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EIE=

HEW VBN ZEHE5EZEBRERSEY ( stochastic events ) LIRIBEEE
(geneticdrift) WEHEFEMHBELST  WEHBYEBNEREMS - NOURITAE
WHNEBEEBZTHEZNMRER. =EINIR ( Pleropus dasymallus formosus )
AYUKIEDERE Y —  ARREEREETEHY  RomR4E  FEEER
WREMINRBEOER  AEFEEUENMTELIRBEN/ KR, RE—DE
BIKIIER BN EES R RIEE DT - RALMED FIZa—HARE
KiiEE DNA ETEBOT ; ZIMHBULENEGE - DIMEEMMYRERER
BVETEESAM M RIS - HIERENE LNGEEHESNEBEE PN 7B, REN
ElREHESEERENEEN L B MGBNESLSRERENESILLE.

FREE FOREBHIRBENNERIEESH ; MMEEDTHAR - AIZIR "Ik
BiREE ) A9 BT (Isolation by distance ) - WEAHMIE FiRE BN IFERBZE
HEEM. BLUEKEAERSITHES @ 1 109 FERENERARPRINYIEL 36 &
AEEEE (23 &, 13 M) - REFFERBESWER. BERTR - T3k
BRI R EENEESERY - ROJBEXEIFREREE 2L ( vicariance ) REHIAF
ERHERRRREEPIZE - AMBEEREERMOISIEEARENEE  BEERE

U

SERRBENE(L, HARBREBRERZ NTHEIBRDRRESBUNREETT -
WHTERNEREREELUBERENTRR - CHEAFHE/)\WiEE ARE R
BHNE ; MO ERRELSKRE  BEAHERSNEBSRME NS RIRAE

RefEAL - RERTGES NGB RBENENGRE D RAEFHESEAEKREN
SPAT )\ B L B BRI SR AR T o

FRRT  BEEE. SEEYMIER, BFE8. KGR, TER. MIKES
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Abstract

Small isolated populations are vulnerable to both stochastic events and the
negative consequences of genetic drift. For threatened species, the genetic
management of such populations has therefore become a crucial aspect of
conservation. The Formosan flying fox (Pteropus dasymallus formosus) is one
of the five subspecies in the Ryukyu flying fox (Pteropus dasymallus). The
population was once abundant on Lyudao (Green Island), however extensive
hunting and habitat loss led to its near extinction. Small populations of the
Formosan flying fox were recorded on Gueishan Island (Turtle island) and the
main island of Taiwan (Hualien city) in the recent decades. To examine the
genetic diversity and differentiation pattern among subspecies, we used two
different types of genetic markers, mitochondrial DNA (mtDNA) and
microsatellite loci, to conduct the genetic analysis. On the other hand, for the
effective monitoring of the population dynamics on Gueishan Island, we
established an identification procedure by polymorphic microsatellite loci and
sex-linked markers. Significant genetic differentiation was detected among most
island populations, with mitochondrial haplotypes showing some mixing across
the regions, likely reflecting historical colonization and/or dispersal events. In
contrast, microsatellite markers showed an overall pattern of isolation by
distance appeared to be driven by the presence of deep ocean trenches
between geographically distant populations. To date, there were 36 individuals
(23 males and 13 females) recognized on Gueishan Island in 2020 by molecular
identification. More samples will be collected in the future to build a more robust
demography. The current distribution of P. dasymallus and its subspecific
diversity therefore appears to have arisen through vicariance coupled with a long

history of gene flow across oceanic barriers. However, with the limited dispersal



occurs through stepping stones model, the pattern of genetic structure remains
to be dynamics and ongoing. We conclude that isolated island subgroups should
be managed separately, with efforts directed at reducing further declines and
performing an effective population monitoring, especially for subspecies with
conservation concerns. In addition, for the recently colonized population on
Gueishan lIsland, with high genetic diversity and multiple ancestral origins, it is
important to keep monitoring its population demography and further examine its

potential gene flow with other populations on adjacent islands.

KEYWORDS: genetic differentiation, island biogeography, oceanic dispersal,
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B =

NRBEBIUNEGERESEBIBREUGNEEFTESRS)  SLERBRERER
BEESRY, BREEBZERE =EERYERABElstrand & Elam 1993;
Frankham 2010; Jordan et al., 2016), BEEEEHRHERBAR EZERRE
ZHEE  FRAZEERARBEBEGREFRBNYE, EEOMEEEN - &K
Mo U BMt EEREEZ R 2R R MR OESHENRH S E-NRENEE
R, EENORSE  HUENEE  S§EDRATB—REYENRGEER
BE(Allendorf ef al, 2010, Shafer et al., 2015), HEZ=HE5EENIFEBR QT
. £ BREHRRES)NRIEZE  FoANREIGHEERERIERE
1TE) A (Frankham et al,, 2017; Hoban et al,, 2013, Polechova & Barton, 2015),

EUFRREEFE, MER)RBATROERTERAPER REFEREE
WEEAE  BEAEBRRZRPHELYIE(Cox ef al, 1991; Fujita & Tuttle 1991)
IMEEARERERERFIEN - B 7o BREERMIIESIMNNyhagen ef al,
2005; Shilton & Whittaker 2009) - FFZEAER MR EZEERIEY(WNEE) -
AR E KRB IERE MK E LT (Sheherazade et al, 2019), M @ #EBELZRR
BHOERRME  BUWEMER, SEANEBNSEFRIOFRAGIEER -
CERERBZBEHRARBENEFLERHEZRE(Cox & Elmgvist, 2000, Florens ef
al., 2017; McConkey & Drake, 2006; Mickleburgh ef al., 2002) - Big T & RIE
MEARE LWE=Y - HPEIEE 30 EIHERERIYIRE(IUCN, 2020).

EUAREBERELX  BERISERIIEBRRIERRTHNYE, RBAINE

(P. scapulatus) & =R Y& (Eidolon helvum)BIiEBE DT EE~ - ERR 72 BIEE BN



BERIEN - FEBERZEEIT AR (Peel et al., 2013; Sinclair ef al, 1996), FRANEREE
BRBNRE - OJsE 2R BMIEREE (natal dispersal), BRARKRELBEE - 5§
ERTSHEEER. UNEBNEEMEINE (P nigern). KEFINIE(P.
tonganus) 5 55L& (P. vampyrus) (Larsen et al., 2014; McConkey & Drake, 2007;
Tsang etal, 2018) Rl - BENMER F REMEBRZNESERELR - M#HNE
W i 8% 2 B — BB % 32 BC &% (panmiictic) ; MM S - WA IEMRE—AIN : B=E
& J0 88 (P. livingstoniy . 55 M & 4 I\ 98 (P. mariannus) & & EE 52 J1 48 (P.
samoensis—Ef SEIAIZIRBARIESEE B rEEBENERRIFEBR(Brown
et al., 2011; Ibouroi et al., 2018; Russell et al,, 2016), EEELAEIEBEBERE
e - BEAEANRBEEEYR  WEMS  HEURERE—NEEET;
mEE - AENSIEEE R EREB LN EEIEE NI (management units, MU)
(Epstein et al., 2009, Oleksy ef al., 2019),

IRIKINE (Pteropus dasymallus)fE7Zz DR FEE - B2 HARIKES.,
=& NIEEREILEAY B8 (Kinjo & Nakamoto, 2015; [Bl—). BRIE4IA @I E - o
REBEHEHSMZEHFEES - MUK BARKFEESMN N ERE-KRINEP. d
daitoensis), XEEINE(P. d. dasymallus), 3TEECINE(P. d. inopinatus) &)\ &
LLIRER(P. d. yayeyamae) - I RMINREERSE A B E—-=EINE(P. d. formosus)
(Yoshiyuki, 1989, Mickleburgh ef al,, 1992), MERMEIA IRMWIER B GR - BIE
BERERELTHNMESER - €22 E 185 (Batanes islands) R EHIEE S
(Babuyan Islands) - BRI AR # IEX an &% —o2i&(Heaney ef al, 1998) .

MEKIMBETHERERARREMBELKLEZE(UCN Red list) REBER S8
(Vulnerable)B9R B E AR (IUCN, 2020) ZifEE R EHNRBE IR R AEMEE (Vincenot
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et al, 2017), HHHBEH VT ERBBIIMNEARE, XREAZENIEES =8
ooiE - B AMOER 50-300 E1EAS(Wu, 2010, Saitoh ef al,, 2015) - EERBEIXER
RZRRE, HPF - RREKXRHDERIEESH RN XAL Y (Natural
Monuments) - JLEL KSR o071 B 4% 51 43 B X 5 /& 1) 7 (National Endangered Species) ;
MEEE  SENETESRIBHEEBBREETLEY. »I=EmE-FEK.
NEWLKFEFREINE BERYURLAEE AR HETEREMUENZE LR (Heaney
et al., 1998, Saitoh ef al, 2015),

RERDEBEMIED 1 L EERRARESHNMESIE-F AR S(Minamidaito-
jima) &b AR S (Kitadaito-jima) (Bl —) - EXE D BERBEME KRB LAEN &
ZWE & 2 Be[E (Saitoh et al, 2015), KB H TERFE R R KIEEE (Osumi
Islands) & Bl 52 i &% B (Tokara Islands) - i EKINEERY 2 #h 155 (Yoshiyuki, 1989),
SENEBETENMNELERM NS AMZEHFAE 1970 £ 80 £
& B ERENITENZEM TR  BELITRB(Lin & Pei, 1999), [EITE 2004 £
EAREFIF 9.7 km ENELEEECHINMENLIR - EEAEEHERTH
BENINEGSE, IS - B 2006 FLIE - EEEAERT LRI IEEEZE
RBIACER(Wu, 2010), HRIALE - HRBUEREEAEERERNRRTIEREAE
Eiflo

BRI R e 2 BTN G A o R B 0 EU VD28 R AN - B HE A ol sEER F BKEE
SRMIERINBRE BB E, ILE#A 150 EEIEEBR - BEHARERZZERE
1231 1200 km - Eh B E3 B IE7E R R K HA (Last Glacial Maximum, LGM) & &Pz
f&1H7E(Ota, 1998), BERMEZNEITRAVEBMFRER - £i6. P REIIKAIEE
BFES{EIRE(Ota, 1998, 2000) - It = K&ENMEERRKE TR EERE
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Ik B 48— 73 &Il 2 [8l 52 111 )8 Ik (Tokara Gap) & B R &8 ik (Kerama Gap)(& —)

(Nakamura et al., 2013) - BLEBWIL AR ARRVHIBRIS - (e £ KA ELL, &

KRk B EBZE KGR 2{E(Lin ef al, 2002; Toda ef al, 1997), =&t
B EREIFERIK(110 kmWER - EReEREBESZEM L - SEEERIKW

5
IR E B AR # B A E M EIE(>270 km)(Ota, 2000, Tominaga et al., 2015),
1M W 1l B2 5% B 75 B K OF B ¥ — B £} (Batanes Islands) & BB 75 §& 3% & (Babuyan
Islands) - TE =BZEFAIA_EHHEIREAAZAL - BN B = RERIEERHE(200 km) -
EfSEEERIR(150 km - MIE L BURMEIRE)E %3 (Bellwood & Dizon, 2013),
g - WL AR EBE B EE R ERE P AR DB R IR (Yoshikawa ef al, 2016) -
t—ERERR 7 BRELERESIBETRFEMRE ZHEH,

ERFRANNREZETER, BREEMREELESYNREEEME
CEZERAESELR  SRBIAHY  REFETCSRAEYEEE (Puechmaille
& Teeling, 2014; Korstian et al, 2015; Willams et al, 2020) X ik & B &
(Puechmaille & Petit, 2007; Zarzoso-Lacoste efal., 2018) - #AM - MR B E IEHEZ,
ML - BABANAZIHERNEEYE(Ortega & Maldonado, 2020), ZR&t
ENRE(108)FE - BT REIFERANRANRER DI BEJTNSRERTR
HFiE DNA - W EARR 2D ERVART - ANEERSIFE R (CAERERI - WK 2 &
ARGERERRE,

AMEREZFEECERMARIE DNA RMEEEREMEEERT - YISk
SENENEMDENEES RN NEEEE. BIRENEE—(a)EbMIKINEL:
ERAREEPNEBRZEY ; b EBNEEEEEM ZERE  BHEAENZE
HEEDENIDEIT -], ) BUBEBEREZEL - KhlEEE=EBLEMNH
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WG (BULUEREEARE)MFRE R A thRER A 2 BRI,
HEMABER ESHENEZMARTT  ()BRIESEEZD - EX\ELW
e EE2TEARSVEFS RN - MARIENGREFZEZMBEHBRIE ; (b)AE
DiEA - MR ZEBRBAENERRM - MAENEBRABEZNIIZRE -
@R 7 i BENERERR MAZHEE BN REENEEN L LEFER.
ARFFFRE—EEF I EERRBUNKREEN ; (o) F2H)\E LR 2B/
EARRE  FESEETZRVEEREF, Hf  SEXSHEEEREHMNE
Hh - MBLERMKREAZERNENGZERONIORI - MFE—ZBES/IH
%, BEUAZANENNZFERDRENOZEETE. RAMIREKEER
RERERELATE, HERNESRLKNT AR SEREESE - SEIERN
R - ANALEMLISEEZRIIRS - E2REESHAFBND L,
REENIHIER @ R "RRZEER, 2ot BEE3EZFEMAER
E MAEZEGTL(BEHAE. ZERE  WEARETEZNERRBRBER
BAR) AR IE IS R A RV RIR AN UBE B e B EEHIKINEREB BRI,
MmE "EEZANER, - BIRUT: () HEENERA,. RIBENKF—E
L& ETHTTRE  BARERERNE Z2BEFWEERE  ETEEHENS.
MRIEERE ARG SERERNNRSE - B EEREFNT, RIBEFEE, (b)TE
RizEieEiER), LREREEAS - HPGREIHHERA - BUAIELIE SN

SHREINRERBES DNA ZEEZKR - DURFAHURME



Mt 75E

75 7&

1R 2009~2020 FHAME - FFPREVSRVIR AR EIE : BFMmIRREES. Beks.
WiE. BEEEUNIERANRERNFEREERR, MANEAERE/N\ERE
MBI - T —FTRBEIMIBNUE R 7 S5/ (Mickleburgh ef al 1992) (Bl—).

BARBREERER A, MR, 2RIAASEFEERER, SRERIENS
3mm K/ - WERFRR 99.5%H0 B 5% A2, Allprotect Tissue Reagent (Qiagen)sk&z
BB 2 B2 E, MREARSHEEEER 0.5cc R RENR EDTA
MEZRMED., <HRINABBREITTREEAR ; MEHHERAIRTR 99.5%A8
#53% RNAlater RNA 12 £ 7l (Stabilization Reagent, Qiagen)™,

£ 2020 FHE - RIRRH R KB IBEFE - HPIREREE IS EZHH
KINERR - MAFEERENBRAIODEENGR. ARECHNEABIESERS

W RGRREEEZA - HA2RIR 5, 8, 10, 11 BRBUEEEETZHRER

& HIRB 7 130 rHBER 2 A RIBIRA - WK 10 BETHE - REF 12 &
(ERNESLEE R

mEMEAIR 12 BIRE 3HRERAR, TEEMTRERRE 11 HRBERT.
HR 2021 F1 7 - @& RE 3 HHHER 5 hRBER, #ER3BXRF6 &
BAR, MEBEBZRUMRANE D - BLUEKBFRBEEZFENRABEER L BIlL
REE (2020 F)89 12 EMRERETOIIIREER KRR FHERE - n=38) - B

RZMMENERAHCKEES - BAFEMRENFHERS - ERAEERENSEAS

FEHEHWDNT - AMABEZREZW S ; TCERESERZIZAAAEEERD -
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REBBYSREMHE  METHRRENEEERE Y EHEEH,
2. DNA Z=HU K PCR 5|F&#E

GRAERAREE, MR, <EIAES 1 DNeasy Blood and Tissue
Kit (Qiagen)ETZEEURIE ; BERHEERA - BIfEA QlAamp Investigator Kit (&
QIAamp Fast DNA Stool Mini Kit (Qiagen)Z£8%, B 2020 & 10 B Z & FTREMHE
ERBEBEEA - 5L Labturbo Nucleic Acid Purification Kit 4 EC Labturbo B &) %5HY
BFEEREY R ZEEG

SENBEEYIE 22 IE B IE(Brown ef al., 2011; Tsang ef al., 2019b;
Mohd-Yusof ef al,, 2020) - REZEREE 7 )\HER(J\H5]F). NEEEREE
T —HERGAESIF)ETARE. BYRERSIFEEERATIKINE - EXEURE
Bk 1~2 SETRR - ARSEUTISENETERERNER, R 7TERSH
R5IFH - AL\ E LT RE Z KIARFE F5(NC_002612.1)E 215K - s&tal
IEIR NI ARES E R (cytb, CONERZE—M5|F - MAREIER, 57828, KEXR
tH B 5 S AN B 5 — o

B &l 5 52 & (Polymerase chain reaction, PCR)RY42 2 FESETE 4 15 pl - B
= 20-100 ng AY1EHR DNA, 0.375ul 89 10 uM I[ERMKSIF & 7.5ul 89 Quick Taq
HS DyeMix (TOYOBO). PCR &M NURERZE : (1) HEMEERER 94 °C(2 2
$8) ; (2).BEOBE 94 °C (30 B). BIFE—MFHEREC (30 W) RIEEBE 68 °C
(50 #b) - ILFREREST 40 RIBEE ; (3).BAEEBRES 68 °C (10 ).

KR ABI 3730XL DNA Analyzer (Applied Biosystems)#1TERF - BT

il

B SeqMan K MegAlign (DNASTAR)E 1T 4R 88 & Lb ¥ BE Al (align). B MTRE

NCBI Genbank EEUS=ZHIKIES D ZEFRFS - B2 —2RKEFPREE
7



(Irabu-jima)#y/\ E LI 748 /5 5!l (accession NC_002612.1)(Nikaido et al,, 2000a, b);
PUK %2k B EF) £ & (Batanes Islands) WIEEENIERS - D AIZRBENE
(Batan lIsland) 5 7)18 & (Sabtang Island) - & NCBI %53 5% MN477630 X
MN477629 (Tsang et al., 2019a, b),
1HiE 2 DNA 2 HTRVER D - FFER 26 EZEMRMEE D F1F:5£1T(Chen

etal,2021) - PCR f048B275 5 10 pl - 1 10-50 ng A4E4E DNA, 0.5ul 9 10 uM
IE&B5IF & 5 pl B9 Quick Taq HS DyeMix (TOYOBO), PCR &R NIIRERAEE:
(1).ABEEE A 94 °C (2 D iE) ; (2).BHBE 94°C (30 7). SBIE 54°C (30 7))
MIERRE 68°C (1 7i8) - ULPEERIETT 40 RIBIR ; (3).ZLERAEES 68°C (10 7
i),

PCR ZE¥)7RE A ABI 3730XL DNA Analyzer #7047 - BLAEEE GeneMarker
4.2 (SoftGenetics) i@ R E—BAERNENEUER - FEAHE®E Cervus 3.0.7
(Kalinowski et al., 2007) & MLrelate (Kalinowski et a/., 2006) %17 & 52 A 357 + #& &
(FRFIRE) - MBREERVERE AR FHE PR—ERZ,

HI#RAE DNA 731
31 EEZRH

RIBRIAREE DNA FAIER - RAGEAEDREENESRLHSE, STMURE
I =E(Ps), BREEZEM(N), ZHEZE M (M), FEOE =2 (average number
of pairwise differences for each subspecies) - £ #tt 73 #7 X1 Arlequin 3.5.2.2

(Excoffier & Lischer, 2010)#77,



32 EESE

HFUD FE R R (analysis of molecular variance, AMOVA) - #|E oz fE
AYEE 0 (B2 E (Excoffier ef al,, 1992) - RBEHEHERNR—EBHMABER DT, 4B
SERNHEHSENEMAER - @974 Tioi@8A, (within subspecies) & G2/ |
(among subspecies)M R ENNLUIREY - SERBHRAFE D LRSS —miE - DIEE
DREETONIER, BEELEENEREE - RARREEREEEN o8 -
it A4l Arlequin 3.5.2.2 #97 - 113 20,000 random permutation 15z #EZE1E,
BB Os1/(1 - Osr)BEIEREBEBEE (genetic distances) IR - 1R oo BRI 5
{E#2 E (pairwise differentiation among subspecies) + DK EIERE 5 & FR &
(isolation by distance)RIAE (., W & I8 & A9 3 2 B B# (geographical distances, km)
ERBESWE P ORKREEEZR - ENVEARET PERE (Euclidean distances) Il Y B 24
HEE. HFAWA 11 BEERERBEMAITZH - 2RIRELE., #E. EE
RE, BRE., AEBEE, FPRHAS. HPEE. OXRBRAS., mMARE. ENERD
1BE -+ WP Arlequin 3.5.2.2 #1T Mantel test - X 20,000 {& permutation &8 4

WEERRE,

3.3 EfERNEEE
RE—L 7 ERE BB KB - 3 LERES Popart 1.7 (Leigh & Bryant,
2015)# 11 TCS 75/4(Clement ef al., 2002)HI E F B 4945 Bl (haplotype network) -

PO AR EKINE VB B4R,

3.4 HBHEER
ZEPRE - HEEREEREAS - #1T Modeltest2 (Darriba ef al., 2012)
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SRERBB R ATEE - W MEGAX LI Maximum likelihood 75%(bootstrap =
1000)ER K OEHRERZ G - LUSRINE(Pleropus vampyrus, NC_026542)

RINEE o

4. 512 DNA 731

REB-—EFNERMTHSUERHMENL). BERGFRHFAEH)RERGF
REEEHe) ; MEtHE—0E  RMFENESZES  FHESFUEAEEN). F

UEAEEERESHEBEAMMSHNSUERE, Ac). F19 Ho K He - MINET

SEEDEFIINAERGERI) - PUEGERE 2 Er0RE &R % (Ritland, 1996) - L

2181 GenAlEx 6.51 (Peakall & Smouse, 2006, 2012)#£17,

42 BERE

YNEIMIARES DNA - RMTLUHEEERETEBEB O - 838 Fr B8
AMOVA & A% ¥ 15 (pairwise differentiation)i& & - #7191 GenAlEx 6.51 #1T,
RIS BRI TEEREPREE, (isolation by distance)BVtET, - AATHE ) \EE
IE(HRRRMEEERNFPERE, ENERMIES) - A Arequin 3.5.2.2 #77

Mantel test - X1 20,000 {@& permutation &8 DAV EEZ 14,

4.3 HEHEEERE

HinER R BN ZE G - HMEBEEBEZEK 2% 7574 (Bayesian clustering
approach) 7 E M8 STRUCTURE 2.3.4 MPAENEE 28 FWEZEA

(Pritchard ef al., 2000, Falush et al,, 2003), AHTRFIEREBEN T | URIEBNSE
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UEREER, FH admixture ancestry model 5t - burnin period % 100,000
iterations, Markov Chain Monte Carlo (MCMC)ZE %184 1,000,000, tH5CiEAF &
(K)RER 1~10 - B8 K BEE 10 BB uEEMIBREARN —2 M, WHERK LT
A2 Structure Harvest - IRIBENIIERIEIZAE(likelihood) & 2 EEURERER K B -
Bl Evanno 737A3K18 ad hoc statistic 4K (Evanno ef al., 2005, Earl & vonHoldt,

2012), EELWIEAER - LU Clumpak 1.1 ELE R (Kopelman et al, 2015),
5. {ERSHEE

HRIABZOPUWEEEREEVARBLUEKREFNEEEE - KR
GenAlEx 6.51 5T EMERE-Pip & Pisibs o Po fUR— IR P EEHR AR
MEERZERETEHEEERENHE - o fFREREERTENSR(LR) - ME
/R 0.0001 BEBGEZRIRZE ; Pisis RIBEAET  mMFEEEcTEHEREREZ
WR - o[fERERERETERVER(NR) - AREEEREBEET DRRTER - DUE/N
R 0.02 HEBEZERIZEE(Eiken ef al, 2009; Lorenzini et al., 2011; Mishra et al,
2014), HMBRFBERBEAZSVEERE - DUE Pp & Pisbs BIEFEATESE S
HIRZE, BHEFIMREERTNMEF—AIEE - HPE=ERINRAZEER
ERNMEEEEEE(A206, A214, A226) - #ETT—R PCR RIE - DIBIRAIFY)DER
& A_EEREAE—AI - IEESTAERIWERE - B Cervus 3.0.7 EbH

ZEBEAPVERE - EITEEEHEE (Kalinowski ef al., 2007).
6. 4 RliEE

AMRABRAGDEBEIABER  BRARBIHNEFHZ5|F (Aasen &

Medrano, 1990; Sanchez et al., 1996; Cathey ef al,, 1998; Shaw ef al., 2003; Korstian ef
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al, 2013; McMichael et al, 2017; Guan et al, 2020) ; BRIL 2 4h - W E G DL B2
PrimerSelect (DNASTAR)E Tast BRARIEBYENE—5|F(FRMEE ),
—mREFBUREES | FAESEEmAS | F-IEEFIAMBRERERSIF(Y RER)
PUN AR ET 38R

Y RERWED - AKFEL Sy EE(XM_006914921)RER - SRETmME51F
Pd-Sry1-F/R & Pd-Sry2-F/R - DIIK Y REFEE D R ER - ERIEMERE, SETE

Y REBERERAMBMALIFFZEZIEAREZEMZIRBEY - WRIEEHEZ

SIF(EmlE, HETIINMAN). RAFEERER 7 /NAESIFERE - B2 R
U8 (Pteropus alecto)iIit X RB5E 2 AML EE(XM_006906040) 52 E 1By - %5
¥ 5| F(Pd-AML1-F/R & Pd-AML2-F/R) - DIfEARTIHAR X &858 R B 2 1IEZH]
A ; TS —1&E B ARINE(Pteropus vampyrus)(XM_023532279.1) 2 AML E& -
T HIN—H 5| F(Pv-AML2-F/R)TERIE ; &8 - T EEEMZER Z B2 (A1
K A15)K—¥dHiI4R3% DNA 5| F(RodmitU/L)MMALEE, MU EFRERASIFZRIIK
BEREX/) - RMEE ",

B & 5885 /2 & (Polymerase chain reaction, PCR)F 10 pl FU42 7 FEREFE A i
17 - B1& 20-100 ng RIEHR DNA, 0.375ul 89 10 uM IERMESIF K 5ul B9 Quick
Taq HS DyeMix (TOYOBO). PCR £/ NURERZE : (1).¢9)iaMEHRER 94 °C
(2 D) ; (2).FFBHRE 94 °C(30 ), 3IFE—MERE(LL 45~60 CIFEERE
BRRERE) (30 M)RERREE 68 °C(50 ¥) - LEPEE#ETT 35~40 RIBEIR. (3).5
HIERIRE S 68 °C(10 7718).

WEHLL 2.0 % agarose EIXBR UV X FRE MG - MREDHEREERK
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INREEEMRICERIEY - BAEMIKREY ; &AM - RREEEHABEY).
AAFEPTESHNEES| FRAZIFEANRERBEHERRE) UHER AR

MRIEM. BRI - RIS |+ B E S RINYE(Pteropus vampyrus), ER

ECAREE (Pteropus lyle) 5 /NILY&(Pteropus hypomelanus)SE Bt = &t BYTER

MR E Z A i
7. MGEENERER

RENRGEENOTEE - SEBEHH 12 BERE - B Cervus 3.07 &
MLrelate IR B 2 MMM G, ZRBETY WENERLERTEYS 45
TAEEE mismatch, ERSTYH, 2FTAFBLHLFEY  BEAHRNS
ZOBEIOR - MINUEIF RodmtU/L HiRAIEAHIARAE D-loop HERZ EMAER
AR - IS B BRI A IR S IE S RO BI R HU T,

=+
o

1. HI#RBES DNA 731

RATAIAER(FERMEE—) - BB KARIEERE (D-loop, cytb, CONEAZ M - I
A D-loop REREBRSEEM - WA - BEIRMBOER - S 802 D-
loop %! - #EEY consensus FBIIFTE 2 418 bp &R - UESEEMNE—FREX
BR7N{E E2FE (n = 93)MI MBI - TEMARFERENEEMBRZARE - R /\&E
IR ZEEM B HRAFRRER G B RRRIFERERAFEIDREN RN ; 5
—_ & - FIMLLOJENSE D-loop, cytb & COI =EZE R (3103 bp)t4A(n = 63 - Jif

=hECmBRER)ELN  URZITHBEREBRROR KR - BB LB &R

13



%o

1.1 BEZHKN

IRHIAREE DNA ZHI& 5l - 93 ERRBKIME R AN RER © 37 [EEFE K 49 &
BZRMRIRI(E1 R segregating site & indel) - HEELEHRAZ D - EFEZRM,
ZERSIRMRAETFIIEEZ N RIS 0.944, 0.011 K 4.672 ; &L 63 BESF
SIRARAZRE - AIHA 41 BEEREEK 67 BB MEU - BEERIRM, ZREHKZ
B RREFIIERD AR 0.968, 0.002 ¥ 6.521  HFFFRENGHZRES/M
M, Z—OH  ARDEZZEHRIEER. £REERNOTP - HFIEFER
TEARERRIKEERRE(R ).

BREHMEE D  £alnZEfErER(E=)SFRENIBSEEIIRIBREA
HErEiE AR - MHAKREEZERZRIAREPANESESEBE, EEaFIING
RE=) FREFHATBASHAERSENHEREG  ESIEEENRZRE
(hmppag::¥in

1.2 BERDE

AMOVA 7R Y AR B (B2 EE, \EW, ITEEK. ARKNFERES
BARBAR-—WEE)EBEB LD, BINZEHRBREEEFIN @t DA%
0.155 & 0.134 - BZE KR 0(P<0.001, &R=)  EEMKAIA 13~16%AIKI#R IS DNA
EESEoHBENERMBEE, EMmMELLR R 2ERN\ELDREZS
HAth ¥ IR IR IE BB AR 5T L9 2IREEE (R ). ML Mantel test A 1R ith 32
PEEHEAE SRR AHRAM - B E R0 EHE(r2 = 0.000, P = 0.550)34 45 & 5 51)(r2

= 0.019, P = 0.245) &5 R EFZ(E ).
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1.3 HBHIER

ARFZEL = ERHii5 52 5 51(418 bp D-loop, 1140 bp cytb, 1545 bp COl)

- HE
3103 bp B9%E & %l (concatenated sequence) + M HKY 1BEEIZRETT Maximum

likelihood #i#1i(Bl 1) - X287 K bootstrap E&/NK 50 - B ARG ERVE]
NE—BB%,

2. fWiEE DNA 2R

21 EEIKRN

EEFE - AMRASEIZE 76 ERKINEZER, 26 BESEMNHMEEER

REZAER - XEEBUULER - MA—RERENTEXRIEEERA - 15
EZHEWHNEERSEARE - K&

A

METH 77 ERAREH D NS ZHRERE R
FHEMGFREAEHo) M (E(He) 7 Bl % 0.533 K 0.543 - Fmatg 2 - 381

=
SRS

==
=

ERHEERN\EWLDE, MEK4AEE DNA NERIBEMER - ARIIE

(&I FIBEEREZ AsEER

ERAREN  BRERIRE
=1 i

matln 8, &% R 7N\ELDRRE - T E 2B E(Relatedness) RIS
WMGEFPERRBE  MARDENRZEREEERS(0.147).

22 EENIE
AMOVA @EREBRDREEEFEBRENESE DL - FsrE% 0.07 (P < 0.001, &

74

=)o EREMNEEILRD &N/ \EDEAE—FAEBRENEEES, MibEE
BEZ(r2=0.231,P<0.01 - [E)

PREt Z =R Z2IRE

= i

= /=

- BURIRKERIBTUIKE B 2
BB BT SRR R R,

15



2.3 WBREEELGE

PIEREZ STRUCTURE D TIREFEEGE - MR K@ BN o eRsEE|
HRERRRAEBLIR(EM). ARIE Evanno 73745, &EEZ AK KIFEEEE 7 F1T
#8218 (mean likelihood value without an increase in variance) - &x O BERVIEE 7 B¥
B4 (K=4), BEZEWARMTEREEERNSoEBERZEEMBN D B (E
B—ERERMEERERN) ; SEIMEPH TW2(:5)M TWI(ZEAKS)HEmIRERE
i M - TW(ELLE)ERRANELRRRIZIR BB HrESEB. M

REEHIBN—EEER - RRERMASERRBRERENS B,
3. fERSE

SEANEREZGE 5 @ LR - Pp oJfEZ£ 0.00005 * Pisibs 0IfE £ 0.016 -
B Erm e S 2 B IRE(B ) - RIEABERNBERE - ML 9 EEREF
SERHENER - &R 9 BEREER - Pp & Pisbs I BIEZE 3.03*107 &
0.0015,

2020 FRELSETHURAE - KIS 132 HHHENRBERA - HpHEr 72
HHRBERE(RINER 54.55%) - TN L+ ROETMERRASZ 12 E@EEERER - H
RINEE L 36 EES(23 MK 13 M) (FRt) BEUEELEMEERENR 7~16 &
AE(BT). B 6 EMEIS(4 A 2 M) HIRMEL ERIACER(16.67%). 1 EMHIEES
BHIRR 2019 F 5 H, MEESNERAEREI ; TERIB 7 @ETE - 8

E 2 EEER(1 A 1Mk Eh—#MEERRATTH 26 EERBENMEED ).
. MEBlEEE
KR AGEAIA S RRNE|F - BIZERINNEXEY, B2FE—EDS
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% MTE 7 ERUERINFGE - ERERERERAARFEGERNE - HHTAE
FAARERKINE, MULETR R A EBTHREZSIF - AEERFERR .
MEBTRETZY RERSFEURIINAE S EENESNEINEEYERN
BHiERE - MAERSIF P-Sry1 WEREE, BHREKR/NG 150bp - A ZEAE X
RS EEMN/NDF(<100 bp)IEE— K E primer dimer J&/5. M1EZEHIZE - MmAH X
FEIE5IF(P-AML2 F1 Pv-AML2)ERE BB —EIIEEMREEARINNK ; 2 -
EUMEEEEE A1 K A15 ERIEZESIA - RIFTERIEDEEEEAT) - MLlEE
ERBEBMAAR(EXHEERE N - HEANERESMAWNHLRESE
IR) . BARBTF LA P-Sry1 B A5 E R RIEERNA S5 F. MAIAIERIZENT
BEERNETMREENER - GR—BEAERZERNMA ; BEMRMERIA—
B ABETE=RHE. MILFERTE  KAEEFIZHIFEARRIERAER]

ERITREL,
5. MFHIEERBELRER

USE 12 EREEREERSFRNYTEREN - EED —HRUE - I E
R2(TW-G-45)Ry R a8 2 2011 )\ B e ZE32(TW-G-27) - 1 TW-G-45 5
B—¥FE TW-G-36 IR 2020 F/\ABERRE. HH UEEEMBFFE  —
HEIRFEZ 10 BHRAVER (TW-G-40 & TW-G-44) ; 5—HEEFE - AlEiE
TNE  REAFE 8 BRBED FREALHIEMER(TW-G-37) - HREI& KD

EHE 2011 FRIS — MRS (TW-G-15)(B 1),
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T

BEFERE  AMAEARERIKINESDENEESRM REBER, &
FEEBEER L BAYEBSRCNER &l BRIKIBE 2 ERE R
THEERRNEINZEUAT  MAFEETE T FERFZNAENERZLCIR
T IRB™ D-loop IBIIREZE 418 bp S - iR & 1t3E 547 = FHEY cytochrome b &
COlHERER(S A% 1140 bp & 1545 bp) A DT ; MAEARE L - AIREE
BHIE TREBLE, TTERGERRR, RIBHAERFIIK 26 HNEENER
BRERBN  ERZEFERENEBSSEEN. f)  HPLUFEERMARML:
BES M RRERE ; MaginE R/ \EIRERINARZIRBEEN 2 E(EM).

MIBBE BB R F ABNEER - BRERM 7 RZEBDEBENEERE
B, BRIENE  HMIREDEERNRFFEARNESE - SoEtRNEFE
S IH 7 B ER RSN E ERR%(E =) - BIELR mtDNA &3E 3103 bp FREEMN
gt A eI B B A1 2 77 7 BB RV B 8% (Monophyletic group) (Bl 1), 2
=S ELERABTREERBHZEAUEEZREZENERARR. HESH
(colonization) & &%) & (admixture) B Ak /3R SAVEBRE - ME LR ZH
EiREEEEENFRATE  tYSELETBWARME) EEB/NGEHENS
B, BEEUARERMZR TMaEnER  —SOERSEENMBOEHER R K.
S—En R =—BARRLCER(EEE MO EZEH&ER R cytb BUIK
COl ZZ2RAKR)HW mtDNA EE - Eif MR EMLEER(B =) - ol83E—BEMAY
Z BB ERERRIE A E H E25 F EX (protein-coding gene) - TofE B S (2 AL 7 [ -

EoZ2RREMNWH R GR(ARREETESEBNERE R /7)\ELHESEDE

18



E—EREAS) UREARGH ZEBNEEZRGOA LR  UEBERIREAR
EEMNDERNRE, ERENZRSEB/REZEY - AIREEREZAEMER
HNES  ES—RITENEEAREZDHRERARE, NERFERESHNT
RIANGE(P. vampyrus)ifFE o] R(Tsang et al,, 2018), ME R ENDEEREE
Hl& R, TME4RE =B miDNA EFRNAER - URPRNERFLE  EXTEZRNE
REEERRBEER)  BrzREoEfE MRkt e REEHREHNERE. B
WoJR - B @G 2 ERNESHEROARED R EEAZE, HFE
188 M= Genbank EREPIFREEEIEHFH  EREMSEZHRARZ D KE
EERENRBNBAMEILIEZEFE D-loop RE - EEMDEE O EIEREN
MELFRAETTIER - AREEFBEAAN BB FIEEMAAER S AR
=R MB—FREENENFIIRIENE LR ARDEAHR AT, FEEW
MiEFIZERE 17 bp WER - HAZEBHHEFEESEDZRY - RERBMAAE
LREERURTESERM BREER,

RBHMMRERRMEESTNER  NEEFENBEAN  SERN\EL
DREEAHERSNESSEY RENAZAREE(ER—. D). HREMERE
RROIEREER TREESHRUEARSHEEEL WEE BEARKEZT  &B
R—EAREBEIN BB - R U NRERE | (1)M3EREE . KARFEAE
KRR ERERA - BEMITIKESARENMIEEREEE P EE4 360km &) ;
(2)iRZ THEMIA L (stepping stones) - O &8 (dispersers)EK#E S, KREHS
FERRS 120~160 BERTHNEME P - RIEREBFRIBHR A BT S 1
(Shiroma et al., 2015) - ELEMIRIKFE & 2 BEFEFBENIRENEE (Ryukyu Trench)
(B—) - EABEEMARER SIS - 7200 B AR R R S AR5 RES B E th R REMR IR
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BE, BERIEMNE  TH4ARES DNA 2TRIER - S8 7 BERTHRE - KR
DRENEFENZEENIEAEEMDERERA E-RESFIINBIEEZZR
N - BREBARREERE M EUBRIAEMEBNEAERE  sEEPEZETHIER
B B2 O BE BRI PRI S HIRM DX, B A (elegant
scops owl, Otus elegans) L HE KRB E M EMIRIKEEZRE - 2IRMBLNEBE D
B PR A RWEE R (Hsu, 2005).
BEMRGERBRADBZESGEEEENERRE - BEECINRTERE
ZE%E - BIERMEEBIRRT - M4k DNA DMERREESRNZER(ER=D) - miE
TRPMERNEGREINERE REBR T HARERNERSER/ NEUEHENSE
B T TIKIEEEH 2B BXZUEUHFAERRRE (BHREREE - male
biased dispersal)(Chen ef a/., 2008; Arnold & Wilkinson, 2015), Al - &M
B TEEBE-FRBEEEL ) (Isolation by distance, %31 IBD 7E) 16 17 5 &5 R B £ ith
EphEE MR M AMDARNEFENEREEMBEEBERARE AR (E
). IBD REVS—HAY TBUERFEFH ) (migration-drift equilibrium) - EE R
EEEREMNSEEHERERE  EREN "HEIA L (stepping-stone) A% &
EHNBHRI(Kimura & Weiss, 1964), #% IBD RERNRAEZFRELLRESE
B8 (Bossart & Prowell, 1998) - A FE MO &R - ZEEMMER PERARNEED
18 - BEREEEAM YA E2 4 (Hutchison & Templeton, 1999) - B13E 2 fRib-
MK ENERADER, DIRP-EENRKEESNERBBIK, FIKFSRAM
MKBBEREE-FFREENEZANE B, HNRRBENRAERIEM 7 RE
RE - IAKRERZEN  UHSBEMRETR  NERERBEAENMEERSIR
& IBD 2 - ol RELETREMEREARE R, WIFERAPHREUREER LS
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B —E R A (single locus)I it - LB ZERE (multi-loc) MBI EB 5 2IRE[ L
HYiEE D (EFTE(Teske et al., 2018),

BEMAD - BIELINERE ZEBNERRUBUHEZEETAEYZE MF
EPEEMMTBFERZBE . RARRR  REER/\ELLEIRRLESR
MR F I MERB U BERIAR KR, EERIEMREIRIK TEESL A
RERMR - MIEB IMELE AR MR PR AR - BEEABN 2 EREED
&€, 5—7H  TEHEEBE 200~300 km K S IR 2 B ol 1 2= 2 AR (5 (W0
TERAEHRN\EWLINE, ARMERYERDRE) . BRERYIEEMARERR
FERRE Z PPROI R LR, METE R DB EREENE R (Nakamoto ef al,
2009, 2012) R\ E LB RERNER R T (Taki ef al,, 2021) - 11545 7 IR
BERTENER - BRENBENER. FENL - RUEEBRE D ENEBLE
B HANRRAEVEIBENBREFE R AMERZEELLSHETWI)
HIRAE RS K —ELIRE/\ELDENERE - RogEoEWBITERXEE, BHAO
LRHREMBY - UaERAZELFRITHRIEEEAR(Yang, 2007).

AMREREFERZIMIERIRE - 2ENELUERF(TW)ZRBSREENE

Bz, BULIER 1977 FEARESEFE  BEREBUSHN/ERDHBRAIIL

<

AEAIEN B BAER(Wu, 2010) - RILE— R RR ST KEE+E8%
Ao Ib—EEABRNEMMNZERE(TW2, TW3) BREFEREMN N\ EL{EFEH
RAEONREEG EeBEBEIRURUEZREZEEEIHESHNER (6.9,
Comas ef al, 2004), HFIRERTIELELSHRAFROIEEE 2 S EHTERVE
17 (founders) - BIFEHRB/\ELW., TEEK., TW2(48). TWI(ZEABR)ERZEF
EEEHENER, \ELUDBEESTHESRATZIR 7 SREMEEHNSERMY,
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EENERGE - BTN RARKOESMENTREREAS S RN
#E#R—B(Taki ef al, 2021) - TJEERME Y N\EWLIER —HARRELELX
%(Grant & Bowen, 1998), EREIEMNZE  EERTEREEEARSNERGZEH
(Rs) » AMEBEZDRBEHMEESRUNESRESBIMEIBRRS  E—PRRHE
BiEE SRS - BELE., #EREEREZINEEIEEES—E
O Y ZBEEGEBHRIEE - SN "EMISUEL (Wahlund effect)
(Wahlund, 1928; Waples, 2015; Zhivotovsky, 2015) - Bf I EBEZ X 2IRME
BRENS FHEEH)BBAEH) 2BEE - MERESHERGEH. 5K
RYFRINZE Bt o] B AR B EMBY /)R 245 (Leptonycteris yerbabuenae) (Arteaga et
al., 2018), M EEEANRE—NFTERINE tRE P HERSNEREGRE
FEmE A ZEREBUIERE - Mo RN EEBAIFERIIAL(non-random mating)
MiEmE, #LATMU—EREBHNERGEER LERETE - RMRGER/N\E
L sEINBEEE RS - MARRINFBRHEEZRE IS REEZRME,
HAFELEUTRE - RN BLUEEESHMNER, 555 - IIBRUBELR
FEIMRYNERESRIEFEAMTIELS ; BF  BYERESEZEFESEH
SHE  REREAE R F SRERMIEEEEB(Nakamoto ef al. 2011, 2012) ;
—fBugE R/ \EWLEH T EEIMEREZ. HANEPRESEZ/\E BN BRI
F(Kinjo & Nakamoto, 2015) - FEEESELIE 110 km ZiE. R¥IE Nakamoto ef al.
(o1M)iEL - NEWEE BB EHIEZIA 50 km ZMIHEZENBEZRESI=
08), HIEEREMEENEELIMER BERESEPEE, AEELEAERIMZE
EIEEEBRUEBEZEEE - FR—EEZOMBEEMNSERNGER. KR
BLBERNZSREGSEBRAER - IR SRMAHRKEERINEFEIEENERN
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Al - HRIRE SR EBRIERSYE - SH¥UBRHS/)BHRREKE ESBUK
T 7E(Jones ef al, 2010; Wiles & Brooke, 2010) - EE 4 1ERI SRV ERERER
BENEEN ., BRFBRKKELCELAR - WARBBEA—EiBE (Moussy et al., 2013;
Ibouroi et al,, 2018) ; MEHFRAEINEIREZ=RMNBEHBEER - TORRER
REIFaFE. HEFEEFRENESINIE(P. seychellensis)(O'Brien, 2011) - Hop

— X BEDE(P. s. comorensis)ZERIENEBERHE - ROAHBEEZABXLE
WikeE  EINESHEKEESSABEREENBEEEE, RNV EHNEEERE
(O’Brien et al., 2009; Ibouroi et al., 2018) - LU #RE I EEE )\ E B 2 E 2R
AL, ERRETHERESERGENEERE  EARXF rEBLUER
— Ja1 BRI B2 SRRV R AF o

TERBHALIBEENER - BIIEEFEREASNEREHENEESK
&2 (Okada ef al., 2014; Ibouroi ef al., 2018) - B X [REFESENRBERE KA
2 - MEBUZEBENEEEN. RXNERE=EDEHENRG  LTEHEEZDE

MFERTBLUEZI  EEEABRZENHIRCHEE  A5EBREN DT
Ko REEBKREBANERNWENRRRUER - ERLUEEREMIIHANREE
TR - BINFERT B OB AZEEN L B DU ERE IRt E 2B &S A DNA ; [F

T REMFFERANREEANMEREN - REEMRINKET Y BARZED UETT
IEEYENMAEESF  EEURARFIMNIERRESREZEDAIERR,
ARREEEREEREMIRIKINED MRS - DUSERN B ZENR&HE
% LHEEBEBHBEEZRSRENEERN\EERE - DRERETRDIOSE
EEGRR RKREERE,

HHeERANNMEI M ENEF-EBLERtETER XFEENAIR

M
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18136 EA2EARERE  HPELSHRLEREZTERBAROEN - #1T 2:1,
FHo - AR ERIAB L SHER AT 12 E(EIEERE % - ¥1DRHH 2020 F
LR —EUEMERE - OJEME 2011 EMEHFERVEUERN ; M3 —IEEEREE
FrRECEE 2011 FEFERNIEEERE. REACYRERAZESNRBEBRERE
IR - ERRR K ol REAFER &/ \EAE B(Minimum viable population) - #EE =
EERBRNGEZEUAGREDENEE - BIFEEREEZATIE(Nunney &
Campbell, 1993), ZEXMFTBRYEHMERD KR OIFHEBBIFRANIRIET
& HEaEBIERAETHENESRER LNBRAANEERSHWERE - &
B TEE NXEZZERMK "THE NEGERER  BEREENESED

SERSENMENEEBRFERT  LAETHEEEZNENT, RIBEREREEES,
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x_—. WIKIMERAYVRIARESIEE S AN

PUKIZRAS DNA BB HIE (418 bp) K = RIS B R 2 45 5 7 51(D-loop, cytb,
COIl % 3103 bp)FTfhi &, M EAE(sample size), H ERZEE=ERE (number
of haplotype observed), Ps: EZ & MpELIZ(number of polymorphic site), A

B ERZ % (haplotype diversity), . ZE B Z 1 (nucleotide diversity), A& 15
2 E s = E % (average number of nucleotide differences), KR EBIEEF(n = 1)~ 4R
ALBTE B R,

FI#RES DNA

D-loop concatenated sequence

oofE N H Ps h m K N H Ps h ™ k

=HE 49 18 29 0.858 0.012 4.932 26 15 40 0911 0.003 7.803
NELW 11 10 15 0.982 0.010 4.109 8 8 23 1.000 0.002 7.179
mER 22 10 14 0.909 0.007 2.835 22 14 21 0.948 0.001 3.775
XEE 1 1 - - - - 1 1 - - - -

NE 8 3 7 0.679 0.007 3.000 6 4 12 0.278 0.002 5.867
FEEE 2 2 17 1.000 0.041 17.000 - - - - - -

* #tatEEE (P1E <0.05)

R, WIKMEMNMEEEES KL

P 26 [EEEEREMESE. Na BEREFIHNEFEUEES (mean number of
alleles per locus), Ac: EA1E FE EE (allelic richness), Ho: £ & FERIE
(observed heterozygosity), He: EH 5 FHIE {H (expected heterozygosity), RI:#
#% & (relatedness), FAs: BR % & (inbreeding coefficient), X B EBHEEE(N = 1) AN
AGBTEE R DT o

MEE DNA
oofE N Na Ac Ho He RI Fs
=24 37 4962 3597 0574 0.600 0.004* 0.058
NELW 10 3.731 3479 0.588 0.581 0.004 0.039
mERK 22 3.846 3351 0.542 0.575 0.030* 0.081
KEH 1 - - - - - -
N 7 2885 2.885 0429 0415 0.147* 0.045

* #atEEE (P1E <0.05)
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==, RIKIMIE D FEREE 5 Hr(Analysis of molecular variance, AMOVA)

Z3 12| & D-loop (418 bp) 2 AT B = 5 EI&EE: - B Al&m =% (Formosan), J\EL
(Yaeyama), IF/EE(Orii’'s), AERIzfE(Daito) X IEREE (Philippine)i&Es ; M4RFE4E
& 51(D-loop, cytb, COI £ 3103 bp) & & Z DNA (26 EEE )z 2T EI = Lt
PRIEERE 29N 4 (ElIRES

MIZRAE DNA ZEEA DNA
D-loop concatenated sequence ME 2 DNA
BHEAR  variation (%)  Pvalue variation (%)  Pvalue variation (%)  Pvalue
b=l 15.51 <0.001* 13.42 <0.001* 7.01 <0.001*
DiiE A 84.49 86.58 92.99

Y ETHEEE

RO, BKIARES DNA 73 # Bk IN SR AL Co 38 2 BRI B B B 7 1E( Psr)

HRER EARBLIERD G D-loop R ER(418bp) Z0HT#ER ; HAEKR T HBLUUAR
fe#a 5 2 5(D-loop, cytb, COI 3 3103 bp) Z 21T 4R, KREZIE(n = 1)F4AA
DR, METEEETMRER R,

gafE E) NEL =129 AR JEERE
£y 0.013Ns 0.138* 0.207* 0.389*
NELW 0.020NS 0.071* 0.160* 0.341*
TEEK 0.130* 0.113* 0.233* 0.518*
RER 0.197* 0.183* 0.284* 0.421*

NS : #EET CIFRRE

*: #EtEEE (P1E <0.05)
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xA., UMEEEEES WHRBKINER 2E Z B EEE D 1E(FsT)

XEH D (n = 1) AMAA DT, FAETEZETMEERER P,

oofE Y- NE L EK K&K
NEL 0.011Ns

TEEK 0.058* 0.035*

K&K 0.135* 0.141* 0.161*

NS : ETIFERE
¥ #EtER=E (P1E <0.05)

RN, KRR MERIEES | FENIMEEYRE ZAGER

Y @ BT N KRR
Y i85l F  IEEFIASIF (XEReR) IEfEHIES|F (Bith)
g Bz P-Sryl P-Sry2  P-AML1 P-AML2 Pv-AML2 Al A15  RodmitU/L
=248 Pteropus dasymallus formosus Y Y Y Y Y Y Y Y
FSRINYE  Pteropus vampyrus N N N N Y Y Y N
ZRECYNME  Pteropus lylei Y Y N Y Y Y Y Y
/NI Y& Pteropus hypomelanus Y Y N Y N Y Y Y
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xt., FEERERESFELRINN—ER (2020 L H~2021 —H)

SEREFTHELARMFERLIRCE. BHFARZEREHD FEE RIRAVER

o M 1EHE ; F o M,

ERE2E HhEh #5I  2020/05 2020/08 2020/10 2020/11 2021/01 ifE

GSF-202001 ELS M 1

GSF-202002 ELUS F 3

GSF-202003 LS M 2

GSF-202004 LS M 1

GSF-202005 EBLUS F 1

GSF-202006 ELE F 1

GSF-202007 ELE M 1

GSF-202008 ELS M 1

GSF-202009 ELUS M 1

GSF-202010 BUE M 5 2 6

GSF-202011 ELUS F 4

GSF-202012 ELS M 6

GSF-202013 EBLUS M 2

GSF-202014 ELE M 3 3

GSF-202015 ELE M 2

GSF-202016 ELS M 2 1

GSF-202017 ES M 1

GSF-202019 ELS F 1

GSF-202020 LS M 1

GSF-202021 IS F 1

GSF-202023 EBUS F 1

GSF-202024 ELE M 1

GSF-202025 ELE M 1

GSF-202026 ELS M 1
TW_G_34 ES F 1 10 iR EsE
TW_G_35 EUS F 1 10 e Ess
TW_G_36 LS M 1 1 10A 1R E s
TW_G_37 EE F 1 1 108 R EsE
TW_G_39 EUS F 1 10/ e Ess
TW_G_40 LS F 1 10/ 1R E s
TW_G_41 ELE M 1 108 R EsS
TW_G_42 ELE M 1 108 RS
TW_G_43 ELE M 1 10R i iE{EsE
TW_G_44 EULS M 1 108 HiEEsS
TW_G_45 EUS F 1 1 10AHIEE R

HLF-2021001 {tEm&E F

HLF-2021002 {EEMmE M

28



120°E
L

125°E 130°E

L 1 L L 1 L
35N - S KOREAW 35N
[}
-
D,A? Kyushu
JAPAN
CHINA Kuchinoerabu-jirg_a (W]
T O .‘?Osumi Is
30°N A= Tokara Gap ' - 30°N
Tokara Is.
*« Erabu
& ° P d. dasymallus
Okinawa-jima ’
s 22 e
Kerama Gap \ .
' ) N ) ,' Daito Is.
Gueishanls.  Irabu-jima \: - ¢ Kitadaitojima |
5 (Twa,49) (1*)\ N ,’ ~
26°N | /’ Yonagunl-]lma “ ‘P 4 Q“LS . Minamidaito-jima (8) L 25°N
 d. inopinatus —
AIWAN b-ﬂ"—lshlgakl -jima P P Daito
- f ) @) ¢ P. d. daitoensis
- (Tws, 7) Irlomote—Jlma Ryukyu Trench
- Lyudao (3)
(TW2, 4) Yaeyama
P. d. yayeyamae
Formosan P d. formosus yayey
Bashi Channe| = ™= = =g =
Batanes Is. —Batan ( N
20°N - 20°N
Sabtang (1 F’hlllpplne A
Babuyan Is.
(IJ 100 2?0 4?0
1 1 1
|PHILIPPIN ES Luzon Kilometers
120°€ s " a0E
B—, RIKINLEIIE 5 % E
AMEMERAZEABEZREZEREBNEINAN, £5%()LZF DNA FIIRE
Genbank &1} &,

29



8 1 (a) mtDNA (Partial D-loop)
(r2 = 0.000, P = 0.550)

° [ ]
6
e o
4
e
2
Y L % e ®
....................................................... g
0 g e e ..' ’“‘W (2‘8 &98
3 4 5 6 7
(b) mtDNA (concatenated sequence) o =+ N\EITEZIMIEE
4 (r?=0.019, P =0.245) o B+ N\E vs. AETEMNEY
g o =+ \Blllvs XEHTHEGERY
S 3 ° o =¥+ \Evs EKTENERY
7 e EE+ \FEwmEricH
5 5 o 24 \Elvs. FFREEENRY
8]
._8 °
c 1 o °
G RPN
‘. ...... ‘ ................. @ .........
0 ] %% ® % %% Ogo@o
3 4 6 7
0.6 . )
(c) Microsatellite DNA °
0.5 (r=0.231,P< 0.01)
0.4
0.3
®o
0.2 [5) (o) ne
o .24
0.1 o - ‘,‘ °
................... o o
0 ® e (¥ ) [ ] [
3 4 5 6 7

Ln (geographical distance) (km)

Bl —., HBkINiESEEaYEEMithEEERE 2 Ak ¥ LEER

(a)fIARIEEE D IEHIE (b) RIAREEA TS () MEE DNAKGR. X EA i IE bR
BNEARBHE. Y BB linearlized @st (KIARER)HNE Fo7 (MEE)2IRZEGEE
B - AR EOIRBE R MR ERNEEE.

30



(a)

Hap 28
Hap_15
Hip 32
Ha 1
Hapd Hip.6 O
Hap 17 .
Hop 5
= @ Hap.27 Hap35 Hap 3
Hpto (LN Q Hap 3%
Hep 40
O
Hap 16
Hal2 @ .
Hap_7
@)
Hap_39 Hep.36 Hap_30
Hap 31 ‘ ap Hap 26
Hop 6

Hap 23 ’ O Hap 37
{ ] ®
= Hap |
@
Hap_ 18
o O

Hap_ 29

Hap 4l
Q

Hep_34
(b)

oz O

Daito
Erabu
Orii's
Yaeyama
@ Formosan

0000

El=. HkIMEMNEGBEAEE

(ayfispiealniEHlE (b)fIRELEFS. B—HAeRER—(ERRE  SEEBNIR
SARNAEFREPEIRERNEA, B—RERARE-REDER , mMEB—/\FAIT
K—RENPEERR,



TW1 TW2 TWwW3 YA OR ER DA
BG S ANEL EUECEN AR KRR

l Y_L\(_l_Y l \ l \ll’ : 1

[

B, BLSTRUCTURE 7 Bk E 2 n B B4 18 E

2iERBEhDRRE, 77 ERNIENESGRE S ERAKRE—EE 5—FEe
RR—EEENH  SERENREAZERRBEERE — DB ZHERMIEL. K
BRINKRUENESESHE  MEJENDEHHER 4, EEREAUERARHN
g R EEE ;Y BRICEREEA] - SEEE 0~1 Zf.



w6) | Hap 6
_L Hap 15
ﬁtHap 10

Hap 17
— Hap 36 [ ]
— Hap 12
Hap 19

Hap 7
— Hap 27

p” Hap 28
su||' Hap 32
Hap 4

Hap 11
‘S°+ Hap 13
)

Hap 14
r Hap 20

(45)

—[ Hap 21
Hap 24

ﬂ[ Hap 1
Hap 3
Hap 38
(sal’—|ap 26
s Hap 30
Hap 37
Hap 40
— Hap 16
9| Hap 23
— Hap 33
F Hap 9
— Hap 18
Hap 8
— Hap 31
Hap 2

(44) (59)

Caito
Erabu
Orii's
Yaeyama

g

T

o]

=

M

w
00000 0CO

Q0000

P. vampyrus

Formosan

0.0050

Elf, HAARREZESFSIMZE

PL#EET 3103 bp B4 & 5l (concatenated sequence), B Maximum likelihood 75
FERE, FAEEENERE KNFREFEMBEINE, Bootstrap EIE/RNETR(node)
% - MBI RE (branch length) Bl U &2 #5119 & 2 & (substitutation rate) I

8 WRREEAIRRZE Mg,

33



Probability of Identity
0.5

04 -

Pl

»
(]
.
03 %
.
02 1

0.1 - o

0-0 U U \.\..\..\-\ U U U U U U U U U U U U U U U U U
1 3 5 7 9 11 13 15 17 19 21 23 25

Locus Combination

BN, Po. Pisibs AiBERREREEERIAE
Po fUER—IGE T - REREERE N MEZRRGERETEHEEERERHE ; Plss

AS—EET  MFEEREETEHRERE KR,

18
16

14
12

10

OFemale

0 Male

o N B~ O ©

May Aug Oct Nov

Et, *FEELSREEESESHE
xeEa e R CREMANEERIERZEE .

34



Yt &8P Syl Y &8P Syl Y &48:P_Sryl Y# & #:P_Siyl
44 Pv_AML 2 EiEH Al : EEH 4 ALS i E 3% 4] #a: Rodmt

B\, HRIEE 2 AIEEXE

1: 5B K I & (Pteropus vampyrus); 2: R K I & (P. We); 3: /)L 1& (P.
hypomelanus); F: ZEYN4&(P. dasymallus formosus) : B EEE(TW-G-32)
IE¥ZEHIAE; M: 2EY01E | SAREHER(TW-G-33) - IE#ZHIAE; N: 2ZHIAE - DT
RIKELES DNA template,

TW-G

27
(2011.8)

; W-G ™W-G
45
(202010 o
? ? ;

TW-G

(2020.10)

Tw G TW G
20208 12011 08

BEh, 2ERELSEKEEZHZIEE

HRAE BRI RS ERE - BINAZERCHIZERNE I, WRA
% RmkeE NERRLCERE,

35



205

A FRMBREETESYERNEBYERESE, FIEBNE. MIKKBREILSHYE

Bl

REMFRER, M MR EEB L, SEREELNBENHEE N,

\

UKBFRE. BlmK, MABEMEES AR ERTEE T B INE R ERER

2Rk

AASEN, E., & J. F. MEDRANO. (1990). Amplification of the ZFY and ZFX genes for
sex identification in humans, cattle, sheep and goats. Bio/fechnology 8:
1279-1281.

ALLENDORF, F. W., HOHENLOHE, P. A., & LUIKART, G. (2010). Genomics and the
future of conservation genetics. Nature Reviews Genetics 11, 697-709.

ARNOLD, B. D., & G. S. WILKINSON. (2015). Female natal philopatry and gene flow
between divergent clades of pallid bats (Antrozous pallidus). Journal of
Mammalogy 96: 531-540.

ARTEAGA, M. C., R. A. MEDELLIN, P. A. LUNA-ORTIz, P. A. HEADY, & W. F. FRICK.
(2018). Genetic diversity distribution among seasonal colonies of a nectar-
feeding bat (Leptonycteris yerbabuenae) in the Baja California Peninsula.
Mammalian Biology 92: 78-85.

BELLWOOD, P., & DIzON, E. (2013). The Batanes Islands, Their First Observers, &

Previous Archaeology. In P. Bellwood & E. Dizon (Eds.). 4000 Years of

36



Migration and Cultural Exchange: The Archaeology of the Batanes
Islands, Northern Philjppines (pp. 1-8). Australia: ANU Press.

BOSSART, J. L., & PROWELL, D. P. (1998). Genetic estimates of population
structure and gene flow: limitations, lessons and new directions. Trends in
Ecology & Evolution 13, 202-206.

BROWN, V. A., BROOKE, A., FORDYCE, J. A., & MCCRACKEN, G. F. (2011). Genetic
analysis of populations of the threatened bat Pferopus mariannus.
Conservation Genetics 12, 933-941.

CATHEY, J. C., J. W. BICKHAM, & J. C. PATTON. (1998). Introgressive hybridization
and nonconcordant evolutionary history of maternal and paternal lineages
in North-American deer. Evolution 52: 1224-1229.

CHEN, S.-F., G. JONES, & S. J. ROSSITER. (2008). Sex-biased gene flow and
colonization in the Formosan lesser horseshoe bat: inference from nuclear
and mitochondrial markers. Journal of Zoology 274: 207-215.

CHEN, S.-F., C.-H. JuAN, S. J. ROSSITER, T. KINJO, D. Fukul, K. KAWAI, S. M. TSANG,
M. J. VELUZ, H. SAKURAI, H.-C. LIN, N.-H. JANG-LIAW, K. OsawA, W.-Y. KO,
AND M. IzAWA. (2021). Population genetic structure of the insular Ryukyu
flying fox Pteropus dasymallus. Biofropica 53: 548-559.

CLEMENT, M., Q. SNELL, P. WALKER, D. POSADA, & K. CRANDALL. (2002). TCS:
estimating gene genealogies. Parallel and Distributed Processing

Symposium, International, pp. 0184-0184. /EEE Compufter Societly.

37



CowmAs, D., PLAZA, S., WELLS, R. S., YULDASEVA, N., LAO, O., CALAFELL, F., &
BERTRANPETIT, J. (2004). Admixture, migrations, & dispersals in Central
Asia: evidence from maternal DNA lineages. European Journal of Human
Genetics 12, 495-504.

Cox, P. A., & ELmavisT, T. (2000). Pollinator extinction in the Pacific Islands.
Conservation Biology 14, 1237-1239.

Cox, P. A., ELMQVIST, T., PIERSON, E. D., & RAINEY, W. E. (1991). Flying foxes as
strong interactors in south Pacific island ecosystems: a conservation
hypothesis. Conservation Biology 5, 448-454.

DARRIBA, D., G. L. TABOADA, R. DOALLO, & D. POSADA. (2012). jModelTest 2: more
models, new heuristics and parallel computing. Nature methods 9: 772-
772.

EARL, D. A, & VONHOLDT, B. M. (2012). STRUCTURE HARVESTER: a website
and program for visualizing STRUCTURE output and implementing the
Evanno method. Conservation Genetics Resources 4, 359-361.

EIKEN, H. G., R. J. ANDREASSEN, A. KOPATZ, S. G. BUERVAMOEN, |. WARTIAINEN, C.
TOBIASSEN, P. M. KNAPPSKOG, P. E. ASPHOLM, M. E. SMITH, & J. AsSPI.
(2009). Population data for 12 STR loci in Northern European brown bear
(Ursus arctos) and application of DNA profiles for forensic casework.

Forensic Science International: Genetics Supplement Series 2. 273-274.

38



ELLSTRAND, N. C., & ELAM, D. R. (1993). Population genetic consequences of
small population size: implications for plant conservation. Annual Review
of Ecology and Systematics 24, 217-242.

EPSTEIN, J. H., OLIVAL, K. J., PuLLIAM, J. R. C., SMITH, C., WESTRUM, J., HUGHES, T.,
DoBsON, A. P., ZUBAID, A., RAHMAN, S. A., BASIR, M. M., FIELD, H. E., &
DAszAK, P. (2009). Pteropus vampyrus, a hunted migratory species with a
multinational home-range and a need for regional management. Journal of
Applied Ecology 46, 991-1002.

EVANNO, G., REGNAUT, S., & GOUDET, J. (2005). Detecting the number of clusters
of individuals using the software STRUCTURE: a simulation study.
Molecular Ecology 14, 2611-2620.

EXCOFFIER, L., & LISCHER, H. E. (2010). Arlequin suite ver 3.5: a new series of
programs to perform population genetics analyses under Linux and
Windows. Molecular Ecology Resources 10, 564-567.

EXCOFFIER, L., SMOUSE, P. E., & QUATTRO, J. M. (1992). Analysis of molecular
variance inferred from metric distances among DNA haplotypes:
application to human mitochondrial DNA restriction data. Genetics 131,
479-491.

FALUSH, D., STEPHENS, M., & PRITCHARD, J. K. (2003). Inference of population
structure using multilocus genotype data: linked loci and correlated allele

frequencies. Genetics 164, 1567-1587.

39



FLORENS, F., BAIDER, C., MARDAY, V., MARTIN, G., ZMANAY, Z., OLEKSY, R., KRIVEK,
G., VINCENOT, C., STRASBERG, D., & KINGSTON, T. (2017).
Disproportionately large ecological role of a recently mass-culled flying fox
in native forests of an oceanic island. Journal for nature conservation 40,
85-93.

FOLMER, O., M. BLACK, W. HOEH, R. LUTZ, & R. VRIJENHOEK. (1994). DNA primers
for amplification of mitochondrial cytochrome ¢ oxidase subunit | from
diverse metazoan invertebrates. Mo/ Mar Biol Biotechnol 3: 294-299.

FRANKHAM, R. (2010). Challenges and opportunities of genetic approaches to
biological conservation. Biological Conservation 143, 1919-1927.

FRANKHAM, R., BALLOU, J. D., RALLS, K., ELDRIDGE, M. D. B., DUDASH, M. R.,
FENSTER, C. B., LACY, R. C., & SUNNUCKS, P. (2017). Genetic Management
of Fragmented Animal and Plant Populations. Oxford University Press.

FuJita, M. S., & TUTTLE, M. D. (1991). Flying foxes (Chiroptera: Pteropodidae):
Threatened animals of key ecological and economic importance.
Conservation Biology 5, 455-463.

GRANT, W., & B. BOWEN. (1998). Shallow population histories in deep evolutionary
lineages of marine fishes: insights from sardines and anchovies and
lessons for conservation. Journal of Heredity 89: 415-426.

GUAN, X., E. R. BRITZKE, A. J. PIAGGIO, D. L. BERGMAN, L. VAN PELT, & R. F. LANCE.

(2020). Genetic assays for guano-based identification of species and sex

40



in bats of the United States and Canada. Journal of Mammalogy 101: 970-
978.

HASSANIN, A., & A. ROPIQUET. (2007). Resolving a zoological mystery: the kouprey
is a real species. Proceedings of the Royal Society B: Biological Sciences
274: 2849-2855.

HE, K., Y.-J. LI, M. C. BRANDLEY, L.-K. LIN, Y.-X. WANG, Y.-P. ZHANG, & X.-L. JIANG.
(2010). A multi-locus phylogeny of Nectogalini shrews and influences of
the paleoclimate on speciation and evolution. Molecular Phylogenetics
and Evolution 56: 734-746.

HEANEY, L. R., DOLAR, M. L., ALCALA, A. C., DANS, A. T. L., GONZALES, P. C., INGLE,
N.R., LEPITEN, M. V., OLIVER, W. L. R., ONG, P. S., RICKART, E. A,,
TABARANZA, J., B. R., & UTzURRUM, R. C. B. (1998). A synopsis of the
mammalian fauna of the Philippine islands. Fieldiana Zoology New Series,
No. 88, 1-61.

HoBAN, S. M., HAUFFE, H. C., PEREZ-ESPONA, S., ARNTZEN, J. W., BERTORELLE, G.,
BRYJA, J., FRITH, K., GAGGIOTTI, O. E., GALBUSERA, P., & GoDoy, J. A.
(2013). Bringing genetic diversity to the forefront of conservation policy
and management. Conservation Genetics Resources 5, 593-598.

Hsu, Y.-C. (2005). Molecular Ecology of Elegant Scops Owl (Ofus elegans).
(Doctoral dissertation). National Taiwan University, Taipei, Taiwan.
HUTCHISON, D. W., & TEMPLETON, A. R. (1999). Correlation of pairwise genetic and

geographic distance measures: inferring the relative influences of gene

41



flow and drift on the distribution of genetic variability. Evolution 53, 1898-
1914.

IBOUROI, M. T., CHEHA, A., ARNAL, V., LAGADEC, E., TORTOSA, P., MINTER, G. L.,
SAID ALI OUSSENI, D., MONTGELARD, C., & BESNARD, A. (2018). The
contrasting genetic patterns of two sympatric flying fox species from the
Comoros and the implications for conservation. Conservation Genetics 19,
1425-1437.

IGEA, J., J. JUSTE, & J. CASTRESANA. (2010). Novel intron markers to study the
phylogeny of closely related mammalian species. BMC evolutionary
biology 10: 1-13.

IRWIN, D. M., T. D. KOCHER, & A. C. WILSON. (1991). Evolution of the cytochromeb
gene of mammals. Journal of molecular evolution 32: 128-144.

IUCN. (2020). IUCN Red List of Threatened Species. Version 2020-2.
<www.iucnredlist.org>. Downloaded on 3 September 2020.

JANSA, S. A., S. M. GOODMAN, & P. K. TUCKER. (1999). Molecular phylogeny and
biogeography of the native rodents of Madagascar (Muridae:
Nesomyinae): a test of the single-origin hypothesis. Cladistics 15: 253-
270.

JONES, K. E., S. P. MICKLEBURGH, W. SECHREST, & A. L. WALSH. (2010). 16. Global
Overview of the Conservation of Island Bats: Importance, Challenges, &

Opportunities. /sland Bats. 496-530.

42



JORDAN, S., GIERSCH, J. J., MUHLFELD, C. C., HOTALING, S., FANNING, L.,
TAPPENBECK, T. H., & LUIKART, G. (2016). Loss of genetic diversity and
increased subdivision in an endemic Alpine stonefly threatened by climate
change. Plos One 11, e0157386.

KALINOWSKI, S. T., A. P. WAGNER, & M. L. TAPER. (2006). ML-Relate: a computer
program for maximum likelihood estimation of relatedness and
relationship. Molecular Ecology Notes 6. 576-579.

KALINOWSKI, S. T., TAPER, M. L., & MARSHALL, T. C. (2007). Revising how the
computer program CERVUS accommodates genotyping error increases
success in paternity assignment. Molecular Ecology 16, 1099-1106.

KIMURA, M., & WEISS, G. H. (1964). Stepping stone model of population structure
and the decrease of genetic correlation with distance. Genetics 49, 561-
567.

KINJO, K., & NAKAMOTO, A. (2015). Pteropus dasymallus. In S. D. Ohdachi, Y.
Ishibashi, M. A. Iwasa, D. Fukui & T. Saitoh (Eds.). The Wild Mammals of
Japan (pp. 52-53). Kyoto, Japan: Shoukadoh Book Sellers.

KOCHER, T. D., W. K. THOMAS, A. MEYER, S. V. EDWARDS, S. PAABO, F. X.
VILLABLANCA, & A. C. WILSON. (1989). Dynamics of mitochondrial DNA
evolution in animals: amplification and sequencing with conserved
primers. Proceedings of the National Academy of Sciences 86: 6196-

6200.

43



KOPELMAN, N. M., MAYZEL, J., JAKOBSSON, M., ROSENBERG, N. A., & MAYROSE, .
(2015). CLUMPAK: a program for identifying clustering modes and
packaging population structure inferences across K. Molecular Ecology
Resources 15, 1179-1191.

KORSTIAN, J. M., A. J. SCHILDT, V. J. BENNETT, D. A. WILLIAMS, & A. M. HALE.
(2015). A method for PCR-based identification of bat species from fecal
samples. Conservation Genetics Resources 7: 803-806.

KORSTIAN, J. M., A. M. HALE, V. J. BENNETT, & D. A. WILLIAMS. (2013). Advances in
sex determination in bats and its utility in wind-wildlife studies. Mo/ Eco/
Resour13: 776-780.

KUMAR, S., STECHER, G., LI, M., KNYAZ, C., & TAMURA, K. (2018). MEGA X:
molecular evolutionary genetics analysis across computing platforms.
Molecular Biology and Evolution 35, 1547-1549.

LACK, J. B., Z. P. ROEHRS, C. E. STANLEY JR, M. RUEDI, & R. A. VAN DEN BUSSCHE.
(2010). Molecular phylogenetics of Myotis indicate familial-level
divergence for the genus Cistugo (Chiroptera). Journal of Mammalogy 91:
976-992.

LARSEN, P. A., HAYES, C. E., WILKINS, M. A., GOMARD, Y., SOOKHAREEA, R., YODER,
A.D., & GOODMAN, S. M. (2014). Population genetics of the Mauritian flying
fox, Pteropus niger. Acta Chiropterologica 16, 293-300.

LEIGH, J. W., & D. BRYANT. (2015). popart: full-feature software for haplotype
network construction. Methods in Ecology and Evolution 6: 1110-1116.

44



LIN, L.-K., & PEI, K. (1999). On the current status of field population of Formosan
fruit bat (Pferopus dasymallus formosus). Endemic Species Research 1,
12-19.

LIN, S.-M., CHEN, C. A., & LUE, K.-Y. (2002). Molecular phylogeny and
biogeography of the grass lizards genus 7akydromus (Reptilia:
Lacertidae) of East Asia. Molecular Phylogenetics and Evolution 22, 276-
288.

LORENzINI, R., P. CABRAS, R. FANELLI, & G. L. CARBONI. (2011). Wildlife molecular
forensics: identification of the Sardinian mouflon using STR profiling and
the Bayesian assignment test. Forensic Science International: Genetics 5:
345-349.

MCcCCONKEY, K. R., & DRAKE, D. R. (2006). Flying foxes cease to function as seed
dispersers long before they become rare. Ecology 87, 271-276.

McCCONKEY, K. R., & DRAKE, D. R. (2007). Indirect evidence that flying foxes track
food resources among islands in a Pacific Archipelago. Biotropica 39, 436-
440.

McCMICHAEL, L., D. EDSON, C. SMITH, D. MAYER, I. SMITH, S. KoprP, J. MEERS, & H.
FIELD. (2017). Physiological stress and Hendra virus in flying-foxes
(Pteropus spp.), Australia. PloS one 12: e0182171.

MICKLEBURGH, S. P., HUTSON, A. M., & RACEY, P. A. (2002). A review of the global

conservation status of bats. Oryx 36, 18-34.

45



MICKLEBURGH, S. P., HUTSON, A. M., & RACEY, P. A. (Eds.) 1992. Old World fruit
bats: An action plan for their conservation. IUCN/SSC Chiroptera
Specialist Group, Gland, Switzerland.

MISHRA, S., S. K. SINGH, A. K. MUNJAL, J. AsPI, & S. P. GOYAL. (2014). Panel of
polymorphic heterologous microsatellite loci to genotype critically
endangered Bengal tiger: a pilot study. SpringerPlus 3: 1-10.

MOHD-YUSOF, N. S., J. SENAWI, S. M. NOR, & B. M. MD-ZAIN. (2020). Haplotype
and network analysis of island flying fox (Pteropus hypomelanus) using D-
loop region of mitochondrial DNA to confirm subspecies designation.
Mammal Research 65: 375-385.

Moussy, C., D. HOSKEN, F. MATHEWS, G. SMITH, J. AEGERTER, & S. BEARHOP.
(2013). Migration and dispersal patterns of bats and their influence on
genetic structure. Mammal Review 43: 183-195.

MURPHY, W. J., E. Ei1zIRIK, W. E. JOHNSON, Y. P. ZHANG, O. A. RYDER, & S. J.
O'BRIEN. (2001). Molecular phylogenetics and the origins of placental
mammals. Nafure 409: 614-618.

NAKAMOTO, A., ITABE, S., SATO, A., KINJO, K., & IzAWA, M. (2011). Geographical
distribution pattern and interisland movements of Orii's flying fox in
Okinawa Islands, the Ryukyu Archipelago, Japan. Population Ecology 53,
241-252.

NAKAMOTO, A., K. KINJO, & M. 1IzAwA. (2009). The role of Orii’s flying-fox (Pteropus
dasymallus inopinatus) as a pollinator and a seed disperser on Okinawa-

46



jima Island, the Ryukyu Archipelago, Japan. Ecological Research 24 405-
414.

NAKAMOTO, A., K. KINJO, & M. IzAwWA. (2012). Ranging patterns and habitat use of
a solitary flying fox (Pteropus dasymallus) on Okinawa-jima Island, Japan.
Acta Chiropterologica 14: 387-399.

NAKAMURA, H., NISHINA, A., LIU, Z., TANAKA, F., WIMBUSH, M., & PARK, J.-H. (2013).
Intermediate and deep water formation in the Okinawa Trough. Journal of
Geophysical Research: Oceans 118, 6881-6893.

NIKAIDO, M., HARADA, M., CAO, Y., HASEGAWA, M., & OKADA, N. (2000a). Data from:
Monophyletic origin of the order Chiroptera and its phylogenetic position
among Mammalia, as inferred from the complete sequence of the
mitochondrial DNA of a Japanese megabat, the Ryukyu flying fox
(Pteropus dasymallus). GenBank.
https://www.ncbi.nlm.nih.gov/nucleotide/NC_002612.1

NIKAIDO, M., HARADA, M., CAO, Y., HASEGAWA, M., & OKADA, N. (2000Db).
Monophyletic origin of the order Chiroptera and its phylogenetic position
among Mammalia, as inferred from the complete sequence of the
mitochondrial DNA of a Japanese megabat, the Ryukyu flying fox
(Pteropus dasymallus). Journal of Molecular Evolution 51, 318-328.

NUNNEY, L., & K. A. CAMPBELL. (1993). Assessing minimum viable population size:
demography meets population genetics. 7rends in Ecology & Evolution 8.
234-239.

47



NYHAGEN, D. F., TURNBULL, S. D., OLESEN, J. M., & JONES, C. G. (2005). An
investigation into the role of the Mauritian flying fox, Pferopus niger, in
forest regeneration. Biological Conservation 122, 491-497.

O’BRIEN, J. (2011). Bats of the western Indian Ocean islands. Animals 1: 259-
290.

O’BRIEN, J., C. MARIANI, L. OLSON, A. L. RUSSELL, L. SAY, A. D. YODER, & T. J.
HAYDEN. (2009). Multiple colonisations of the western Indian Ocean by
Pteropus fruit bats (Megachiroptera: Pteropodidae): the furthest islands
were colonised first. Molecular Phylogenetics and Evolution 51: 294-303.

OKADA, A., H. Suzuki, M. INABA, K. HORIKOSHI, & J. SHINDO. (2014). Genetic
structure and cryptic genealogy of the Bonin flying fox Pteropus pselaphon
revealed by mitochondrial DNA and microsatellite markers. Acta
Chiropterologica 16: 15-26.

OLEKSY, R. Z., AYADY, C. L., TATAYAH, V., JONES, C., HOWEY, P. W., FROIDEVAUX, J.
S.P.,RACEY, P. A., & JONES, G. (2019). The movement ecology of the
Mauritian flying fox (Pferopus niger): a long-term study using solar-
powered GSM/GPS tags. Movement Ecology 7, 12.

ORTEGA, J., & J. E. MALDONADO. (2020). Conservation Genetics in Mammals.

OT7A, H. (1998). Geographic patterns of endemism and speciation in amphibians
and reptiles of the Ryukyu Archipelago, Japan, with special reference to
their paleogeographical implications. Researches on Population Ecology
40, 189-204.

48



OT7A, H. (2000). The current geographic faunal pattern of reptiles and amphibians
of the Ryukyu Archipelago and adjacent regions. Tropics 10, 51-62.

PEAKALL, R., & SMOUSE, P. E. (2006). GENALEX 6: genetic analysis in Excel.
Population genetic software for teaching and research. Molecular Ecology
Notes 6, 288-295.

PEAKALL, R., & SMOUSE, P. E. (2012). GenAlEx 6.5: genetic analysis in Excel.
Population genetic software for teaching and research—an update.
Bioinformatics 28, 2537-25309.

PEEL, A. J., SARGAN, D. R., BAKER, K. S., HAYMAN, D. T. S., BARR, J. A., CRAMERI,
G., SuU-IRE, R., BRODER, C. C., LEMBO, T., WANG, L.-F., FOOKs, A. R.,
ROSSITER, S. J., WooD, J. L. N., & CUNNINGHAM, A. A. (2013). Continent-
wide panmixia of an African fruit bat facilitates transmission of potentially
zoonotic viruses. Nature Communications 4, 2770.

POLECHOVA, J., & BARTON, N. H. (2015). Limits to adaptation along environmental
gradients. Proceedings of the National Academy of Sciences 112, 6401-
6406.

PRITCHARD, J. K., STEPHENS, M., & DONNELLY, P. (2000). Inference of population
structure using multilocus genotype data. Genetics 155, 945-959.

PUECHMAILLE, S. J., & E. C. TEELING. (2014). Non-invasive genetics can help find
rare species: a case study with Rhinolophus mehelyi and R. euryale

(Rhinolophidae: Chiroptera) in Western Europe. Mammalia 78: 251-255.

49



PUECHMAILLE, S. J., & E. J. PETIT. (2007). Empirical evaluation of non-invasive
capture—-mark—recapture estimation of population size based on a single
sampling session. Journal of Applied Ecology 44: 843-852.

RITLAND, K. (1996). Estimators for pairwise relatedness and individual inbreeding
coefficients. Genetics Research 67, 175-185.

RUSSELL, A. L., BROWN, V. A., UTZURRUM, R. C. B., BROOKE, A. P., WOLF, L. A., &
MCCRACKEN, G. F. (2016). Comparative phylogeography of Pferopus
samoensis and P. fonganus (Pteropodidae: Chiroptera) in the South
Pacific. Acta Chiropterologica 18, 325-335.

SAITOH, T., KaJl, K., IzawA, M., & YAMADA, F. (2015). Conservation and
management of terrestrial mammals in Japan: its organizational system
and practices. Therya 6, 139-153.

SANCHEZ, A., M. BULLEJOS, M. BURGOS, C. HERA, R. JIMENEZ, & R. DIAZ DE LA
GUARDIA. (1996). High sequence identity between the SRY HMG box from
humans and insectivores. Mammalian Genome 7: 536-538.

SHAFER, A. B. A., WoLF, J. B. W., ALVES, P. C., BERGSTROM, L., BRUFORD, M. W,
BRANNSTROM, |., COLLING, G., L., D., DE MEESTER, L., EKBLOM, R., FAWCETT,
K.D., FIOR, S., HAJIBABAEI, M., HILL, J. A., HOEZEL, A. R., HOGLUND, J.,
JENSEN, E. L., KRAUSE, J., KRISTENSEN, T. N., KRUTZEN, M., McKAY, J. K.,
NORMAN, A. J., OGDEN, R., OSTERLING, E. M., OUBORG, N. J., PiccoLo, J.,
Poprovic, D., PRIMMER, C. R., REED, F. A., ROUMET, M., SALMONA, J.,
SCHENEKAR, T., SCHWARTZ, M. K., SEGELBACHER, G., SENN, H., THAULOW, J.,

50



VALTONEN, M., VEALE, A., VERGEER, P., VIJAY, N., VILA, C., WEISSENSTEINER,
M., WENNERSTROM, L., WHEAT, C. W., & ZIELINSKI, P. (2015). Genomics and
the challenging translation into conservation practice. Trends in Ecology &
Evolution 30, 78-87.

SHAW, C. N., P. J. WILSON, & B. N. WHITE. (2003). A Reliable Molecular Method of
Gender Determination for Mammals. Journal of Mammalogy 84: 123-128.

SHEHERAZADE, OBER, H. K., & TSANG, S. M. (2019). Contributions of bats to the
local economy through durian pollination in Sulawesi, Indonesia.
Biotropica 51, 913-922.

SHILTON, L. A., & WHITTAKER, R. J. (2009). The role of pteropodid bats in
reestablishing tropical forests on Krakatau. In T. H. Fleming & P. A. Racey
(Eds.). /sland Bats. Evolution, Ecology & Conservation (pp. 176-215).
Chicago, USA: University of Chicago.

SHIROMA, Y., HOSODA, M., ISHIKAWA, T., SAHOO, S. K., TOKONAMI, S., & FURUKAWA,
M. (2015). Characteristics of the environmental radon and thoron in
Minamidaito-jima, a comparatively high background radiation island in
Japan. Radiation emergency medicine 4, 27-33.

SINCLAIR, E. A., WEBB, N. J., MARCHANT, A. D., & TIDEMANN, C. R. (1996). Genetic
variation in the little red flying-fox Pferopus scapulatus (Chiroptera:
Pteropodidae): implications for management. Biological Conservation 76,

45-50.

51



TAKI, Y., C. E. VINCENOT, Y. SATO, & M. INOUE-MURAYAMA. (2021). Genetic
diversity and population structure in the Ryukyu flying fox inferred from
remote sampling in the Yaeyama archipelago. Plos one 16: €0248672.

TEELING, E. C., M. ScALLY, D. J. KAO, M. L. ROMAGNOLI, M. S. SPRINGER, & M. J.
STANHOPE. (2000). Molecular evidence regarding the origin of
echolocation and flight in bats. Mafure 403: 188-192.

TESKE, P. R., T. R. GOLLA, J. SANDOVAL-CASTILLO, A. EMAMI-KHOYI, C. D. VAN DER
LINGEN, S. VON DER HEYDEN, B. CHIAZZARI, B. JANSEN VAN VUUREN, & L. B.
BEHEREGARAY. (2018). Mitochondrial DNA is unsuitable to test for isolation
by distance. Scientific Reports 8: 8448.

ToDA, M., NISHIDA, M., MATSUI, M., WU, G.-F., & OTA, H. (1997). Allozyme variation
among East Asian populations of the Indian rice frog Rana limnocharis
(Amphibia: Anura). Biochemical Systematics and Ecology 25, 143-159.

TOMINAGA, A., MATSUI, M., ETO, K., & OTA, H. (2015). Phylogeny and
differentiation of wide-ranging Ryukyu Kajika Frog Buergeria japonica
(Amphibia: Rhacophoridae): geographic genetic pattern not simply
explained by vicariance through strait formation. Zoological Science 32,
240-248.

TSANG, S. M., WIANTORO, S., VELUZ, M. J., SIMMONS, N. B., & LOHMAN, D. J. (2018).
Low levels of population structure among geographically distant
populations of Pteropus vampyrus (Chiroptera: Pteropodidae). Acta
Chiropterologica 20, 59-71.

52



TSANG, S. M., WIANTORO, S., VELUZ, M. J., SUGITA, N., NGUYEN, Y. L., SIMMONS, N.
B., & LOHMAN, D. J. (2019a). Data from: Dispersal out of Wallacea spurs
diversification of Pferopus flying foxes, the world’s largest bats
(Mammalia: Chiroptera). Dryad Digital Repository.
https://doi.org/10.5061/dryad.8892g0m

TSANG, S. M., WIANTORO, S., VELUZ, M. J., SUGITA, N., NGUYEN, Y. L., SIMMONS, N.
B., & LOHMAN, D. J. (2019b). Dispersal out of Wallacea spurs
diversification of Pferopus flying foxes, the world’s largest bats
(Mammalia: Chiroptera). Journal of Biogeography 47, 527-537.

VINCENOT, C. E., CoLLAZO, A. M., & RussoO, D. (2017). The Ryukyu flying fox
(Pteropus dasymallus)—A review of conservation threats and call for
reassessment. Mammalian Biology 83, 71-77.

WAHLUND, S. (1928). Zusammensetzung von Populationen und
Korrelationserscheinungen vom Standpunkt der Vererbungslehre aus
betrachtet. Hereditas 11: 65-106.

WAPLES, R. S. (2015). Testing for Hardy-Weinberg proportions: have we lost the
plot? Journal of heredity 106: 1-19.

WILES, G. J., & A. P. BROOKE. (2010). 74. Conservation Threats fo Bafs in the
Tropical Pacific Islands and Insular Southeast Asia. Island Bats, pp. 405-
459. University of Chicago Press.

WiLLiams, K. E., R. E. SHERWIN, K. K. VANDALEN, & A. J. PIAGGIO. (2020). A
noninvasive genetic technique using guano for identification of

53



Corynorhinus townsendii (Townsend'’s big-eared bat) maternity roosts.
Western North American Naturalist 80: 476-482.

Wu, H.-W. (2010). Preliminary Ecological Study on the Formosan Flying Foxes
(Pteropus dasymallus formosus). (MSc thesis). National Taiwan
University, Taipei, Taiwan.

YANG, J. (2007). An oceanic current against the wind: How does Taiwan Island
steer warm water into the East China Sea? Journal of Physical
Oceanography 37: 2563-2569.

YODER, A. D., R. VILGALYS, & M. RuvoLo. (1996). Molecular evolutionary
dynamics of cytochrome b in strepsirrhine primates: the phylogenetic
significance of third-position transversions. Molecular Biology and
Evolution 13: 1339-1350.

YOSHIKAWA, S., MIMURA, M., WATANABE, S., LIN, L.-K., OTA, H., & MizOGUCH], Y.
(2016). Historical relationships among wild boar populations of the Ryukyu
archipelago and other Eurasian regions, as inferred from mitochondrial
cytochrome b gene sequences. Zoological Science 33, 520-527.

YOSHIYUKI, M. (1989). A Systematic Study of the Japanese Chiroptera. National
Science Museum, Tokyo.

ZARZOSO-LACOSTE, D., P.-L. JAN, L. LEHNEN, T. GIRARD, A.-L. BESNARD, S. J.
PUECHMAILLE, & E. J. PETIT. (2018). Combining noninvasive genetics and a

new mammalian sex-linked marker provides new tools to investigate

54



population size, structure and individual behaviour: An application to bats.
Molecular Ecology Resources 18: 217-228.
ZHIVOTOVSKY, L. A. (2015). Relationships between Wright's F ST and F IS

statistics in a context of Wahlund effect. Journal of Heredlity 106: 306-309.

55



B g —

AT s T8

Tm KI©
HEE®E 5728 FR F5l HE A fd
< (bp)
Cytochro B - gl —¥5| 718
me b Pd-cytb-F 53 F 5-GTTCGAAATCCACACCT-3' 1557 AWK E BEEER 1140 bp ; TRE
(cytb) Pd-cytb-R R 5-ACTTGAGTTTCTTCCTTGAG-3' ZE04> tRNA, D-loop F E8
#9 400 bp
Cytochro ISEZY Ll ST alS
e G Pd-COlc-F . 5-GTTAAACACAGACCAAGAGC-3' Rt MisES e
y Pd-COIc-R 53 R 5 - TCATACGATAAAGCCGAGGAAT-3' 1900 ZHFFTREET S22 COIl 1544 bp; EIFRFIT
oxidase Pd-COId-F F 5'-CCGCCGGAATTACGATACTGC-3' B85 84 ND2, tRNA 5
subunit | P-COId-R R 5-TTTTACTAATACCTCTCCA-3' 4 400 bp
(COl)
Displace
ment loop RodmtU 53 F 5'-GCTGAGGTTCTACTTAAACT-3' 429 Brown et al. SE il
(D-loop) RodmtL R 5-GAGATGTCTTATTTAAGGGG-3' (2011)

56



Bygx ., FREKINE MR E R Z5]F

BERRE 588 FR =27] REER/N HE HER
P-Sry 1 F 5'-AAC-GCA-TTC-ATA-GTG-TGG-TCT-CG-3’ 150 B1T&E RINE
SRY gene R 5'-CAA-GGC-GCG-TAG-TCT-CTG-TGC-3’
P-Sry 2 F 5'-GCG-ACT-GGG-ATA-TCA-ATG-GAA-AAT-3' 60 B1T:E EYDR
SRY gene R 5'-CAA-GGC-GCG-TAG-TCT-CTG-TGC-3'
AML P-AML 1 F 5-ATG-GGG-ACC-TGG-ATT-TTG-3' 300 BTt FE—EYZ
R 5'-GTA-GGG-CGT-GAT-TCG-GGG-GAT-TC-3'
AML P-AML 2 F 5'-CAG-GCT-ATG-AAT-ATT-GGC-AGG-AC-3’ 500 BTz FX IhiE H
R 5'-GTA-GGG-CGT-GAT-TCG-GGG-GAT-TC-3'
AML Pv-AML2 F 5'-TCC-GCA-ACT-TTC-AGA-GCC-AAC-T-3' 250 BiTaE X IhiE H
R 5'-AGC-GGA-AAG-GGT-GTG-ACT-AT-3'
Microsatellite A1 F 5'-TCT-CGG-TCT-GTT-CCC-TGA-GG-3' 300 SRS EYDR - IEERIAE
R 5-TGA-CTA-TTT-AAG-TCA-TTT-GCC-CAT-TT-3'
Microsatellite A15 F 5-TTT-GGA-AAA-ACG-ACC-CCC-TT-3' 260~300 EHEH .
R 5'-GCA-TCA-AAG-CAT-TAG-GGA-GGA-A-3' PUTARFS - IR
D-loop RodmitU F 5'-GCT-GAG-GTT-CTA-CTT-AAA-CT-3' 500 -
RodmitL R 5'-GAG-ATG-TCT-TAT-TTA-AGG-GG-3' Brown efal. 2011),  AIDAEF - I

57



fiix=. BFSMRERR

RESHiEs 2 EtEEEINE

ﬁmAEﬂW TIREFRIE

S

FERERE W= ENE RS ERRBERPHNEEINE

58



401 B P BB RE KA

sra 2] _E RV Y%= (B

59

REHOZHHEHEE

ety FVERRIEETS



=R RSP I TNEREREREE LR

A \ b

fEEER 2L B ORI ER LR TEEMRER A LM F ol o i ZIERY H IR

60



