive reptiles; for example, the Red-
eared Slider turtles is not listed as invasive species in
India by the Global Invasive Species Database and there
is only one record of this species in India Biodiversity
Portal (IBP; Vattakaven 2016). Global citizen science
initiative iNaturalist have 395 observations of this species
in Singapore since September 2016 but only 34 records
from India during the same time period (accessed on
17 February 2021). We need better documentation of
introduced species in India and citizen science initiative
like IBP and iNaturalist can be a useful platform to record
and map distribution of such species. The general public
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also need to be made aware of the damage inflicted to
the native fauna and environment by releasing exotic
reptiles (e.g., turtles). International trade of threatened
species listed in Appendix | of CITES needs to be
eradicated in India with more cyber patrolling.
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Legal or unenforceable? Violations of trade regulations and the case of
the Philippine Sailfin Lizard Hydrosaurus pustulatus
(Reptilia: Squamata: Agamidae)

Sarah Heinrich &, Adam Toomes 2 & Jordi Janssen3i&

12 |nvasion Science and Wildlife Ecology Lab, School of Biological Sciences, The University of Adelaide, SA 5005, Australia.
13 Monitor Conservation Research Society (Monitor), Big Lake Ranch, B.C., VOL 1G0, Canada.
tsarah.heinrich@adelaide.edu.au (corresponding author), 2 adam.toomes@adelaide.edu.au, *jordi.janssen@mcrsociety.org

Abstract: The Philippine Sailfin Lizard (Agamidae: Hydrosaurus pustulatus) is a nationally protected Philippine endemic species. It is
threatened by habitat destruction, pollution and overexploitation for the domestic pet trade, yet less is known about the international
component of the trade. Here we investigate the international trade in Hydrosaurus spp. (H. weberi, H. amboinensis, and H. pustulatus)
with an emphasis on H. pustulatus. We analysed international seizures combined with international online sales and trade data for the
United States of America (USA). The export of H. pustulatus from the Philippines has been prohibited since 1991, except under special
circumstances, yet they continue to be traded internationally, and we found evidence for trade in Asia, Europe, and North America.
Most of these animals, however, were declared to be captive-bred. While imports to and exports from the US consisted mostly of other
species of Hydrosaurus, H. pustulatus was by far the most coveted species online, with prices significantly higher for H. pustulatus than
any of the other species. While not many seizures have occurred outside the Philippines, even wild-caught individuals were found to be
‘legally’ imported to the USA — in apparent violation of the Lacey Act. We recommend H. pustulatus to be listed in CITES Appendix IlI, in
order for countries other than the USA to have a legal basis to seize wild-caught animals trafficked from the Philippines and to monitor
trade in captive-bred specimens. Further, we suggest the use of automated cross-referencing between imported species and the national
protection status of the species’ native range states to ensure that legislation violations are detected at the point of import.

Keywords: CITES, conservation, Lacey Act, LEMIS, reptiles, wildlife trade.

Abbreviations: CITES—The Convention on International Trade in Endangered Species of Wild Fauna and Flora | DAO—Department of
Environment and Natural Resources Administrative Order | DENR—Department of Environment and Natural Resources | LEMIS—Law
Enforcement Management Information System | USA—United States of America | USD—US Dollars | Wildlife Act—Wildlife Resources
Conservation and Protection Act of 2001 (Republic Act No. 9147).
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INTRODUCTION riparian vegetation in coastal regions of different islands
in Indonesia, New Guinea, and the Philippines (Ledesma
Unsustainable wildlife trade, both illegal and legal, et al. 2009; Denzer et al. 2020). Hydrosaurus spp. are
threatens an increasing number of species globally known to be threatened by habitat loss and pollution,
(Rosser & Mainka 2002; Marshall et al. 2020). To ensure  local subsistence hunting, as well as overexploitation for
that international trade in wildlife does not threaten the pet trade, for which the hatchlings and subadults
their survival, the Convention on International Trade are especially targeted (Ledesma et al. 2009; Siler et
in Endangered Species of Wild Fauna and Flora (CITES) al. 2014; Department of Environment and Natural
entered into force in 1975. Currently, more than 38,000 Resources 2020). One nationally protected species
taxa that are threatened by international trade are negatively affected by trade is the endemic Philippine
listed in one of the three Appendices of CITES, which  Sailfin Lizard Hydrosaurus pustulatus (Image 1). While
regulate the trade in these species to varying levels;  H. pustulatus is classified as ‘Vulnerable’ on the IUCN
however, many species that are traded internationally  Red List of Threatened Species (Ledesma et al. 2009), the
are not included in the CITES Appendices, often because  remaining Hydrosaurus species have not been assessed
international trade data and/or other assessments are  to date.
lacking for these species (Purcell et al. 2014; Vincent et It has been suggested that there are two species
al. 2014; Janssen & Shepherd 2018; Janssen & Leupen  occurring in the Philippines, H. pustulatus in the north
2019; Jensen et al. 2019). The pet trade in particular has  and H. amboinensis in the south, but that their exact
increased substantially in recent years and reptiles are  distribution is unclear due to identification issues
among the most heavily exploited taxa for this purpose  (Ledesma et al. 2009); however, there is a general
(Herrel & van der Meijden 2014; Auliya et al. 2016; uncertainty regarding Hydrosaurus taxonomy and
Jensen et al. 2019; Marshall et al. 2020). While not the  species distribution, with more recent studies suggesting
largest in terms of volume, more species are traded that only H. pustulatus occurs in the Philippines (Siler et
for the international trade for pets than for any other  al. 2014; Denzer et al. 2020). Further, Siler et al. (2014)
purpose (Janssen: in press). Yet, as of November 2019, suggested that there are four species of Hydrosaurus
only ~954 reptile species are listed in the Appendices based on genetical analyses, but noted that further

of CITES (https://cites.org/eng/disc/species.php) — research is required. Denzer et al. (2020) conclude
approximately 8% of all currently recognised reptile  that there are currently five species within the genus
species (Uetz et al. 2020). Hydrosaurus, mainly based on morphological features.

Non-CITES species can usually be traded without Due to the unresolved nature of the genus taxonomy,
international restrictions that would ensure the there is a high likelihood of mislabelling during trade,
sustainability of the species’ exploitation, and only deliberately or otherwise. Siler et al. (2014) also
few national legislations protect non-native, non-CITES  describe at least six genetically distinct clades of H.
species in trade (Vinke & Vinke 2015; Janssen & Leupen  pustulatus restricted to different Philippine islands and
2019; Jensen et al. 2019). This is especially relevant  note that the sailfin lizards found in the illegal domestic
when it comes to nationally protected species that are  trade (at least in Manila) originate from a single clade
found in international trade. Many of these, such asthe  of H. pustulatus sourced from the Bicol Faunal Region,
Borneo Earless Monitor Lanthanotus borneensis prior  particularly the island of Luzon.
to its Appendix Il listing in 2017 (Janssen & Krishnasamy The Philippines has strong wildlife legislation in place,
2018), are illegally extracted from the wild in their range  which pertaining to terrestrial wildlife, mainly consists of
states and exported to international destinations, where  the Wildlife Resources Conservation and Protection Act
a lack of or inadequate legislation impedes efforts to  of 2001 (Republic Act No. 9147, hereafter also referred
counter this trade (Altherr 2014; Auliya et al. 2016; to as the ‘Wildlife Act’) and its implementing Rules and
Altherr & Lameter 2020). Once these animals have  Regulations. Pursuant to Section 5 and 22 of the Wildlife
entered a consumer country, they often continue to  Act, the preliminary ‘List of Threatened Wildlife’ was
be traded ‘legally’ (Vinke & Vinke 2015; Heinrich et al.  established in 2004 by the Department of Environment
2021). and Natural Resources (DENR) Administrative Order

Hydrosaurus spp. represent the largest members  (DAO) No. 2004-15, which was last updated in 2019 by
of the Agamidae family and can grow over a meter = DAO No. 2019-09. Since 2004, H. pustulatus is classified
in length (Denzer et al. 2020). These oviparous, as ‘Other Threatened Species’ and it is illegal to collect
omnivorous, semi-aquatic lizards are restricted to or trade the species (including exportation), except
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Image 1. The Philippine Sailfin Lizard Hydrosaurus pustulatus.

under special circumstances (such as an exemption for  with export restrictions, have likely contributed to them
captive-bred animals) which need to be accompanied not being widely available on the international market
by a permit issued by DENR. Before 2004, H. pustulatus  to date.
was classified as a ‘Rare’ species from 1991 according to Due to the relatively small captive population
DAO 91-48, equally prohibiting its collection and trade  and thus limited available offspring, H. pustulatus is
(including export) unless permitted by DENR, as is the  potentially atrisk of unsustainable harvesting if emergent
case today. Since 1991 there have only been three legal demand exceeds the availability of animals. Moreover,
exports of H. pustulatus from the Philippines, all of which  the unresolved taxonomy presents an opportunity for
were captive-bred animals, and no facilities currently  laundering, as H. pustulatus may be labelled as other
have a permit to export H. pustulatus for commercial  Hydrosaurus species that are similar in appearance yet
purposes in the Philippines (DENR Biodiversity have fewer trade regulations. Here we investigate and
Management Bureau, in litt., April 2021). characterise the scale of the international trade in H.
The Philippine Sailfin Lizard is known to be exploited  pustulatus and other Hydrosaurus species, with specific
for the domestic trade (Sy 2018; Sy 2021), yet less focus 