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Abstract

In Thailand, the Sunda Pangolin (Manis javanica) is classified as Protected Wild
Animals under the wild Animals Reservation and Protection Act B.E. 2562. The pangolin,
now recognized as the world’s most trafficked, is Critically Endangered (CR) and listed
in CITES Appendix |, but conservation efforts are hindered by a lack of knowledge
about the species' life history on where populations still exist. Our aims were (1) to
assess population and distribution, and (2) to gain insights into its home range, mability,
diet and foraging behavior, and (3) to study phylogenetic relationships of Jpangolins.
We conducted the first range-wide systematic survey for the species using,a camera
trap survey undertaken across Thap-Lan National Park and PangeSidayNational Park.
The Sunda Pangolin has a patchy distribution and a very low pépulation about 77
individuals in the study area. This species is solitary, primarigan®cturnal (sometimes
crepuscular), and largely terrestrial although it is fully capalle”of climbing trees and,
like other pangolins. The habitat preference and burrew, characteristics of M. javainca
are found in two different habitat types i.e. Evefgreen forest and Mixed-deciduous
forest. The peak activity levels were between 06:00 pm to 06:00 am. The 100% home
range estimated by minimum convexspolygons is between 0.07 and 0.38
individuals/km?. The phylogenetic relationship of mitochondrial DNA of pangolin shows
different genetic lineage in each ferestcomplex (Eastern forest complex, and Dong
Phayayen-Khao Yai forest compt@&xh, Further research investigating social, foraging and
reproductive behavior are adwogated and the benefits of such research to pangolin
conservation are summarised. We also propose more studies should be carried out to
improve the baselipaéydata on the ecology of species for getting support for the

conservation of thexsunda Pangolin.
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feagspmrinaduaeigi 14700° wille warsywinaduansigail 101705 - 103714’ sxiusen
AseuAauiuTuIY U s T iauass i Us13unys unsunen assys asvuda uasy3sud
Aulinewiidu - wﬂmjﬁwu'ma?']ﬂ”aum'aﬂ'15au§ﬂ1§ﬂawmwawﬂwmamq%amwﬁgﬂu
sepulstaLazseaulan TneamnyetBaluumasanussuuinanusssumisunainvan
Faud Undudu Undiuien drauuds lUaufisUnuganssa wazdnfess uazdadyang
Unwndeunszaneseginly

a aa IS ' < |2 & a o 1 [y
INITUUULIFANIWTITUEIONURINNRAY IN‘UUWNWEQ’]LEJM - L?J'ﬂﬁ/iiy AwUuUUN E;Jjﬁﬂﬂ

a | [ J a v &1 = a 3 o ¢ & v H
SUEN‘EIHWWUﬁqW“U‘bJUE]EJﬂ’N 2,500 ¥UA hardniu1uInng 805 ¥UA LWUUARILALIAN

Y

281U

a

A
112 ¥t un 392 viin dnildesaarulazdniaziiudiasiiuunsandu 205 siia wudain
Aven Indagiug wasdanudAyseszuuivg laud i@elase 419U nsefia Funs



e vuhu el @eanewa niae nivun 11901 wassudsdurn Jaduaeiug
Megluanunmilndgeyiusegredme



uni 3
AT HUNTISIVY

A aeg
WUy
nsnwdneiveuasiiugnssuvesuszgnsduynlurulinemg iy - wilng

lagdiudinuieaiunis Wun 9neueienfdnuaiuwazane1ueisuiuiednd el
JIVITEU 3,080 M919RlaLUAST Y50 1,925,000 13

F/N13ALUN1INY
1. NM3ANBIUTZTINIUAZNITNTZAE

A199U5291nIUarNINTZAELABITNTINNTAGITINVUA LHRNTTIA 66 Alans
Sruaudianan 57 n3n nsvateaTeUAqa 2 Aufitieysny léun angmlwisAvuaiu way
aneuRisrIAU19dnn Ineaelunaaznindisiavuialugiagisidenwiasdsianuy
Stratified Random Sampling aum 1X1 Alawas warg ghulnazluasd s uuALUILEY
d152997835N13UUU Belt Count ¥MN15d15995095avBIANYN SauAUNSAUMINGSS uay
nosa lnednisoyinstuiinduulnsedsfnugndaziazosdusznausiievadingass
(AI1UNT18 ALY AUEN QN AU AN ez ukas iU 1a7) Jadounden
Manrenmuazdaininlagseu (mmaﬂmmvé’uﬁﬁm%a AINAIATU FIANNTY 18*)
denulnsedarinisindandesngaeMnsnludd (Camera trap) Iumnmimﬁmﬁﬂ
ImammmaﬂmmmmumuimLwa‘wamaama zannanszNufienaintudenginssu
vosdniUndinuneg mmmmaamﬂmamwam‘[umimmazqmmmuauﬂuazaznm 90 Ju
devhmaAnindeddusoadmmndousesndwhmstuiinfidmmgiimans mneeszindes
Suitoud e wazaanlmoshumaivhnsdinges

2. NMaEREANGANTY

MNTITNsIUAuTILeAngUATaIRnA NG (VHF Transmitter) Ingfvuad oy
?{umﬂ‘ﬁ'Lﬂuﬁ'sLmuiumiﬁﬂmLLaz@mmquﬁmimﬁmuﬁgﬁyu 5 1 dadenduyniily
itz oorfuegluaninuindennazdnvuziussmeadiunnanaiu vieausniazidu
funudsendoogly gneruuianAinuauuazgneuisAadnn udazuietmunlil
n3d1TafamungAnTsud uravisluranguduasggusuudeidsndusrezingn 19
ufinteyangfnssuuasdnuauzmstinmineuwasTAnefiddy 1wy Pasawesmshianss
Tuseudu (M3nneu A1sMIAY) YueRufimAy (Home range) anNWAUEAITIEINT I3
osfdsznouvasdadoundonronndenldiuiluuazggnia sadsnmaifuieganeaya
WedmsesimgAnsaalunisidenldeinns
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3. Msdavihgutoyaiugnysy

sufunsiiviiegsvunazidenvesduni lnedaegadenazgaiivlilumasa
Audendldarstesiuidenudsi (EDTA) USum 1 - 3 daddns dmsuiiegisu
wgddunsifuimetsuuiidasnuy Ysvanw 5 - 10 14U Tdaswesduden udniuinu
fetndlilurosdudwesdifu ilewdemhdsiosjiRnismedluana

Frethaden 50 - 100 lulasAnsdefiogns wazauvesauYI 5 - 10 Wusefetd
ﬂvaﬂmmaﬂmmiwuﬁﬂssumstmaﬂm DNeasy Blood & Tissue Kit (QIAGEN) #1u35n 1394
NM3ANAENSINUTNTTY wdanTiy Wansiugnssulunsiay ma&mmmeﬂimmmiwuaﬂiiu
Tusunisfidenis feis Polymerase Chain Reaction (PCR) Imﬂ‘tﬁﬁmmm HotStarTaqg
Master Mix Kit (QIAGEN) U Primer 71z fusiunis Control Region (CRWCYtSchrome
oxidase subunit | (COI) wag Cytochrome B (CytB) 518aztdum Primepttiwaz sl inia
Fwart et al. 2021, Hsieh et al. 2011 way Zhang et al. 2015a AMF1AY (915199 1)

3

thuandn PCR Aildantunouiindiunaluvinldusdusieyn GenUP™ Exo SAP
Kit (BiotechRabbit) wafindvgesisateus 1iieldln 3 iasizdafuansiugnssy
Ae%n BigDye™ Terminator v3.1 Cycle Sequenging Kit antusshluiiesesilued g
AAsIERauaITNUgNsIU Applied Biosysterhs(3500 Genetic Analyzer

tnadduasiugnssud I ihaintiazdaees lunsdagiumisniinsg
Wiguguaaunugnssun18ldahgse Biokdit v.7.2.5 (Hall et al. 2011) wagasiq
#1977UIN15 (Phylogenetic tréd) BalUsunsy MEGA-X v.10.0.5 (Kumar et al. 2018)
Tn38 Maximum Likelihoochethod (ML) i 500 bootstrap Ll ot ugudesaiugnssy
¥99aurI uazlddduasfusnssuveswsntu (Felis catus) 1u Outgroup Tngandy
WugNTINAINEIANAR R, GenBank

A5199 18378a2L88AVaY Primer Alglun1sfnw

Aolnsies arnuvalnsiues (5°-3’) ALY 91989
L15997uni AGCCCCCAAAGCTGATATTCT Control Region Hsieh et al.
(CR) 2011
panDH15972 AGGGCATGACACCACAGTTATG Control Region Hsieh et al.
(CR) 2011
pangolin-COlI- AGATTTACAGTCTAATGCTT Cytochrome Zhang et al.
HZG3 oxidase subunit | | 2015a
(COI
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pangolin-COl- CCCATGTATCCAAAGGGCTCTT Cytochrome Zhang et al.

HZR1 oxidase subunit | | 2015a
(COl

PID_F CCCTCYAAYATCTCHGCATGATGRAA | Cytochrome B Ewart et al.
(CytB) 2021

PID R GCNCCTCARRADGAYATYTGTCCTCA | Cytochrome B Ewart et al.
(CytB) 2021

nsATIEidaya

1. N1SNTANYLAZNIT G NUTINAY

UsziugluuunazdnuaenisnsounseiiuiiAnyl lnenigTuduiusvestaya
n15U31ng) warliusingainnaesdnaienImeunannis Occupancy’sampling approach
Tayagninandaledusisuuuming wazgnuidignsruiuhasiiasgvinaniulusunsy
PRESENCE 13 (Hines 2006) waztilasainanuiduasailaamdlunisaisianudnivusazvila
TuunUusazUssnmuuiannuwandeiu wagldatmsgiulalunnguiienisdisia Wiy
1) (MacKenzie and Kendall 2002) #91 u, azaudnazid uvadlanialunisdsia
wudmiiluiundud3agnimus e e iasduwiniu 1 wesiuinlidudiiiu o
FWIANKALIBNIRINAI Wty sIuiudayaugIuN A IUNIEA KA ININ
a a & A ° v a s v A ) o &y o
nusingasaluniunAnwvilanisiiesagdnanisldnuiiendevesdaivniininug ndeuay
w1897 (Karanth and Nichol§2002)

GT’]LﬁumﬁLm’wﬁmaimaﬂizqﬂﬁw Occupancy modeling approach UU®ann1g

1 <) aa A, l/dy A [y Y] P o o 61
AMuUE T uNd NI IALY N UASIuAUAwUSvetananazdsanudn iU mune
(MacKenzie et al., 2002) #1uN5LUIUNISNIEDALUU Maximum likelihood (MacKenzie et
al.,, 2002; Hines, 2006) Tauuudtaeeiilaannsiaseiazgniniesaidulagan Akaike
Information @ritegon (AIC) wWarAILAa YU INUNVDILABZLUUTIABY (Akaike weights)
(Burnhamiand Anderson, 2004) TaguuudiassiififigaluniseSuievituieninuuiaziduy

X A o & a1 v a | < a ¢
YoInBaITUATEIIUTIvesdn iUl munegaslien AIC destian ogdlsinnalumsinsziing
wUamnliduuudasdlaasiidin Akaike weights (W) 11031 0.9 wuvdIaedluaIfiu
daluargnuunlylunisiiansunsua gl aniA1ad 890uuUTIa9dA1ing (model
averaging technique) 1agv1n15591A" Akaike weights vasuuudaosludusuusnasly
AUATEI A AT weights 1AW 0.9 (ALY T UV IENNITIAUT D8AE 90) (Burnham and

a

Anderson, 2002; Linkie et al., 2007) #8930 0 UiNA1SAIAEUUSEANS I TA A umUs

v

o Az luaun1siaen1 A A FuUTEA NS W Ve TWUTUA aEd I UA N Akalke weights
YDILUVUTIDDIUUS AIUUANNITAIUIUVDY Burnham and Anderson (2002)
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pr

R
h= ) 0w, ()
i=1

g1 0 HuFuusitldunuan model averaging 67 ArduUsEanSvaeiLUsuRazsn
%aﬂLLUUﬁ]’laaﬂ i Aldnn1sTasieinunannis Occupancy modelling approach Wi
foradeuindn (AIC weight) T09uAAzLUUSIABS 4AY R AD S1UILKUUTIABIT SVUn
mgﬂumﬂ%wmimﬂumimmLaaasuam,wumaaqqmma

m

SE(0,) = Z

" o Var@ilu) + 6 - 0, @

wdITuMsAaae Odds ratio fisssunnuidesiutesas0s, ieflasldluns
oSuesulsitldlunsunennuduiusvesnsdenlifuiiredadolapdeurionnianim
T wazdipuvesdniUndmune vinnisawiaain N Ay EnUsuaazaalaens
NINATINVDIAT Akaike weight Vo wUshaaziluynvowtuinaes (Burnham and
Anderson 2002)

A3YUUUTIAUTIRUT NsATOURs MUY - AduUsEANG vaeiLUsusAaz
IuLLUuﬁﬂaaﬂ%ﬂﬁﬁaaﬁlﬁﬁ]’mmﬁLﬂi’]zﬁi‘]ﬂﬁ’lL%WdﬂizUDUﬂ’lﬁll@ﬁﬂLLUUR]O’]aENLGTNﬁuﬁﬁMﬁU
foyatadouindonsineg lddassenlillgiuuuvesdoyaansaumeamaniiamans duduns
a¥rauvusanndeiuiicaemaiaugeileiiu Spatial Analysis Tuluswnsu ArcGIS 10.3 (ESR,
Redlands, CA) naitldainnisadnudlsiansd iuiuiiavduvesmsldfuiivesau
mﬂuﬁuﬁqmsnul,mwwaﬁumuuazqmmuummama?{m

¥ 4
a4 A ot

2. YUINUNQFY

AR IRORIANNUOUYRIAUTNTLAININGRAMINAT (VHF Transmitter) Aaein3es
GPS Garmin oy as1uniavesd uyaiaazdluiaAuiumauIaiuiende taglunis
a 5" Og.ll dy =) 4 dl A . . . . .

s En s sl Ldenldias eedle Minimum Bounding Geometry ez Minimum Convex

Polygon Tulusunsy ArcGIS 10.3

3. ANSUIANUEUNUSLTIITIAUINIG

ddutugnssudildunannusaziegislundaziumininninssiiioufisudiu
Wugnssua8lUsunsy Biokdit v.7.2.5 (Hall et al., 2011) wazas19a18ANTUNUS
W93 Tun1T (Phylogenetic tree) Aa8lusunsay MEGA-X v.10.0.5 (Kumar et al., 2018)
1438 Maximum Likelihood (ML) # 500 bootstrap terdugiudeyaiugnssuvesdus
wazlddduansitugnssuveawuntiu (Felis catus) Wu Outgroup
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uni 4
NaN15IgazaAUsIuNa

NAN1599Y

1. N5USZIUEIUATWUTEYINTUAZNITNIZIYVDIAUYN

msd1sauiudeyaniaauiy

M3dUsEIINsLAEMINTEIEUe ALY TABMTNINSARITIIIUN 6x6 Alalum Ay
masandesindenmdnlutfluiiufivesgnenuuisnanuaiu Suieiu 33 pid.ehaalng
psauAquitufl 1,188 mesilawes uadluiiufivesgnetuuisnfivnedn Swodliad 24 nie
yueilug) Asouaquitufl 864 msailawms (Fanwdl 1) aneluusaeARdizaaiinisgu
Fonn3ngosiiiensuvadrsinung ix1 Alawns S 1 uvas Topfdasdneuwmsnzas
nmaiudisamelussioznindmiudusuny dulunsindingdidndanmdalusa
TuwUaswuin 1x1 Alaiues Alddsadentd Swuiuisdu 4 @adfudazgnnandeainety
200 1w Andandesindrenmdnluifdeidesiulusedtan 90 Tu lneluusasiumisgg
Ansandasindrenindslud® vinsifuteyatadtu@aden anwitud uazmadneine
fids19mUYe AT loiur siomeswiulsifiAnlpssgusouesiulsl uazmnavednswivlsl
%maimiaammmaaumﬂ vilnvosunugBand oy usianilnge Usziandn anugs
MnsEFUi MG uarszssnuEuge i

1.1) WANNS9N3AANSBENNSAINADIANENLNTNDNLUIIRA

M3ATI908NA 899Dg N8N S ALUTA LU UT g NENUWs R iua U avan 33 N3AF1T
aunsaanen nauY el 20 n3a laun

- 3 TLAS Bqhsadnenmaurld 2 9adandes Ao gakandes TLA3.1 uay TLA32
Tnefruivasneesadunm@un Wit 1.02/100 way 0.89/100 trap night AR

- aERTLAG annsan e A usald 1 9adandes do 9adandes TLAG 3
TnefadauBusn1sniadun ndusin Wiy 0.79/100 trap night

- 03 TLA6 a@wnsaaea nd uvanld 1 q@eﬁgmé’m Ao qmﬁgjmé’m TLAG6 3
Tnefiaudvean1sniadun mans witdu 1.6/100 trap night

- N30 TLB1 anwnsnanenmauynle 2 ﬁ;@&gaﬂé’aa R fgmf?]gmé’m TLB1.1 way TLB1.3
Tnefenudivesnsnsandunmnauy Wiy 1.07/100 wag 2.15/100 trap night AN&1RU

- 130 TLB2 annsnsnenwanelél 2 yadindos Ao qadandes TLB2.1 uay TLB2.4
Tnefauivein1snsiaduninduean windu 2.13/100 trap night

- N3 TLBA ansnsadienwauyald 1 qesandes Ae gadendes TLBA.1 Tnefinrud
P9ININTITUNNALYI Wi 0.82/100 trap night
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- A TLB6 anunsncenmauwaild 1 9ndandes Ao gakendes TLB6.2 Tnediaauii
YBININTITUNNALYI Wi 1.07/100 trap night

- N30 TLBS anunsndienwauyld 1 qesandes Ao gadindes TLBS.4 Tnefinnud
PBININTIITUANALYI Wiy 1.29/100 trap night

- 38 TLC3 annsncenmduwaild 1 9adindes Ao ganindes TLC3.2 Tnediaauid
193N159599FUNMAWY WU 1.11/100 trap night

- n3A TLCA anansndienmdusld 2 gadandes Ae 9adendes TLCA.2 uas
TLC4.3 Inefianudvein1snsadunimduean wiadu 2.65/100 uag 1.15/100 traphight
TN

- n3a TLCS awnsadienmauniild 2 9eaendas Ae qadandey/aLls.2 uas
TLC5.4 Tnafanudvein1snsaadunmdusan wiafu 4.08/100 uax0.98/100 trap night
RN

- 3 TLC6 ansnsadnenwausald 1 qasandes Ao qassnded TLC6.4 Tnsfinud
193n1595995UNMAUYI WU 1.15/100 trap night

- n3n TLD2 ansadienmaurld 1 9adindas AS gadandas TLD2.4 1ned
AUATeINIIITINTUNINEUYI WinAU 1.10/100 trapsnieht

- 3 TLD3 ansnsadnenmaurld 1 9nsinged Ae qarendes TLD3.4 Tnefinrud
Y9IN959TUNNEUY WU 1.02/100 fFap. nieht

- N30 TLD4 ansnsagnenwauyzilé 2 Qm%mé’m R Qmé?mé’aq TLD4.1 was TLD4.2
Tnefeufivesmsasadunmduem wiad08.54/100 ua 1.01/100 trap nisht AU

- n3A TLD5 amnsndenmdualé 1 9akendes A gasindas TLD5.4 Tasdaruid
193n1595995Un AU iU ,03/100 trap night

- 3 TLD7 anangeidpimauald 1 gasandes Ae qasendes TLD7.3 Tnefinrud
P9I TITUNNALBA NI 1.47/100 trap night

- n3n TLDBWnsndenmAurld 1 9adandes Ao adandas TLD8.3 lned
AuAveIn1IeShaFUN ALY Wi 0.73/100 trap night

- g¥ANTED10 ansnsncenmaurld 1 9adandes Ae 9asandes TLD10.4 Tned
ANBUB TN IS UN ALY Wi 1.32/100 trap night

“n3n TLE4 anansasienmausle 1 ﬁ;@&gaﬂé’aa R f\gmé?qné’aq TLE4.3 nefiaaud
Y0INNIAFIVTUNNEUYI WU 1.33/100 trap night

nsETamendesnanen ndnludiluiungneuuisnauedaiionun 24 n3a
41599 ansadennduylalu 7 n3a Ao

- 137 PDA3 @111308180 MAUYINLA 1 90Inaed Av 9afINaes PDA3.4 lagidl
ANATDINITATITUAINALYIT WU 0.69/100 trap night
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- n3n PDB3 ansadienmAurld 1 gadindes Ao aadandes PDB3.3 lned
ANERINITNTIITUNNAULI WU 2.19/100 trap night

- N3 PDB7 anansadenmAurld 1 9adendas Ao adandes PDB7.3 Tned
ANERINITNTIITUN ALY WU 1.78/100 trap night

- n3m PDC3 annsndnen naurld 1 gadandes Ao qadendas PDC3.2 Tned
ANATEINIATINTUANENYI WU 2.08/100 trap night

- n3a PDCT annsadneninaurld 1 gasandes Ao qadendes PDC7.2 Tned
ANATeINIRTINTUAMELYI Witu 1.11/100 trap night

- n3n PDCY annsadien naurld 1 gadindes Ao qadindas PICOS el
ANATeINIRTINTUAMENYI Witu 1.11/100 trap night

- n3a PDD2 ansndisnndusaild 2 9adandes Ao 9ddndoPDD2.1 uas
PDD2.3 TnefiA1udvein1snsa9sunImauYIn WAy 2.15/100 wagndi09/100 trap night
AUAAY

N
Wl k
(
S
= . ' a o
( 4 7 NI YNIUUHIFIANVATY
f / Y} B ! -
B A22024 # , ; ~
Wi w2)aa A Tas2n64 5
a1 ‘e By
3 Wl [edu]
As3 _ -
e i B3.2B8A
\ BLY, :
m" oy A 2 uz@,n, B7.2g74 3
- BLTHZ @ B31
f R 33':4 B
i i 53 16.26d
\ L = m%” ﬁ’ ol 304
| f 2034 offAZRS g A, @72 clo2, 0 w
| c2 C““é y e
)i 4 2 S o4 €103
\.L 8 6 0. r—
1 - LB e N P
] “611,1 yj p1o1 N
§ Da1D1Dd ey
= i\ zane. D33 12f bs 3 ] Dlanga PS5, -~ ;
i ns.a O\ ]
/ P m%ﬁu o mfé“‘g:_z : e~ 2
B33 = TR ] 7. o
O | gl T mal) oz, | o lgsu
Y : . i - R A
1¥) es e 1 | m3ma B3 Oop =0 Jps.20s4 ng 53
- i D B fme3
N
4304 ocxa AL
O szesa 62063064 0‘(4'_‘.‘5‘“2 ‘{',w.s b
" CE o o) C,’Zf? o1 /
S = D624 @t 1
(= 153054 . ik D938
D12 Cps2 = [
E©op .1
~ DL i 2 |
] a a = Ny S |
PNVTUUHIF AU NTA { { y
I 2} o
3 = - C3 . o
& S
P} PR P} PR P : .
¥ v A A o - 1] ~ Y 9 A A |rl v
(O] YAMINANNUNDY. NUATU O YANNANNUNDY. UNAA o YAAINANNNIWYAUFIT LA

AN 1 WHUTINSAFNTIUAZIARINA DIANAEN NS AL UTALUN U @ e UL AT UATY
WAL ENEUWIIYAUISEAN

1.2) A5USEIUUSETINT LA NS N UN DAY Y9AUTN
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mimauﬂiaﬁuﬁmﬁamaﬁumﬂuﬁuﬁqmaﬂuLLﬁqmwaﬁuawuLLazqmmuw’qsma
Unadian wuiauendinianseeis 2 ﬁuﬁqmmu TneAnlusosarnsaseunsesiiufiviiy
Yoway 35.7 vanaurndnisldvssleninuiiognaduduuasinuynguunnluil uiives
gneUWIYATTUaL uagannsUsediulenialunisdrinanviunnadsdiuiu 2 A
an1snandesdnarenmsmlud@ 100 Tu Ussiduauvuinuuresd uranlud ui
9NULNIAVUU uazgneuwisAtadan Inendn Occupancy Sampling A1ATIA WY
favua 77 61 flondvegluiiud

NaN153LAT1EYE Wiy asednuideasunisidenldiuiiendovesddeng WA
Snwmgnianisameesiiuivn annuaindy JEHTVNIINYUYY AINTTUTUPIUVBUY W
(571971 2) TnsArwandu szevisanyuvy Aanssusuniuvesyed e ptdAuygean
sensidenldiuiivedur (5 3) Auraniinisliuselovdlufiuiiiteuaiadutos
ansald i uiiUnldvainuats Useian nudaUaiddnvaredoud el ala s nnua uyn
THusslomdldunninniiu dusndrusnnudndosiuilndyatn wifluiiondefidun
deonldiinnunisanaiuainfanssuveanyedidudiuauiga Wi nnsUsedunudunui
91A T ANLALNNA DA UTINVNAY 1,792 Ansaidlans Andudosay 59 Yo uil
ONINUWANATIUATY wazeneuwisAUsEAN (R 2)

[

Tnediaun1sansulseiiuiuieade Mnanzaunadl

y = (-4.38) + (-1.25)slgpent (-1.52)threat + (1.31)village + (0.16)forest

A15199 2 LUUIIRBIFNETMISUSLLIUNITASOUATDND UBIAUUDIA UYINUN UN
NENUMTREUATY LavaneTuLianIRU1Em

n Model AIC delta AlCwgqg Model no. -2*Loglike
o) AIC t Likelihood Par

1 psi(stope,threat,village),p(.) 51738 0.00 0.6468 1.0000 4 509.38

2 psiSlope,threat,village,forest),p(.) 51859  1.21  0.3532 0.5461 5 508.59

A1919% 3 AAudAguesladelindeufineItassion siden NNV IAUYIN

Parameter Coefficient SE Odds Ratio  Importance
Intercept -4.38 0.640 0.01 1
slope -1.25 0.174 0.29 1
threat -1.52 0.201 0.22 1
village 1.31 0.222 3.72 1
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forest 0.16 0.078 1.17 0.35

gNUIIUHITIANIA Y

o

o <

ydnual

P Y 4

[ J vouaituntheysng
a o
ANUMINZAUVDIDUDIND

9 e
[ T4ios (10%) 320 a5 lawas

[ Tahunas 31%) 942 arsenTamns L
gnomvanaledan

=
I 300 (59%) 1,792 M1 1en lamins

AN 2 N1IAIANITAID 1@%‘&1/1mmyamaaaumﬂuwuwawmmmwmwumu WAy
memmwf\%ﬂm

™\

2. msﬁb NYAEINNLNAINEY FIINBUTIAN LaTWEANTIUNTATIANVBIAUY
lugnnssayn

6% u‘ﬁmsauaummmaﬂﬂsmmmmm (VHF Transmitter) FruIuiadY 5 6
‘U“L%ﬂ‘t%u gneduzIuinervesdurudazda 1iun twa vanidn wavnistavuln
msiiudeyaduniinisinedouazmiuluisas iy Yrsnarveanisvhisnssuluseuiu
Snwairnslaingds wazesrusznavvesasowindesluanmsssumifidnasenisdentd
ﬁuﬁlw,wiamhﬁuuazum'agqqma

auwNgnIuAngUNIalAnaILed (VHF Transmitter) o

Y

- dusiia P101F Al dntdn 4.7 Alansu Angunsalfinniusa wavtassluiiud
NENULYIRTUATY UShamheivindaneuuvisflngandnd Tuil 12 nuanius 2564
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- Ausia P102F wedle dnidn 15 Alanfu AngunsalRamuda uasddeslufiud
gVgLRIATIVAT Uinumbeivindgnenuwisnilneansiand Suil 25 nuaus 2564

- Auswa PLO3F iendle twiin 1.9 Alandu Aagunsalfinmue wazddesluiiui
oVELRIATIVAT Usumbeivinggnenuwisnilneansind uil 28 nuaus 2564

- Auswa P10aM e dwidn 2.4 Alansu Angunsalfinmue uasddeslufiu
oUW ATUA Y Uinamhefiindgvenusisndlneansiaf Juil 26 fuiau 2564

- Auswa P105M g dwidn 1.6 Alansu Angunsalfamuea uazddeslufiui
oUW ATUA Uinamhefivindgvenuwisnilneansiaf Juil 08 fquiou 2564

mimmqumﬂﬁumquL’;mmmmﬂamm’]mwwmmmmau%m e P1O2F (L‘wmu&l)
ANTUNITAAAIUA LA TUT 25 ﬂllﬂ’]‘l/\luﬁ 2564 14 02 LU 2564) wy gt adi ui
nsldusylevtinagmAumindy 0.07 m519Alawuns wazduvn SMaP103F (nafle)
Fuduntsfaniudaunuil 28 nuatus 2564 fis 26 wquAMIEEa WUTTVLIRA LT
nsldUselevinaganAumindu 0.38 mseilawns (1wl 3)Gusiiangunsalfnnius
wuindlszeznsrdnlunisiedouiivesnismiuuiishumsinuBuedsegi 64.2 wasde’u
(0-167 wnsAety) drudeyasnnisinnuausy RIGIF (wedls) PLOAM (wee) uaz
P105M (wef)) fuTinadesliiansoiuldussddoummmuilivsslondls
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P102F o

P103F

A 3 WNANUAYIAY (Home rang@hdBsauyin P102F uag P103F lngnisldingfnmus
(VHF Transmitter)

?{WU’JWﬁﬂMﬁﬂ@’]ﬁJﬂagﬂﬁﬁgﬂuﬁuﬁlﬂWa‘ULLéJ\‘iLLazﬂWLUiny\]‘Wiim lusgaumuge
PNUmMELas s 4005600 wns Inednuarinssdivedudmsunisuavusuidnvae
dulwsaflaldlayldwnn delnevlvasdnulfinudadaialnssddndundafetostu
Sunmenndpdiian uaztieinvgumnifiaaulugasnainaieiu eddumdonldinseds
o 3 LUy Ae InssRunTelnssasulain Inseruld uazFiuouvuwsuld Tnewuiinisden
TnssfaudagUssanvosd urnnd ueg fuiladonneg oy gumgd (guvgdingeds
ﬁLMuwzamagﬁUizuwm 25-26 saAaLdea) Usinanidly (USunasiwWuiiiusnntuiinaste
msdenldlnssSeusnvudulivesduean) vuinvesduliiialnseds (Fuldvunlng
HdUTOUIINNI 145 LURLINT) LLazﬂejmaqéfuiﬁﬁLﬁﬂImq WU Mzwun (Lagerstroemia spp.)
g (Dipterocarp spp.) nsgun (Irvingia) @uws (Tetrameles) Wagvnoinas (Erythrina)

ToyaanndesnnareninsmludAuud liiiuiidurndudadnifunanfu
AngANITUNINUKAZNI5LAA oUN T 198U 18.00 - 06.00 . TnenudAanTsuLTutdu
Tu 2 933981 Aig 20.00 - 23.00 U. kag 01.00 - 04.00 U. AN 4
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O
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0:00 6:00 12:00 18:00 24:00
Time

P ' ' a A [ < 1
AN 4 ﬂ')']iﬂ/iu’]LLUUG]EJL’J@']ﬂ']iW‘ULQ@@UGUQWIHNUUWQ\‘]WQJJWLUU - LGUWSLWQJJ

3. MIINIFIUTIUANIINUINTTUYBRLYN

nafiudiegannauyiiaasg Mo Tnethanatnansiugnssy wasiiluidiy
Ysunaiugnssulagldinaila PCR(Rolymerase Chain Reaction) Tusinuuis Cytochrome
oxidasesubunit | (COI) Cytochrdmé B (CytB) way Control Region (CR) WU 1@131158
dinUSinaanstugnssulatuBviumia lunndedne snidu fee1s P101 Tusums CR
Fanandn PCR 71 ieBabudalaunazdsnuiu 2 uau wavid evna nslas PCR
NUARLAILNULBATAUATHUTNTTY A28lUSUNTY BioEdit v.7.2.5 (Hall et al., 2011)
uazdnafuighssuiLdu primer panwuIndvuassdl sunis Cytochrome oxidase
subunit | (GQN) tauaniugt PCR aun 797 Lua muuide Cytochrome B (CytB) T uansiausi PCR
WA 78 dddlez Alnis Control Region (CR) landansaust PCR wu1n 596 Lud

i ptdduasiugnIINaINNAA S PCR 79 3 unds wmeudusus
B TnmMInies Maximum Likelihood ngldlusunsu MEGAX v.10.0.5 (Kumar et al,, 2018) ua
T doyaiugnsuvesduriarngangiudeya NCBI Tu GenBank hsnllumsinnevisnenuii
puduus 3 TannmslunisAnwidazudseentdiiu 2 nqu e nduAunensni wazndy
Auledy G"haﬂwaﬁlﬁmaﬁﬂmiﬁﬂmﬁwgﬂwmﬁ’m@zﬂumjmaﬂ?{uﬂm Fadungueos vosdu
@l dwsudiegns P102 fu P104 uaz P103 fu P105 fwwnliuuuseenundunguees luvae



ffeg1s P101 llauusanngudeyaiiugnssuvesduyinilauiaingudeya NCBI ags
FnaU (319az1d8nmUA NG 5)
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93 AJ421454 1 _Manis_tetradactyla
MF536683.1_Manis_tricuspis
KP306514.1_Manis_tricuspis
8e MG196310.1_Manis_tricuspis

MF5098251 _Manis_tetradactyla

MG1962991 _Manis_tetradactyla

ED KP125951.1_Manis_temminckii
F MF536687.1_Manis_temminckii
KP306516.1_Manis_temmincKii

MG196303.1_Manis_gigantea
% MF536684.1_Manis_gigantea
MG196301.1_Manis_gigantea

1|:|D KT445978.1_Manis_pentadactyla
Pu1T3358591 _Manis_pentadactyla

MG196308.1_Manis_culionensis
— P11

MG1953[}21 _Manis_javanica

NG 026781.1_Manis_javanica

KP306515.1_Manis_javanica
- KT445879.1_Manis_javanica
25| P102
P104
P103
88' P105

n1o

outgroup

AN 5 uaadRYIIANLELTUSITITAIUNN1TAI838 Maximum Likelihood 7 500 bootstrap
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1. NSUTZHUADIUATNUTZINTAZNITNTLANEVDIAUBIN

miﬁ”ﬁ’mLLazmaaaaUﬂé’aqﬁﬂﬁhEJﬂ'nNé’m‘iuﬁﬁiuﬁyuﬁqm’mLLmﬁmﬁﬁ’uammﬂ
famun 33 A3a d1999 anansnaienInaurld 20 n3a LLaﬂuﬁIuﬁQ%EJWULLVN%’]@UN%W
NTavEn 24 n3a d1573 annsoaieamaurld 7 n3e durniinisnszaiedaviosuas
fuszrnsanmsUsaidiug 77 f luilufignenuuisenituausasgneuuvissivlsdan

(%
=

(W
Milvoyauszuun1svesdurineyi 1,068 A1 Ingniussinadnlusdnunuspadnn2s.6
AN519ntaLAS (UCN 2019)

PARNYI5IY 2,052 M15197tanns) Fadusnuiudssensndeadloiisuiuusswmpdeiiys

v a

A15ILASIERYAT TN 81T UNISIA DN T NUN DAL AUN L ALRAAUIIT WUAUYIN

=]

Anslauselesilunuindanuaiaduley a1u1s5atsfiunUlbaumdnanedanwuinunvid

SnwaizAsut1UalasinnudurnuldusslesdlaunnnIndaviwa us g nuaniaes

a

nunlndyusu wivunordefiduyindonlddnnunisanmuaInianssuveanywe

<

o o & a 1 [ & A o \A v a -
WJUINUIUNNN VINUIINATUTZLLUNUI BT UNUN DAL BAUNSANUINAVAUTIWNINY 1,792

e

msilatuns Andusesaz 59 vesiiufigneuwAgAvivaiuuazaneruuiagIfu1dnn

Suwal et al. (2020) Anwdadeiiertesiumgaantdiunenfenvansanvesaululssine
a o ¢ & o v o J ° o & Ay A

e nuduinishiusslovtdunnluiei ndesnuaindui s 30° - 50° YauiunUindl

SouganunAguUIunaid Ingnnizyl séiduiunonfeivinzauvesdululseneiudia

a o 1y & A

fiieauAsoay 15.2 Y0sNuUNUseMp

2. M3AnwaNwUSNWTAINGT FIINSUTIAN LAasNRANIIUNIIAITITNUDIAUYI

Tuanwsssua

ToyarnarsimmudyanaivgaurniidagUnsaliamudn wuAvdudeduuaiiug
mslusslosigiativigy 0.07 - 038 asailamns anusnondvegléviaiiuiitniundaas
Jnugangsn waid e1aud esunanusziany Wsuaqﬁyuﬁ'qmmuw'wwé?ﬁ’umuuaz
onenlny AU dndoudnstios lnons@nwausnidningfanudilussimadaalld
nUuransaegodsldlunannatsyssianin Hedrauysal (primary forest) wag
Uniifdaiiusa (secondary forest) Tneiufivnmadudessznauluseduldauialng
fislnssdmiuinuou mnnsAnundmuausniadeluridideggnldinssmdndies 3 wi
waziluunniufiend 0.06 - 0.07 MseAlawas (Lim and Ng 2007)

Aurnuiutnmg i - wilng @enldlnseSeueu 3 wuu fAe Inssmu nsewweudann
Tnseruls] warsiwouuunuld lnensAnwaus Ui U NImeTunNUaUAILYIN NUAUBIN
finsidenldlnssiuluniswnueu (Withaningsih et al. 2018) IngauldNiAnlnsssinoady
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auldaualvaididuseviannnii 145 wuiues adusueiilngidssiunsdne1ves
Lim and Ng (2007) fidausndentdauldaualngiiduseuinnuinnil 157 wualung

?{um’]Lﬂué’mfimﬁuﬂmqﬁumﬂmiﬁﬂmwuﬁwqamiumﬁuu,azLﬂ?{auﬁ‘lumaﬁqu,(;i
18.00 — 06.00 u. Inenuiifanssududuly 2 ¥aaa1 Av 20.00 — 23.00 . kag 01.00 — 04.00 .
Tnensfinerfanssuluseuiuvesd urilulsemadalus wudueanldssezinainiu
Ussaney 2-3 lae Sy wardifanssududulurasnandaus 03:00-06:00 w. (Lim and Ng 2007)

3. M3590YINFIULRANINTUTNITUYDIAUIN

= A Yo o [y a o 1 a), S
nsAnwilaldaduansiugnssuvesdurilu 3 s vululnagibnienduie
(mitochondrial DNA) & st usuny e daunainaisuazgni)ualel¥msdnwn
wAUduus I Taunnsdusdrwnn sufadudumnisiigniuldlitavenfuaiian
Ve uveINa1eignIunule (Ewart et al., 2021; Hsieh et al., 201¥;;buczon et al., 2016;
Zhang et al., 2015a, 2020) tloUITBYAINANUINT 3 U1 YFTRBUA UL BRAINUFUNUS
B3 Tamnnis vilidiusualdunisiianudmnznieiiugnasusiauyatusdagiufingull
Tnglusiog198u P102 wazdu P104 1Juda98198 U fitiuanainuinadingiusen
(ashwiusdnivnuenmlu wazauddrowmaadaivm 2 nssund) dmsudiegne P103
Y T LS & Aa < s & A )
way P105 WJudieg1eilauianiui dudaadwady - wilvg) Januiine 2 us du
= i ) a ~ de o ¢ ! & Ao !
fszggrinaiuuszuas 100 Alaluns yasd e ldaoyrosuywdog 53nI1anuNAINa13
bilenanisiedeunluanseninnguda@oduylululaduan dedu durlunisfinw
T3 suurldud azuansliiudemiduansaramisvugnssulunaaz i ui wazng uin
MmAvfeg 1l agslsinay Mgiiuduiudiegiswesdumiainudaziui azvililing
NSANNTAILE WY LarillaEMzianmLwInFcesiugnITIveE U AN 993
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1. NSUTZHUADIUATNUTZINNTAZNITNTLANEVDIAUBIN

n1sdTakaznTIaundasfndten s nludAlui uiignenuusssdyaiu
PNaMUA 33 N3 d1529 Aunsaanen ALl 20 n3a LLaﬂuﬁuﬁqmmumsmﬁmqﬁ
ANINTIVLA 24 N3A §1599 dunsadienwaurnld 7 nSa 91nMsIATERTeASRN oS
fumsidenldituiiendefimnsauvodurn wuaurniinslivsslenduiufidsin weandudey
a11150197 uA Unlamainuaned snud 1017 8 nvaz e ud 191 nig SNWUE uran
drarldsslondldinnninnii usnduannuanidesiuilndousl wiufiordodaus
donlddnnunisanaiuainianssuvesuywdidudiuiunig Wathannnsuseifiunudn
Huituiiendefivangauunnfudurnwiiu 1,792 ansilaing Asndusasay 59 VDI
NYIURIYIANIUATY UazaNEI ULy IRUIERN

2. N3ANWIANYAENITNAINGT FITNUATIEN WATNIRANITUNITAITINYBIAUYTN
lugnnsssuyf

n3fnwdnuugnednaineT@inendedn wasnginssy lnen13duduean
Aagunsaldanuda (VHF Trangdhitter) 91Uy 5 89 U918 urd1a1u1sney ode
IalunarnvatesznnUinevan Ul waz UL UYINT T mmqumzé’mfmmaﬁguwi
400 - 600 Lwms AurIdonlduzisiuoy 3 wuu Ao Insedu Insedulsl warSsuouuudiull
Imammafﬂ,waﬁaLmavUivmmaaaummuaaﬂuﬂmama6‘] D19iku LA U'ﬁmmmmu
waraavesullilfnlisese :nnsinnudyanainguas mwamwwmmwuaumw
wendle (s P202F) Bruafiufinislivselovdimaumiiiu 0.07 msnilames wazaurn
wiele (WA PLOBF) funaituiinislduselovdmtumiitu 0.38 mseilawns dugn
fiszozpaghgzanlunismausudsiinueuretuladoed 64.2 1uAs (0 - 167 lm3) uaz
fogatbnaosindenindalutftunuiraurdudnimiunaiu dwginssumauusy
UL aus 18.00 - 06.00 u. TaenuiiAanssududilu 2 daaan fe 20.00 - 23.00 w.
ez 01.00 - 04.00 u.

3. M139AYg1uTeANIHUGNITUYDIAUIIN

NSMANUFURUS T TIANUINTVDIAUYIINETT Maximum Likelihood Taglddsiu
ansiugnssuly 3 funds vululvAswAsEAOWe NaNSANYINUAUTIIINGIBENNANE
(P101-P105) Ynaglunguvesd uyin (97% bootstrap) wagiluuilyuAIIUTUNIEN
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Model 1 estimate std.error

Al psi.slope : -1.235266 0.670929
A2 psi.threat : -1.486962 0.688292




A3 psi.village 1.359642 0.709980

Bl p.bl : -4.373581 0.166425

Model 2 estimate std.error

Al psi.slope : -1.278798 0.685429

A2 psi.threat : -1.587460 0.739975

A3 psi.village 1.232632 0.724674

A4 psi.forest 0.439596 0.512943 &
Bl p.bl . -04.382538 0.167126 4 f&

?@@

ANSNUINT 2 HaN15USEEIUNNSATEUATBINUTIDNABWaLaN Al UNITAITIANUALYN

Untransformed Estimates of coefficients for covariates (Beta's)

Al psial
B1 P[30].b1l

estimate  std.error
: -0.588505 0.428914
: -3.970923 0.306098



Individual Site estimates of <psi>

Site estimate Std.err 95% conf. interval
psi 1 sitel : 0.3570 0.0985 0.1932 - 0.5627
y . BN
Individual Site estimates of <P[1]> @
Site estimate Std.err 95% conf. interval o) -
PI1] 1 sitel : 0.0185 0.0056 0.0102 - 0.0332
)

A1519WUINT 3 Naﬂ’liU%Lﬁuﬂ’JmMUWLLﬁULQaﬂﬁiaﬁuﬁﬂ%ﬂﬁﬁ\@

estimate é}d@
Al lambda.al : 3.8123@ 000434
Bl c(30).bl ;-14.5%(7 2.602985
>
Ny
N°
S
R
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