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Abstract

Pangolins are highly-threatened due to illegal imgntand poaching, and by the loss,
degradation, and fragmentation of their habitatsNEpal, effective conservation actions for
pangolins are scarce due to limited informatiortlendistribution of pangolins in many areas of
the country. To identify the nationwide distributiaof pangolins in Nepal, and assess the
environmental variables associated with their lapitve conducted an extensive literature
review to collate data from previous studies, cased information from key informant
interviews and expert opinion, and conducted tretinsarveys and sign surveys. The occurrence
of pangolins was recorded based on sightings aglidetst signs (such as burrows, digs, tracks,
and scats) along 115 belt transects of 500-megsrgth with a fixed width of 50-meters, and
habitat parameters were surveyed using 347 quadfatOm*10m. Pangolin presence was
confirmed from 61 out of 75 districts from the eastto the far western parts of the country. The
highest frequency of burrows (74%) was observettiénforested habitat constituting brown soll
with medium texture (0.02-2mm) within an elevatiamge of 500-1500 meters above sea level.
Logistic regression suggested that the occurrefgamgolin was highly influenced by ground
cover and canopy cover of 50-75%, litter depth, treddistance to termite mounds and roads.
We used 4,136 occurrence GPS points of pangolirowsrthat were compiled and collected
from the literature review and field surveys in@rtb predict the potential habitat distribution of
pangolin using maximum entropy algorithm (MaxEnt.B). The model predicted 15.2% (22,393
km?) of the total land of Nepal as potentially suigalblabitat for pangolin, with 38.3% (8,574
km?) of potential habitat in the eastern region, fakul by 37.6% (8,432 kfhin the central and
24.1% (5,387kr) in the western regions. The results of this stuidsent a national baseline for
pangolin distribution and serve as an importantudeent for developing and executing
conservation actions and management plans for dhg-term conservation of pangolins in

Nepal.
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1. Introduction

All eight extant species of pangolin, four in A¢Manis sp.) and four in Africa, are considered
globally threatened on the IUCN Red List of Threae Species (IUCN, 2019). They are also
listed in Appendix | in the Convention on Intermaial Trade in Endangered Species of Wild
Fauna and Flora (CITES, 2019). The best availabfermation (collated in the Red List
assessments) suggests that pangolin populationdeal@ing throughout their range countries
including in Nepal (IUCN, 2019), with the exceptioh Taiwan (Sun et al., 2019). Targeted,
untargeted, and opportunistic illegal hunting andghing takes place to supply markets for meat
and scales in China and Vietnam (Wu and Ma, 20@ntd? and Chin, 2009; Heinrich et al.,
2017), despite pangolins being protected within ynafrtheir range countries in Asia and Africa

by their respective national laws and acts (Chdkemnd Waterman, 2017).

Out of four Asian pangolin species, the Chinesggphln (M. pentadactyla) and Indian pangolin
(M. crassicaudata) are found in Nepal (Baral and Shah, 2008; Jnagtal., 2011; Thapa, 2014).
Both species are at risk of extinction due to fbdss and illegal trade for meat and traditional
Chinese medicine (Challender et al., 2019; Mahmetoal. 2019) Within Nepal, pangolins are
categorized as Endangered in “The Status of Nepdbsnmals: National Red List Series"
(Jnawali et al., 2011) and they also fall withir ghrotected list of species under the National
Parks and Wildlife Conservation (NPWC) Act 1973ngealins are widely distributed throughout
Nepal however they are recorded mainly from witlive@ protected areas of the country
(Khatiwada et al.,2020). The Indian pangolin hasnbeecorded from Bardia National Park and
Suklaphanta National Park (Shrestha, 2003) asagsdanke National Park (Kaspal et al., 2016).
According to the National Red list of Mammals ofddé the Indian pangolin has also been
recorded in Chitwan National Park, whereas the €@npangolin has been recorded in
Annapurna Conservation Area and Makalu Barun Nati®ark (Jnawali et al., 2011). Presence
of Chinese pangolin has also been confirmed fromaphiri Nagarjun National Park (Gurung,
1996; Shrestha and Basnet, 2005; Bhandari, 201BlParsa National Park (Gopali, 2015).

Chinese and Indian pangolins use a wide range lbitdts, including primary and secondary
tropical/subtropical forests, bamboo forests, daamsts, agricultural fields, and some degraded
habitats(Chao, 1989; Gurung, 1996; Baillie et al., 2014y8&l) 2011; Katuwal et al., 2017). The
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information on habitat preferences in Nepal by ey studies are highly localized to a single
habitat - tropical and subtropical habitat domidaby mixed and pine tree species. To date, no
efforts have been placed on identifying potentiabitats for pangolins. The main threat to
pangolins is overexploitation, but the lack of dtyainformation on ecology and population of
these species has made pangolin conservation h@fe Therefore, we aimed to 1) map the
species distribution by districts, 2) assess thgontant habitat features and their influences on
pangolin occurrence, and 3) predict potential l@bitacross the country. We also provided

suggestion to conservation actions in Nepal.

2.Material and methods
2.1 Study area

The study covered different physiographic zonesNepal such as Middle Mountain, Hill,
Siwalik, and lowland Tarai. The scope of this stsggns throughout Nepal, however, the study
excludes seven districts of High Mountain in thestgen part of the country (namely Dolpa,
Humla, Jumla, Kalikot, Manang, Mugu, and Mustandjeve pangolin populations are unlikely
to exist due to their landscapes being charactefizesnow, rock, boulders, and a shallow soil

layer (<30 cm).

2.2 Literaturereview

An extensive review of all available published amgpublished literature on pangolins in Nepal
was conducted through searches at different uniiess libraries, government and non-
government agents, national and international jlsrrand daily newspapers. These documents
were reviewed to acquire detailed information abthé status, distribution, and threats of
pangolins prior to selection of the districts (Sjtéor intensive field survey. These materials
included Bachelor's and Master's degree disseriatiddooks, government and organizational
project reports, newspaper articles, newslettedspamgolin seizure records in Division Forest

Offices and Central Investigation Bureau in thertou

We conducted web searches for journals and praegedif articles using Google Scholar and

Web of Science. During the web searches, we usgdwa@ds in English for pangolins
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(pangolin, Chinese pangolin, or Indian pangolimgd @ombined them with other relevant terms
(statusdistribution, habitat, threats, trade, conservatpoaching, hunting, seizures, rescued, in-
situ, and ex-situ). Given the general lack of infation on pangolins specifically, we also used
more general terms to search for studies that naag imformation on pangolins (endangered

species, small-sized mammals, burrowing mammatkaaneaters).

2.3 Key informant interviews (K11s)

Key informant interviews (KIIs) were conducted agi2016 to 2019 through emails, telephone
communication, and face-to-face interviews with kbg persons in the Division Forests Offices,
Sub-Division Forest Offices, Rural Development Cadttee/Municipalities, and Community
Forest personnel, university professors, and éxpeorking on pangolin research and wildlife
conservationists. Altogether 110 people were in¢sved to document the presence/absence,
status and distribution of pangolins in their redpe areas. The information collected from KllIs
were verified through scales, burrows, and photadgaevidence of live pangolins which were
encountered and rescued. Information about the atateyear of any encounters were collected
along with their knowledge of pangolin ecology dmehavior. We also conducted five expert
meetings during this period and each meeting ira@I¥5 to 25 participants. Besides the expert
meetings, several consultations and discussions wanized with government officers from
relevant wildlife sectors, professors, researchessservation stakeholders, and journalists to

collect their opinions on pangolin presence, stand distribution.

2.4 Transect and sign survey

Transect and sign surveys were conducted to deterthie presence of pangolins across the
country. The districts for the study were systenadlly selected to represent different ecological
zones; five districts in each zone (Tarai, Hill avididle Mountain) extending from the eastern
to the western parts of the country. The 15 sededistricts varied topographically (Figure 1)
and most of the sites in the Tarai region had rntizee 75% of vegetation cover that included the
tree cover and ground cover (bushes and grasdesglfitude of the survey sites ranged from 80
meters to 3000 meters above sea level, and varigams of their forested (tropical, sub-tropical
and temperate forests with mixed, coniferous, amdadrleaved trees) or non-forested

(shrubland, and agricultural land) habitat types.
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After the compilation of all the prior informatia@cquired through the literature review, Klls and
expert opinion, we developed pangolin monitoringdglines. The selected 45 field staff
comprised of researchers and university graduabes different districts who already had some
level of first-hand field experience of researchpamgolins. In addition to their first-hand field
experiences, the selected field staff were provideth theoretical and practical training on
pangolin ecology and survey methods to refreshr tkrowledge on the identification of
pangolin signs and habitat prior to the actuabfiglirveys. The level of confidence of the field
staff on identification of pangolin signs was asselsby test-visits to the habitat of pangolins.
Nine of the previously studied and reported sitastlte occurrence of pangolin presence in
eastern (Sankhuwasabha), central (Dolakha, Kavnekfapur, Kathmandu, Sindhupalchowk)
and western parts of the country (Banke, Bardia &utkha) were also resurveyed for
verification of the reported previous evidence. g&litional 12 unexplored districts from eastern
(Siraha), central (Mahottari and Rautahat), aedtern parts of the country (Parabat, Rukum,
Jajarkot, Kailali, Doti, Baitadi, Bajang, BajuracaDarchula) were newely surveyed along the
elevational gradientsA total of 60 people including 45 trained biologisind 15 local people

conducted approximately 7,200 hours (60 persbBday8hrs.) of surveys.

Pangolins are difficult to monitor due to their gke and nocturnal nature and burrow-dwelling
behavior (Willcox et al., 2019). Indirect signs gesially burrows) were considered as an
effective indicator of the pangolin occurrence maaea (Wilson and Delahay, 200Tyansects

survey (Supplementary Figure: Al a, b) and burr@aunts are used commonly for studying

burrowing species (Ingram et al., 2019).

From the location of a burrow (active/old) or anther evidence of pangolin presence
(digs/footprints/scats), a belt transect of 500aretvas laid with fixed width of 50-meters (25-
meters on each side). A minimum distance of 200=2rsetvas maintained between adjacent
transects to avoid overlapping of sampling areas.déployed a total of 115 belt transects within
the selected survey districts according to the gogohy and environmental gradient of the
survey area. However, the number of transects damnielifferent parts of the country due to the
topographical barriers and presence/absence obpamyidence. We laid three transects in each

site to cover large sample area.
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Based on the structure of pangolin burrows, buremtrances and the surrounding vegetation
(herbs), we searched for both active/fresh andboidows of pangolins along each transect.
Other indirect signs such as digs, footprints aralsswere also recorded (Suwal, 200NPWC,
2019) (Supplementary Table: Al). Upon encounteamiglence of pangolin occurrence during
the transect surveys (Supplementary Figure: A2 a, 8, e, f, g, h), the location of the evidence
was recorded using a GPS receiver (Garmin eTrex A@und each detected burrow, a 10
metex10 meter quadrat (N=347) was laid to assess théahalgeographic and proximity

variables (Supplementary Table: A2).

Legend

E Selected districts
:l High Mountain

[ ] Middle Mountain
[ ] Hin
| Siwalik

:I Tarai 0 75 150 300
km

Figure 1. Selected survey districts in differeclegical zones in Nepal.

2.5 Pangolin habitat preference and distribution mapping

The data from the literature, Klls and surveys weodlated and analyzed to establish the
distribution range of pangolins, and their relasioips with habitat variables. Based on the GPS

coordinates, the distribution map of pangolin’sitetbwvas prepared using ArcGIS 10.6 (ESRI,
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2016). We tested 13 habitat variables (forestedfomested habitat, canopy cover, ground cover,
litter depth, soil color, soil texture, elevatisippe, aspect, distance to water, road, settlement
and termite mound) (Supplementary Table: A2) arldcsed a minimum adequate model in a
logistic regression. Model selection was conduatetig a backward selection approach using
Akaike Information Criteria (AIC) to select the m&ldand Pseudo- Rvalues were calculated
using a Hosmer-Lemeshow test. All statistical asedy were carried out using R (R

Development Core Team, 2019).

The Maximum entropy algorithm (MaxEnt 3.4.1), adbimatic modeling approach for presence-
only data (Elith et al., 2006; Elith et al., 201/jsz et al., 2008), was used to predict pangolin’s
potential habitat due to its flexibility with sparsr noisy input information and good predictive
performance (Phillips et al., 2006; Phillips anddi,) 2008). A total of 4,136 presence records
were compiled from literatures and field surveysug@ementary Figure: A5). MaxEnt
automatically removes multiple occurrences withigrid of 1knx1km. For MaxEnt modeling,
we included an additional 19 bioclimatic rasterel®y which were downloaded from the

WorldClim database (www.worldclim.com) (Supplement@able: A4) at a 30 arc sec (~1 km)

spatial resolution (Hijmans et al.,, 2005). To remomulti-collinearity, variables having
correlation values >0.7 were excluded in the mduelding. Eight bioclimatic variables (i.e.,
annual mean temperature, mean diurnal range, iso#iey, mean temperature of coldest
qguarter, annual precipitation, precipitation of edti month, precipitation seasonality and
precipitation of driest quarter) and 4 topograpladables (i.e., slope, aspect, elevation and land
cover) were selected to develop the prediction mo8lspect and slope were derived from

elevation data of WorldClim which have similar riegimn with climate variables.

The model output was converted into a binary mapguthe logistic threshold methods which
maximizes the sum of the sensitivity and specifi¢itiu et al., 2013). We tested the model
predictive ability with twenty-fold cross-validatis and comparisons based on the Area Under
Curve (AUC) of the Receiver Operator Charactess{iBOC) curve. Then, we selected the
training and tested AUC above 0.75 which indicategasonable to high model discrimination
ability and good model performance (Elith et al00@) (Supplementary Figure: A6). The
imported data was reclassified into three claséésloitat suitability: low (0.22-0.50), moderate
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(0.50-0.75), and high (>0.75) by omitting the valdeelow the threshold as unsuitable habitat
(Shrestha and Bawa, 2014; Thapa et al., 2018).

3. Results
3.1 Distribution, abundance and GI S mapping

A total of 77 pieces of literature were reviewednpoising project reports (N= 14), journal
articles (N=22), relevant books (N=8), dissertagigiN= 19), newspaper articles describing
seizures, confiscations, and rescue and releass ¢bls- 14). Together with Key Informant
Interviews (KlIs), and transect and sign surveys)golin presence was confirmed in 61 districts
(81%), except in the north-western districts, astb® country. Out of the 61 districts, pangolins
have only been previously recorded in 28 dist{8#&%).

Two wild live Chinese pangolins were encounteregastern Nepal (Khotang) during the field
visits and another Chinese pangolins were caugi iy local people in Bhaktapur and
Kathmandu districts which were safely released biatk the nearby community forests of
respective districts in collaboration with foresafts, local conservationists and Community

Forest User Groupg$Supplementary Figure: A2 j, k).

Chinese pangolin was confirmed from 24 districtstiyosituated in the eastern and central parts
of the country; eastern (Saptari, Jhapa, llam, Rb& Panchthar, Terathum. Khotang,
Taplejung, Sankhuwasabha, and Solukhumbu), cefiakwanpur, Sindhuli, Ramechhap,
Bhaktapur, Kathmandu, Lalitpur, Kavrepalanchok, @hg, Dolakha, and Sindhupalchok) and
western (Palpa, Baglung, Lamjung and Gorkha). Tdwdigned locations ranged from Tarai to
Middle Mountain respectively. The study found evide of both Chinese and Indian pangolins
in central (Chitwan and Parsa) and western paré¢Kanpur, Banke, Bardia and Surkhet) of
the country whereas Indian pangolin was also restbid other districts in the central (Bara)
region and western Tarai (Kailali) region. For teenaining 29 districts with a pangolin presence

record, we could not identify the exact speciegyFfé 2).

10
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E Chinese Pangolin

E Indian Pangolin

E Chinese and Indian Pangolin
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m Protected Area 0 80 160 320
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250 N

251 Figure 2. Map depicting distribution of pangolinNiepal by district based on the mixed methods
252  used.

253 Atotal of 1,063 burrows of single entrance wereorded during the field surveys in this study,
254  spanning across the eastern (N=701), central (NsHB8@l western (N=176) parts of Nepal. The
255 highest number of burrows were reported from eastdepal in Sankhuwasabha (n=355
256 burrows) and Khotang (n=294 burrows) districts. Téwest number of burrows were recorded
257 in the western part of the countiyadeldhura, Nawalparasi, Surkhet and Myagdi (@)t

258

259
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Figure 3. Map depicting districts with confirmedepence of pangolin with burrow locations.

The average encounter rate of burrows was 18.%Wwarkm, and differed by ecological regions

with the highest rate in Middle Mountain (32.3 mwws/km) followed by Hill and Siwalik (16.6

burrows/km). Geographically, the encounter ratdwfrows was highest in eastern part (45.2
burrows/km), followed by the central (10.3 burrofksn) and western part (7.3 burrows/km)
(Table 1). Other signs such as scratches (N= 683 @N=13) and footprints(N=6) were also

recorded along with burrows in different parts o@iatry.
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Table 1. Relative abundance of pangolin in differparts ofNepal; Total count (N), Mean,
Standard Deviation (SD), Minimum (min), Maximum (xpa

Ecological Regions

N(MeanxSD)
(min-max)
. . . Hill and Siwalik Middle Mountain
Variables Tarai (5 Districts) (6 Districts) (4 Districts) Total

28 (5.6+1.5) 53(8.8+4.1) 34 (8.5+3)
No. of Transects 3-7) (4-14) 5-11) 115
Length of 14 (2.8 +0.8) 26.5(4.4+£2.1) 17 (4.3+1.5) 575
Transects(km) (1.5-3.5) (2-7) (2.5 -5.5) '
Total no. of 75 (15 +£20.8) (2 - 439(73.2+15.3) 549 (137.3+ 7.1) 1063
Burrows 52) (2 - 294) (3-355)
Burrows/km 5.4 16.6 32.3 18.5

Geographical Regions
N(MeanzSD)
(min-max)

Variables Eastern Central Western Total

(3 Districts) (4 Districts) (8 Districts)

31(10.3+£3.1) 36 (9 £3.6) 48 (6 *2.5)
No. of Transects (7 - 13) (6 - 14) 3 - 11) 115
Length of 15.5(5.2+1.5) 18 (4.5+1.8) 24 (3+£1.3) 575
Transects(km) (3.5-6.5) (3-7) (1.5-5.5) '
Total no. of 701(233.7+£160.3) 186 (46.5% 43.1) 176 (22 +50.2) 1063
Burrows (14.9 - 64.6) (8 -107) (2 - 146)
Burrows/km 45.2 10.3 7.3 18.5

3.2 Habitat features and influencing variables

Forests with mixed vegetation of different tree csp& dominanted b$horea robusta, Schima
wallichii, Castanopsis indica, and Alnus nepalensis were the main habitat type where the
majority of the pangolin burrows (74%) were recatd€he highest number of pangolin burrows
(48% burrows) were found in areas with 50-75% cgnopver and ground cover. Similarly,
more burrows were observed in brown soil (46%) aratlium texture soil (0.02-2mm; 69%).
Furthermore, burrows were distributed mainly inadtitude range of 500-1500meters with slope
ranging from 30-50 degrees (Supplementary FiguBafb; A4 a, b).

13



282
283
284
285
286
287
288

289

Out of 13 habitat variables, eight variables weleded in the minimum adequate model using a

logistic regression where seven variables were daionbe statistically significant i.e. ground

cover (50-70%), litter depth, distance to termiteumd (=<300 m), canopy cover, habitat type,

distance to road and slope (Figure 4). Probahlitgangolin occurrence was found to have weak

effect above 75% and below 50% of canopy cover,deateased with the habitat type moving

from the forest to non-forest habitat (shrublanmd] agricultural land) (Table 2).
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290 Table 2. The coefficients and respective odds satiescore, p values and confidence intervals
291 for the minimal adequate model for presence/absehpangolins.

Coefficient Odds exp exp
Ratio z Score  p-valuglLo Cl) (Up CI)
Intercept 0.211 -2.604 0.009 0.066 0.681
Canopy Cover (%) 25-50 0932  -0.161 0.872 0.396 92.1
Canopy Cover (%) 50-75 0.200 -2.287 0.022 0.050 0.794
Canopy Cover (%) 75-100 0.142 -1.582 0.114 0.013 594.
Ground Cover (%) 25-50 1.272 0.561 0.575 0.550 2.94
Ground Cover (%) 50-75 6.274 3.109 0.002 1972 19.963
Ground Cover (%) 75-100 0.605 -0.731 0.465 0.157 332.
Litter Depth (cm) 1.296 2946  0.003 1.091 1540
Habitat Type (Non- forest) 0420  -2031 0042 0182 0970
Distanceto Road (m) 1.001 2.366 0.018 1.000 1.001
Distance to Water Source (m) 1.001 1.791 0.073 (1.001.001

Distanceto Termite Mound (=<300m) 3.815 3.142 0.002 1.655 8.793

Slope () 1.069 1.997 0.046 1.001 1.142
292 [Note: Confidence Intervals are in exponential scal€]

293  Pseudo R? values (Hosmer-Lemeshow R*= 0.221, Cox and Shell RP= 0.262, Nagelkerke RP=
294  0.351, McFadden R?=0.588).
295

296 3.3 MaxEnt prediction modelling of the potential habitat

297 The validity of the model for the current distrilmt of pangolins was high (AUC=0.917),
298 indicating the selected variables described thériligion of pangolins in the country. The
299 model predicted 62 districts of the country aspgbéentially suitable habitat for pangolins. The
300 total predicted area of current suitable habitatpangolin is 22,393 kfi{ca 15.2%) in Nepal.
301 Among the total predicted area, only 2940°Koa 17.0% of the total predicted area) lies inside
302 the Protected Area system of Nepal. The model prediithat the eastern part as a potential
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habitat with 8,574 kfarea ¢a 38.2%), followed by the central part with 8,432%{ta 37.7%)
and western part with 5,387Krarea ¢a 24. 1 %) (Figure 5).
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Figure 5. Predicted suitable habitat of pangalinsepal.

Among the 19 bioclimatic variables used for the itsbprediction, elevation (25.2%),
precipitation of driest quarter (19.1%), isothertya{17.2 %), annual precipitation (12.8%) and
precipitation of driest month (11.7 %) were the mabntributing environmental predictors
which contributed 86% for the prediction of the galn's habitat (Supplementary Figure: A7).
The predicted habitat of pangolin ranged between rh&ters up to 2,704 meters in elevation
where the highest suitability class of habitat peb&t 1150 meters (Supplementary Figure: A8).
Low suitability habitat was found below 500 metansl above 1,750 meters.

4. Discussion

This study addressed the lack of understandingeofiistribution of pangolins throughout Nepal.

Before 2000, the presence of pangolins was recavdgdfrom 13 districts of Nepal, mostly in
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the central and eastern districts (Hodgson, 188éessha, 1981; Corbet and Hill, 1992; Suwal
and Verheugt, 1995; Gurung, 1996). Pangolin presevas confirmed in a further 10 districts

between 2000 and 2017 (Shrestha and Basnet, 20f¥paK 2008; Suwal, 2011; Bhandari,
2013; K.C., 2013; Khatiwada, 2014; Thapa et all1&Katuwal et al., 2015; Gopali, 2015;

Karki, 2015; K.C., 2015; Dhakal, 2016; Khadgi, 20B&harya, 2016; Sapkota, 2016; Katuwal
et al., 2017). The current study, however, coultdfmal any evidence of pangolin presence to
support the previous reports of pangolin from Baglulistrict (Shrestha, 1981; Jnawali et al.,
2011). Additionally, the local people in Achham, iBkh, and Rukum reported to have

encountered pangolins 15-20 years ago, mentiomagthey have neither seen a live pangolin
nor a pangolin burrows in the districts recenthhisT anecdotal information suggests that

pangolins may have greatly declined or even alrexdiypated in these areas.

Whilst pangolins and their habitats receive sonvellef protection inside Protected Areas, our
predictive models of their habitat suggest that tnodsthe pangolin habitats exist outside the
Protected Areas. Furthermore, field surveys inéddhat deforestation caused by forest fire, as
well as for developing roads, mining, cattle grazitogging and building construction has
caused degradation and loss of pangolin habitathal a similar issue in other pangolin range
states (China, India, Bhutan, Bangladesh, PakiSarh,anka; Wu et al., 2020), except in Taiwan
where the species are regularly monitored and ceasen actions are conducted by
conservation stakeholders including local commasitand the government of Taiwan (Pei,
2010). Thus, community based conservation, extensbnservation awareness programs, and
capacity building training for the relevant stakleleos (e.g. Protect Area and Forestry staff, local

communities) are needed for the long-term consienvatf the species (DNPWC, DoF, 2018).

This study found that pangolins were distributedtighout the country and mostly in the human
dominated landscape from the eastern to the weptetrof the country. Despite of the highest
elevation, burrows recorded for the occurrenc€lmhese pangolin was 3000 meters above sea
level which was located in Taplejung district ire tbastern part of Nepal (Wu et al., 2020). This
study found the maximum occurrence of Chinese pangathin the range from 1,500-1,844
(Supplementary Table: A3) meters above sea levathngupports the previous studies in Nepal
(Suwal, 2011; Katuwal et al., 2017) and in Bhuteant where the species has been recorded

within an elevation range of 1,300-1,700 metersvabsea level (Dorji, 2017). However, in
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China the species has been recorded from 760-Iyi#6rs above sea level (Wu et al., 2004)
and in Taiwan, the occurrence of the species has lmited to a lower elevation range of 200-
1,000 meters above sea level (Sun et al., 2019neGé& pangolins have also been recorded in the
tropical and subtropical mixed-type forests andcagpural land in Nepal (Gurung, 1996; Suwal,

2011) and in mixed evergreen and dry deciduousfaneBangladesh (Trageser et al., 2017).

Regarding the Indian pangolin, this study recortedspecies mostly in the tropical Tarai region
and also in the sub-tropical forest of the westeant (Surkhet district) of the country at an
elevation of 675 meters above sea level. Our sk similar to those of Mahmood et al.
(2017) from Pakistan, where the species was redoatile maximum elevation of 880 meters
above sea level in the sub-tropical scrub and syteal deciduous forests. In Sri Lanka, the
species was recorded up to an elevation range @420 meters (Karawita et al., 2018). The
predicted habitat for both species of pangolin eahgetween 132 meters up to 2,704 meters in
elevation where the highest suitability class dited peaked at 1,150 meters. Lower suitability
habitat was found below 500 meters and above Ig¥&8rs which indicated that the hilly region

provided more suitable habitat for pangolins in &lep

The greatest occurrence of pangolins was obsemtklkn 30-50 degrees slope in Nepal which
was similar to a study in China where the Chinesmggplins were observed between the slope of
30-40 degrees (Wu et al., 2004), and in Bhutan e/tteey were recorded between 25-45 degrees
slope (Dorji, 2017). In Sri Lanka, the Indian Palimgavas found at higher slopes of 45-60
degrees (Karawita et al., 2018). It can be infertleat pangolins prefer areas with medium
canopy cover (50-75%), rather than forests that@elense or too sparse. In addition, the study
showed weaker significant relationships among pam@zcurrences and canopy cover, habitat
type, distance to road, and slope. However, wedcoat assess seasonal variation and influence
of micro habitats due to the short duration of shedy. Therefore, further studies are needed to
investigate microhabitat preferences, seasonabt@n, and the possible impacts of climate
change on the species distribution, habitat, aegl availability to understand the spatial ecology

of the species and contribute to the pangolin cwasien.

The occurrence of pangolins was confirmed basednibyajon burrow presence, however, the

exact species of pangolin could not be confirmedthan burrow evidence alone. This study

18



378
379
380
381
382
383
384
385
386
387
388
389

390
391
392
393
394
395
396

397
398
399

400
401
402
403
404
405
406
407
408

therefore jointly addressed the distribution ofthspecies and also predicted the potential habitat
for both. The MaxEnt modeling on pangolin distribautand potential suitable habitat depicts
only 15.2% of Nepal's total land as potentiallytable habitat for pangolins where 5.8% lies in
eastern part of the country followed by 5.7% intcagmand 3.7% in the western part. Among the
selected geographic variables, elevation was th& méuential variable in predicting suitable
habitat for the pangolins which supports the previstudies (Suwal, 2011; Thapa et al., 2014).
In Nepal, the varying elevational range contributesliverse weather and climatic conditions,
temperature, rainfall and vegetation patterns; ieshrubs, and trees which could influence the
activities of burrowing mammals like pangolins. Téfere, the hilly region with less dense and
diverse forests along with appropriate climatepfedi, availability of food and less human
disturbance could provide more suitable habitatther pangolins. For this reason, community-

based conservation programs need to be given fyrioraid the conservation of the species.

This study demonstrated the potential distribubdpangolin habitat in Nepal using field-based
species-presence data across the country along bwgitlimatic and topographic variables.
However, the actual suitable habitat is likely te kesser than the model-predicted habitat
because climatic variables are not the only detenis of habitat suitability. This study
provides opportunities for further research andseovation actions, facilitates the establishment
of pangolin sanctuaries in suitable habitat ar@asl helps in the development of pangolin

conservation strategy plans and policies in Nepal.

5. Conclusions

This is the first study conducted on pangolins gp&l which extensively surveyed a large area
to collect pangolin records and verified anecdotidrmation through field surveys. This study
developed a database of pangolin presence recarolsgh reviewing historical reports along
with first-hand information from many unexploredwneareas. The study also assessed the
important habitat-associated variables and theftuences on pangolin occurrence and
distribution. However, we could not consider the tgpecies of pangolins in Nepal separately
due to difficulties in identifying the species plyrdbased on indirect signs. The causes of
declining pangolin populations and the absenceanfplins in areas where they were previously
reported indicates immediate need for conservaaiions. In addition, the study predicted the

potential habitat for pangolin in different regicasross the country. Therefore, the results of this
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study are crucial for further research, in forminli@tconservation and management plans, and
contributing to the long-term conservation of tipeaes both in Nepal and in other range states

around the world.
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