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REXRKES, Z2E  EFFELRNE  BoBBREBEL T FHREER
SBERENEBZE. £58  ABNEBETES T RS , BERBEREE , K%
IEK , EFERERBUSNRELRBENNKRE , AFERRN 2 F |, &R
BIEAHEBNTR. SE-—FRAABHR IMEKFEAMRRINEDENEE
ZRUENKFESRER  URKNEFER T  RMNEAREEERL—2 K
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EESBINREENEE  YRBEEENREER  UREEEHSHRMEE—
FHRR
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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. Flying foxes
(Pteropus spp, Chiroptera) are keystone species with essential roles in pollination and
seed dispersal in tropical and subtropical ecosystems. Yet many flying fox species are
also of conservation concern, having experienced dramatic population declines driven by
habitat loss and hunting. The insular Ryukyu flying fox (Pteropus dasymallus) ranges
from the Ryukyu Archipelago of Japan through Taiwan to the northern Philippines, and
has undergone precipitous population crashes on several islands in recent decades. In
Taiwan, the Formosan flying fox was once abundant in its original main habitat on
Lyudao; however, this island population experienced dramatic hunting and habitat loss in
the 1970s and 1980s, leading to its near extinction. In recent years, additional small
populations of the Formosan flying fox were recorded on Gueishan Island and Hualien.
At the present time, nothing is known about the origin of the flying foxes on Gueishan
Island and Hualien. To study the relationship between the Taiwanese flying foxes and
their sister subspecies, we assessed population genetic structure and diversity in P.
dasymallus, and its likely causes using mitochondrial and microsatellite DNA markers.
Both markers showed significant genetic differentiation among most island populations
with patterns of isolation by distance. However, while mitochondrial haplotypes showed
some mixing across the region, likely reflecting historical colonization and/or dispersal
events, microsatellites markers showed clear subdivisions corresponding to the position
of deep ocean trenches. The current distribution of P. dasymallus and its subspecific
diversity therefore appears to have arisen through vicariance coupled with a long history
of restricted gene flow across oceanic barriers. We conclude that isolated island
subgroups should be managed separately, with efforts directed at reducing further
declines.

KEYWORDS: genetic differentiation, island biogeography, oceanic dispersal,
Pteropodidae, Ryukyu Islands, vicariance
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PREBMUNGERSZZIRREARESZEEERINTE L ELRHE
BEZEHEEZREMURRECERFERE SREEZTRERVENRE
(Ellstrand & Elam 1993; Frankham 2010; Jordan et al., 2016), EEEBHNBEMRT
R HRBENEYSEMREEREE , FHIRHNEEREEHE RGN T
IPEEFRENREYE. FHESEER , BAUTUEMHENEES Rt 2R
ARBRAEREINKFSE—NKRFENDEE. NERHR , LEA
B BRI — B ERBEFEEHIEEE(Allendorf et al., 2010, Shafer et al., 2015),
BREEQEEUREEROMTRA. £8, KERARREEEHNREE
E K FREARSE KM KM (Hoban et al., 2013, Polechova & Barton, 2015,
Frankham et al., 2017),

EttAREBEEFEMENRABROABERRTHERYREFEHEN
EEAGD  HRBERRDNWERYRE(Cox et al., 1991; Fujita & Tuttle 1991), JNiF
EEREREBETNRD , WERREITEREERMIEE (Nyhagen et al,
2005; Shilton & Whittaker 2009) , W4 |, 3 Z EEEERBEENEY(ANEHE) |,
B K FBIM I AY 2 ) (Sheherazade et al., 2019), fAM , ENEEIME N EFk | BEE
NERFLEERRBBENETEREES: — | EFRMEREBREL, SERFEEBD
ZHRZEFR)  EECBRERBIBHARENET , YEFHKFHRENTH
(Mickleburgh et al., 2002), B BIE%1# 200 ZERIEWE , FEEBHINAZTHE
HELEMR , SEBEBNRETE , HHEIEHE 30 BENEEHYEUCN, 2019),

EHRREREK, EARERMRIT. BIBLINGE(P. scapulatus) X ER 18
(Eidolon helvum)Wy EES AR , ERRUTEERMRIEM REHT NENIERH
(Sinclair et al., 1996, Peel et al., 2013), KEEH R RIFEHITRIEHBE , TR
RAEE, NBRREAANRADREE  BHUERATESEHANEBRER.
LAY 85 B #Y EN EE 5 4R (P. medius), &R FEHTINE(P. niger)., A FIMEE(P. tonganus)
B BB 2RI (P. vampyrus) (McConkey & Drake, 2007, Larsen et al., 2014, Tsang et al.,



2018, Olival et al., 2019) &%l , EEEXRBEERA T REMSEBRDNEE , H5
S YRR 2 IR BERE B (panmictic) VR ; A, BLINEWE Hlw : RE
B IMEF(P. livingstonii), BRI Z#MINIE(P. mariannus) B iz B SN 4E (P. samoensis)—
REHRASRAENESRERE K BERESENERREERRBrown et al., 2011,
Russell et al., 2016, Ibouroi et al., 2018), REEEFEESEFBLENYE K FE
TENREEERYHXR  HAEMS A BHEUTRRAE-—NKEERER ;, MEE
B i 2 B 1 T B ik B B FE R VE T [3 B )& 1L B2 B st (evolutionarily significant units,
ESU) , B EEE, TR EEREE(Epstein et al., 2009, Oleksy et al., 2019).

HREKIN4E (Pteropus dasymallus)EZ D MR BEAKFFES , TEHARTRKER.
EBNIFEEILEH BE(Kinjo & Nakamoto, 2015 ; Bl—), BEBICAA@EEE , 7
RBHDAZEHMED , SEVRBEARRBESNMEEE—RKRIMEP. d
daitoensis), 7K R ZFINEE(P. d. dasymallus), #7/EEKINEE(P. d. inopinatus)F1/\E 1L
IE(P. d. yayeyamae) , ARNAEEBNERE T E —ZEINEP. d. formosus )
(Yoshiyuki, 1989, Mickleburgh et al., 1992), MEMBRHE S HBERNFEREKRE T E
DHRBREILH B B S (Batanes islands) & B HE & & (Babuyan Islands) , 2
Fi M HFERFE  MARWENZERA— T (Heaney et al., 1998) , -

RKIMEEEBREARAREHBELA K F (UCN Red list) P FH A S B
(Vulnerable) R EZ MR (IUCN, 2019) , B LR BER R B E-E ARG (Vincenot et al.,
2017) , HP AR, KB, MEBNE=FATENKBEHEHRERL , 19 50-
300 £ {@E &8 (Wu, 2010, Saitoh et al., 2015), Bl LRAFEH E ZFERBMRAERR
£, ARNKEEEHIEES B AN KA Y (Natural Monuments) , AR
DENABIRIERYWIE(National Endangered Species) ; TIEE# | = EII45 bk 5
ARGREREEFLEY. A  HMNDE—ERK., NELUKFEREE

&, AIRALE , MAEBEEAESMENZEZE R (Heaney et al., 1998, Saitoh et
al., 2015)

AREEEMIEDH ERRAAREENWE S IE—F> KRB (Minamidaito-
jima) &t X 3R B (Kitadaito-jima) (B—) , HAIr BEAEHECHEAEN , &E

2



EMW 4 17 B E 2 B8 & (Saitoh et al., 2015), K B Z I E 5 1 R KB & B (Osumi
Islands) &% [Bl 52 h1 B & (Tokara Islands) , & BREKIMNIE 2 4 Y 48 57 (Yoshiyuki, 1989),
EEE  FENEBEEHESARES , A 1970 E 80 FR2E , EXREN
FNERE K , ZITHE(Lin & Pei, 1999), M 2004 & , &I B ERFCHEET
MR ; LA E 2006 FF , FEEASREMRIL I thEFCHKE T2/ ER (W,
2010), BRTAL , BRELEREESEERN R RETAHEBHARR,

BRIECZE BN REERRERESCEXNARA , EE RS ERRKE
ENHENMEEREEH, LEETEN S0ESHE  BALAEETEERERE
1,200 NB, HEHRE LA HBAY BB 7E R K kB (Last Glacial Maximum, LGM) &2 #
PEASMIE (Ota, 1998) , BB A MR FRERE. BIRFTZ 0 EHNEENRE
REd, B URERERNEHEEER 2R R (Ota, 1998, 2000) , ME=KRZ
[ B3 12 AR vk B8 B 2R th (4 R R Y B IR R 48— 20 Il B B e i BB (Tokara Gap or
Tokara Strait) % B B I8 (Kerama Gap or Miyako Strait) (B—) , E LBk AT 8EH
BMRANMERE , (BE 7T EYKEEEIL, P, URERKCENEERSERAR
RE 7 1t(Toda et al., 1997, Lin et al., 2002), EE1#hE F HFEIFFHREK(110 km)HI B
B A EREVEREEZKM  EEEERRNACEER KRBLERNHMS
fl(>270 km) (Ota, 2000, Tominaga et al., 2015), MAEEZREAHFNEEF —EH
(Batanes) & BB 77 ZEB¥ B (Babuyan Islands) , #97F L it A , EEE it |, &8
FREZIMBBEARKLERNLE, HBRESREAIER200 km) , B S
EEEUR(150 km, B B+ /3 AEFR) ¥ A #Zif (Bellwood & Dizon, 2013), AT , HE,
ENEEEBTEREEPAE L BMIIRET (Yoshikawa et al., 2016),

AHFFRFEHRAREE DNA RMFHEERNEREREERL , RERKIMENEES
ZHRMENEERERE. BNER : OBREXMERTREHPNEESEN ; (2)
RESBRCHARERLEESE L, EHEARTHDIENHEER - ; Q)XY
EREEECEX  AREFEENNICEEFELEREBLAR)NFERE
MREF SR E Mo R 2 BB R, AT UATRERINERA , SRET B BayEEEEE



ERXRER , AORRFEBENRERE , RESPEHRERER /BN

RECEEEE T,



MR &

1. BEERE

AR ZEAER 2009~2019 £/ , RTHE - H/ABRNER. BE. K
SREENER, REARBEERBRNAETENSI , YARBEMBNEED A
F{EERE (Mickleburgh et al. 1992), ERRERER. A H FHES®E |, H5t
S 77 BERAR , SEENERRE S BINT - EEEE 36 @, NFELEE 10 1.
WEKEE 22 @, KREPEE 1 B, URAREE 8 @, EEBNEAE—SRE
EEtESAR=ZE , @S TWL (BLUB). TW2 (8) R TW3 (BEAXE), \E
I MR R B RS (Iriomote-jima) & AIE S (Ishigaki-jima). #7/E KEER#
ARBEHMS (Okinawa-jima), K RIPIER B Ok B F B (Kuchinoerabu-jima)
MARTEMNEARBEEARE (Minamidaito-jima) (Bl — & ki #&—).

BABRGRERY ., MK, SRIBEBRFERES, BEEIENS
3mm K/, RER 99.5%HERE. Allprotect Tissue Reagent (Qiagen) SR &z IR B 1K
Wed  EEFH, MREANZHEXERER 05 cclliR , RFEN EDTAREZ
ROEHR, FRINABREFETERBEDS ; FMEHFERNREFR 99.5%HEREH
RNAIlater RNA B2 E & Bl (Stabilization Reagent, Qiagen) o

2. DNA ZEBR BBRABRBK

3194 B DNeasy Blood and Tissue Kit (Qiagen) ZHVZEE, MKk, UARSARA
NEBNWLERXHE DNA ; BEREEERKZE , BIEA QlAamp Investigator Kit
QlAamp Fast DNA Stool Mini Kit (Qiagen)i# 1T 2 Ex,

RPERAEAARPIERIZETHS]F Bovl 14987 (5-CGC-ATA-TGC-AAT-CCT-
ACG-A-3) & BovR 15967 (5'-GCG-GGT-TGC-TGG-TTT-CAC-3) i KK #%8& DNA
(mt DNA) 2 #IEF R, R4 H8#H R FE(Polymerase chain reaction, PCR)H{EEEFE S
15 ul , 2% 20-100 ng K 4R DNA, 0.375ul B9 10 uM IERBX 5] F &% 7.5ul B9 Quick
Tag HS DyeMix (TOYOBO). PCR fEA F3IRERE
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(1) VIR RERE A 94 T (2 7 8)

(2) FEBERE 94 C (30F), HERESS T R0W) RERBE 68T (50%) , LhF
ERE1T 35 RfER.

(3) MIERIBE S 68 T (10 2 8&),

AHFZEAE A ABI 3730XL DNA Analyzer (Applied Biosystems)i#4T PCR E ¥
EF. BATELL SeqMan K MegAlign (DNASTAR)ME 1T 4w 48N L ¥ HEF (align). T
fi7R8 Genbank & Dryad LERE=FRKIMEDB o ZFNENF , S E—FXKB
# B ZB & (Irabu-jima) B9 /\ & (L I 45 /& %1 (accession NC_002612.1) (Nikaido et al.,
2000a, b) ; AR MZE 5 55K B B /38 & (Batanes Islands)# B 3 & (Batan Island) % 4
18 & (Sabtang Island)&Y 1E &8 5 Il (accession MJIV458 B MJIV451) (Tsang et al., 2019a,
b) , RMNEMEERNRFRE 2 KE,

MEE DNA DS 2D , AR INERETH 26 B R MNMEE 2 FEF
$%—) , PCREV/EEERES 10 ul , B3 10-50 ng KYHEHR DNA, 0.5u1 B9 10 pM IER R
5| F & 5ul 9 Quick Taq HS DyeMix (TOYOBO), PCR A T 3;BE T :

(1) VItREERE A 94 <C (2 77 i8)

(2) FRBBRE 94C 30¥), HEBES T BOW) RERBEE 68 T (1548 , It
B B HE 1T 40 REIR.

(3) RIRIERBE 5 68 T (10 7 8),

PCR E¥) I8 ABI 3730XL DNA Analyzer #1720 #1 , B LB B8 GeneMarker
4.2 (SoftGenetics) iR B —EERENSMNER , FAEE Cervus 3.0.7 (Kalinowski
etal., 2007)E TERMNB FEE , MREENERURBR FHEPH —EERE,

3. RiRH DNA 47
RIFH IR DNA BER , R ETEAIENEGSHREE. EFRSEKML().
BRHBZHE MW, FHYRY ZE R (average number of pairwise differences for each

subspecies)o A7 F & EE % #7 (analysis of molecular variance, AMOVA) , 3R¥|
6



E MR EE D (LR E (Excoffier et al., 1992), REKBHE AR 1 EMAER D
o MEBEKEBENERIRE , BEDA "EEA . (within subspecies)® MEEfEM[
(among subspecies)M R E IR, RFTETEBNDLEE , BARRAEER
WREEWY derived index , EIR D AT EAEE Arlequin 3.5.2.2 (Excoffier & Lischer,
2010) , 36 20,000 random permutation 4 Bk BEE 14

BRAIIIREL Dt BV BIEEIESH (genetic distances) WIEE , MIF DB 2 1L2
FE (pairwise differentiation among subspecies) , LA B iR "EER#FERE  (isolation by
distance) BV B X, Ry Wy 5 6 8 (Y 1tb 2 BF Bk (geographical distances, km) 4R # 5 I
DR REEEZ |, BNEARE R H A B BEE## (Euclidean distances) , BB BFR R 2 47
HEHE 11 EERIE , 25 ABLS. &S, EBELE, ARE. AES. AR
B, 85, OKRHE. MARE. BEABUKRDIESE , £AEE Genepop
(web version)#4T Mantel test , 36 B4 20,000 permutation 4% &k 883 M (Raymond &
Rousset, 1995, Rousset, 2008),

B A9 — 5 LA haplotype network BIZFHRIKIMIBEH EEZE, H% , L MEGA
X (Kumar et al., 2018)2 3 — 18 maximum likelihood tree , 3 {# FA#k 8 Haplotype

Viewer (Center for Integrative Bioinformatics Vienna)#& H haplotype networko

4. #{ B DNA 247

ARGE—ERERIERREFBEK AT & (Hardy-Weinberg equilibrium,
HWE) , AR EREE 2 B R B FEEHET F# (Linkage disequilibrium)IRE
AP 65 B S AT K 88 75 3% (Markov Chain method) #8381 (38 B A 10,000 dememorization
steps, 1,000 batches B 10,000 iterations per batch) , 3 LA 3B & % e & 1E (Bonferroni
correction)fEZ ELLE , MAIEEM, #HEE—ERE , RMEKENENEE
(Np). BESFRBABEBH)RERES FRPEE(H) ; MetHE—D8 , MG
EZRMNESNEZS  PTHSFEVERHEN,). FVERNEEE(REEELH
REMEHEVNERE, Ac). FHHHo R He , TRt EBEDREN FHORENBEGE
(RI) , A {EIRE < MR BZB R (Ritland, 1996),



WERAREE DNA , R FUREEERETEEREEBINT , B8%F Fsr i
B AMOVA., A¥ 91t (pairwise differentiation) % 5 &t b= 3 (isolation by distance), L
RO HA LR \ESBEBBRIRBEEERNFRIS,. EFERIER), U
9 #r LB B GenAlEx 6.51 (Peakall & Smouse, 2006, 2012)5% Genepop 4.7.3 # 1T
.

ARUBEERBEEBNBERMR , HM#EBLL Bayesian clustering approach
AEBHNEE STRUCTURE 2.3.4 mEAHIENEE D 8 L WEZE E {7 (Pritchard et al,,
2000, Falush et al., 2003), FHTEFHEREBMT : AREBNSNERER, FH
admixture ancestry model §t& , burnin period & 100,000 iteration, Markov Chain
Monte Carlo (MCMC)E#{E%A 1,000,000, HEKRBE(K)ERES 1-10, @ KE&E
BEST 10 BRIEEURERL RN — B, WHER Structure Harvest RIFF19E
B LR (E (likelihood) R B R BURAE &RIEM K , L Evanno 53R 1§ ad hoc statistic
AK (Evanno et al., 2005, Earl & vonHoldt, 2012), Ex#& & H 9 E R L Clumpak 1.1 &
H2 B LK B (Kopelman et al., 2015),



i o

1. NRHE DNADH

EHRRRIDMT 80 BHRHKIMENEAS , RERBETERFERERE K
#5588 DNA WMo E4IEFFIHLHET 33 EERE, FEEEAT  BREEZHE
., RERSEMERFHERHEES AR 0948, 0.012 & 3.556, EEZEMZS
WMRRSRKR—  HYFEENEAREZERSNSEMEE; M5 —FHE , KRE
BrZRMARSEN, EREBANS T , RARHBREESEL KR
oiE,

AMOVA ZHTRIRA T B M RBFEINREEAB AR —WKE , @888,
NEW, FEK. ARKFEEESHHFHERBENSL, o5 B 0140, BEKX
M0 (P<0001 £=), FARFRRK 14%HRE DNABESE R ERNEZEM
R, MR IRE DNA WAH S LEERIBTENESERENER  EE8RN\E
IWZEHZEMRD  MARKFEERFEIMEARENEZR  HERBEE(R
=)o

RIE Mantel test WiER , R REEEE TR - BFEREN IEARR
(r* = 0.115, P < 0.05, B =), MRHRKIMERERRES, BENEFEEHEN
EESCRHEERRERNVER. WRBBBNEEERBREEBIEN TWL K
HREARERGEENN\ELTETWI-BRES 0082 ; TWI-AIEES 0.016)
PGEREL , EEMBREAZEIEREN TW2 UKk TW3 EA#EIE(TWL-
TW2 5 0.252 ; TW1-TW3 % 0.143),

2. MEES T
LA 76 B KIE 2 B, & 26 EAESHEUNHBEEERBMBZOMER ,
AREECHEF—ERENEESHEYE, THERERESTFRBABEH)RHEE
(He)Z B4 0536 & 0544, sl , BEEZEMESERTERN\BELIE,
mEERU4REE DNA MERMER , ARIMEFMEENEESEERFEN(R—). I



BBz FEEREEEN  BERERYREEREGATYE, Hb , F 4 HE
RERGFHOHEEED  Brfro 7TREBEFY  EECSEREERE EWEEFH
—HEB%, MAEEREZE , BARHREHT FE (Linkage disequilibrium)#y 8
EHR, %, RTN\ELUDE , FYRYE 2B EKE (Relatedness) A 4 SREEH
EEREE  MARDENREERIEEES0.147).

AMOVA #RAIT BRI TEBEFEEENEEIMLEBE, FssEA 0.069 (P
<0001, X)), ERYEWKELLRD K BEMN\ELTELAE - TEEZENKREE
G, M "EgEsE, 2HRABSBEEE (r*=0.298, P<0.01, B=),

LAEi#8 STRUCTURE S #MTRBIEEFEE BBV EEN EHE
ZIFMER R EEEIE (B, B3 Evanno &, UEEZ AK RRESEHF
LR {E (mean likelihood value without an increase in variance) , £ A RERYIE @ 2 BF
RA4K=4) ., BELBNARRTERCEERFAEAERMBEEHMEN D H
ZH(EE-ERERMERERIN)  MOHNERPHARRRT H2NEREYE
£, TW2(RE). TW3(BEAE)RKREBEERESHBEZRESETRA
BESE, Z—rHE, EETEN TWIEWLS) AERNELTENERT —H
EEBEEIH. TEAXTLAMI I RNENESRBREE. EK=30ERT,
KRBERTERCZEBHERAR -8 K MEARNELIRAZRESSIBENE
BEE, MEK=5K  kKEMZEEZRESHNREER S,
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R A

AFHERHRME T SETEER  EENUARBEEESHEMREE
mE, o hEESRALARKES, BEXWERGENEABRAEZNERER
HHEECOBRRER, RBENARBEFHENFIIR 26 BHEENERNEFRET
EERCEFEEZSNEE L, ABELXEUMERIWEES & (BM).

METEEERLE R T TENSLER | YFBREM T HE BB ER
BNBRERLEE, BEEIEENR , RALKRE S ERENER FRAZIRER
ZE  BEfLHEBIR:BEETEENHERRK (B=). BZEmsS , ELEXET
BERBFHB RS EENERR. HIES 4 (colonization) X R EFE & (admixture)
BRTRESHESRSY METERIGERHREEZTBNEALE , B
MTB/NEHENEE, EREZEPIKE (haplotype network) I P RIFEE[ZR | =
EZRTERGEMER BT EARER MRk EREEREFNERE , B
AR, Bt BB RERREEA RO TRARERACMEATE, HIRP
ERRTMERBFERERBENFY , EEPEESNFIIEE AT EEEEH
BER  TRBRERBEFEESES (LN TREME, BRXBEE —SHIRFHE
(BEIMEREBAERSHELE) , BEBRBRMAESEHBASANKREEBIERK
ZIRA,

RIFBEMANHEESNER  EESEMSETHEREEERN\ELEDE ,
RENBRAREE (R—). EMANSEERH , KRGEBR —EHEEE A
28, ETEMN K ERET , UREEEINESEMRFRENIR, EARD
BHAEMSEANABREEERETATIIRERRMAFERE : (1). 2R, KR
HELERBRM , ZEHEMRRES CBREBRNMIZERBE (KOER
HHESH 360 km IE) ; (2). KEREEZRZ S0 {EAIBEE (dispersers)E R [E
SR "HEMIA L (stepping stones)e KRERFEABEH 1,200~1,600 BF BRI EHT i
RE]  RIEEREERRIA AR MBITE S (Shiroma et al., 2015) , Ht & H b AR
Bl |, RKF ERNRREBFBRAREH M RBEMUREACT RS EE., mAEYHMm
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E . WMEXBE (Ryukyu Trench) (Bl—) A —REEBEZHKE , (HRRAFRE S EERE
SR RBERER , RAMREERRHN —BEZNIERE (geographical barrier), I
ek ARDEMFENREEZREREBERETEZENS DL , ATH#R
HREAERERNAFEE, BRSEREERBMPEENERSD X, HEND LR
ERNERR EARBEREMUABRERE LNWRRESZE) AT RREKA
82 (elegant scops owl, Otus elegans)#y & Hle (Hsu, 2005),

BRT ARDEN  BESEERNEZENER | RATRR A VRIRIKE
ENEECBEEILRR , AHRKRE, FERRNABELZEZEH, KRR
ZRNEFRE-HKAIR , BMUBERIBBE DM RKE ; YRR ,
BRIINFERRAELZERNDLTAZIN , LERENRE DNA WEHR,
MEZA DNA BB DL hEREBIRN 27 MER -, SFE D RIL-FEHREKE
SNLEREBRE7RET-EHRRXEENERBBR, Rt , EEEHKHZH
ot , BEREMERIKBRARAFBERSERNSEE , BERARRAE BB
Z B RIS,

BETRIFENBEESLAEKEBRE , BANHERMERESEN IR
Bt EMEZEEMHE  YREEBRFRFECHNERBEHREXZER -3 ERE
BB AR — B NEHKZESTE, (migration-drift equilibrium) , EHIEE
MERRER "BHA. (stepping-stone) A BEE R | UL E rJER M MY IR EF
[ 8% 4 (Kimura & Weiss, 1964), BE Lt , TIEREfRERE, BRNER A ER
MAVRIERIBIEERE K MREPHEEERNTER T, EEFSATEER
RERR. R% , AEREETRAEBNER T R84  FERIERFERE
RNBAREBABAZ B R E S /#1882 (Bossart & Prowell, 1998) , M B 1E A<
RPHAER , FEERBMEFEDHAEBRANESED L, EEREEENMAIRE
(Hutchison & Templeton, 1999),

BAETRS  BEEIMERECEANERRTEEBEERTRECZE M
ZEPEEMENBERCBE. RAHRF  REER/N\ELDERTRALCHIE
BHER , XETMEREREEROKBRPNESERMEARRN , MEELLRHE
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DEAAMEERM FRAEL , BEEEENEELUREK. 5—FE , & 200~300
km B SRR B RRIAEN DL (MIFBRRNAELGE) , BRER
MEEMARAEERREREZHAIAIEERN LR, S0  BEEMSHER
EREHNERTRIBERENESES L, MEAMANSBRER , AlEHEL BN AAE
BERERER2H, BHIEMERSESELEHETW)HRNERE —EHR
ENELTENER  RAERREREITEKEENKE,

FMRF—EETARENRAR , EEEBNE LBKRFTWL) P ATHEE
SREENBEESEMY, 1977 FRELENAEEEFE K BERNEERELS
WERARY R E B EBIMEHEREES E(Wu, 2010) , FItiE —EEHERARKIE
FTREBFEEB AN, BEL - REEBRNEMNEBRE(TW2, TW3) , BER
BRXEBNN\ELEREEABTBENBGRR HEEESRMRITERRES
EiEE D B REANIER(e.g., Comas et al., 2004), BERMNER  KBHBLEK
BETREESZEALEFRNEILE (founder) , BERBNEL, TW2(#E).
TWI(EEBAS)MREERFEEHRFNER.

RE—DZHEEHEBRRMAITMNERE LENEESRMEER, B% , I
BERAUECHFEHMENEAIRILZARFHHERBMINEE LS ; BE , E
BEREURIBHBEURESER  FREZEARMERN\ELRFONERNEH
HiEE, AAWERESE/\ELEEN 2 AR (Kinjo & Nakamoto, 2015) , FEB#
$BILE 110 km ZiE. #BI% Nakamoto et al. (2011)¥gH , NETESHEBERERE
EBEE , HHEEHN 50 km ZANHINIEH(BEZREHBEELE). BEBESHIN
EHRFSENSE EARRTEEERDEAREZEELE , FA—EEZs 1A
B SRV IRET

B ENERBERZERNEERCHMRER IR TRAREERERB R
HRIEREM D X, M0 EFENAIHERAR , RRTEFEH PR ER KR
RENETBE , MREBRNEFERER T RIOKBANERSER, RANBER
ITHARESEENERREEEREZEASHNELE , AN LBE , RAIBE
SEMMN EE LEEERNE D FHNKE (MAREE), BRAKBINER
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Bfi, Z—FHE, REMEBEENIEZR A MARERBXGEFERIIEEE
MERR , BEUTHRAA-EBNEKEEERE, MEFEREVEERAMKRE ZERY
BREENSL , AIRET RREFBHEZRHATNMRERZSE, SIBmS , &
wseiEd TRICLRERER D HBREETRKMENESER , BEMA—BREARR
BETRNERE. NRFIEERATESNBFILARKES, DRGFTEENERT
MAFRERENEAYE HETMA—MRABREYHBESEREAR FHE
BEE, RRAABEEFTNEFRMEHEFEERFETERZARE , U
ERZEERMHNEHINER S BHR &L ES FVEEA,
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FK—. BRERIMF (Pteropus dasymallus) HIBES MM | LUK HREE DNA 2HI[E K 26
BHEEEREREE

mtDNA Microsatellite DNA

Population N H h T k N N, Ac H, Hy RI Fig

FormosanFF 36 16 0.889 0.012 3.557 36 4.885 3.599 0574 0.601 0.004* 0.060
Yaeyama FF 11 10 0.982 0.011 3.200 10 3731 3480 0.596 0.584 0.005 0.031
Orii’s FF 22 9 0.844 0.008 2377 22 3846 3351 0540 0.575 0.029* 0.083
Erabu FF 1 1 - - - 1 - - - - - -
Daito FF 8 3 0679 0.007 2214 7 2.885 2885 0434 0418 0.147* 0.040
Philippines 2 2 1.000 0.043 13.000 - - - - - -

*: statistically significant P < 0.05

N: BB (sample size), H: AT ERE2 3 K E {FH 202 (number of haplotype observed), h:
BS {58 % 5 (haplotype diversity), 7: B2 EB& % 8% (nucleotide diversity), k: 3% E
B = £ B (average number of nucleotide differences), N.: SEREFIHN S E R E
(mean number of alleles per locus), Ac: EE K E E E (allelic richness), Ho: 2B & F
#1A1{E (observed heterozygosity), He: 2 & F HIEE{E (expected heterozygosity), RI:#1
#&1E (relatedness), Fis: B X & & (inbreeding coefficient)s K EIPEBR R BE —#&
X BEHBRED RN D, MWE: FF, Mg (Flying fox).
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=, FERIMIE (Pteropus dasymallus) B9 FE R B D #T (Analysis of molecular
variance, AMOVA)

R AREE DNA METE DNA
8 2R £ 2 (%) P value variation (%) P value
TE [ 13.97 <0.001* 6.91 <0.001*
TEZR 86.03 93.09
* IREHEEE M statistically significant

HETSHREMA D , @5 E%(Formosan), /\E L (Yaeyama), 37K (Orii’s),
AR5 (Daito) & JEEE (Philippine) iREF , BAEB AR —EMAKIRE DNA 25
o, NEETHEREES .
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R=, FHBRINF (Pteropus dasymallus) AR/ KE 2 M R Y RED L

REE =8 NE L FEK KX FEEE
= 0.407*
0.000N° 0.096*  0.166*
NE L 0.361*
0.011™ 0.079*  0.158*
TEK 0.519*
0.057* 0.036* 0.247*
K= 0.439*
0.132* 0.139* 0.159*

": nonsignificant JEFEZE

*: significant B8& P {€ <0.05

s, EEAR L FNNERBIITER ; For,
KREBEEREIRIMA D, HEHEEETRERERF.

17

EHARTANHMEESMER.



120°E 125°E 130°E
| I |

SOUTH KOREA W

o

35°N | asen

B

JAPAN
e

Kuchinoerabu-jima (1)

g o) ﬁ Osumils.
30°N = . .
3 ".” Tokara Is.
E=Hiea ” Erabu FF
Amami 'S'g £ P. d. dasymallus
0
-4
Okinawa-jima ¢ °
(22). = 2
Gueishan Is. o S Daito Is.
(28, TW1) . 2

. ./ Orii's FF Minamiadaito-jima (8)
Irabu-jima (1%) P. d. inopinatus [

M Daito FF 2
P. d. daitoensis

25°N
. ST

Y. ‘?«‘-ﬂ;shigaki-jima
(7)

Iriomote-jima
(3)

- Lyudao

(3, TW2)
N N | |

Formosan FF P d. formosus

Yaeyama FF
P. d. yaeyamae

Sabtangls. (1*) o Batan's- (1

20°N - Bataness. : o . N - 20°N
o Philippine population A
Babuyals. o°
o 0 100 200 400
aye = T T T T T Y B
Phlllppll‘les Liizoh Kilometers
0 - TGO

B—., HRFEH, BN FEREE DA E
FEERHBKMENER S H , SEKFRRAMERCEAHE SR EZXEFNE
MR (S RKtek—), 25%(*)1KN%K DNA FFIHRE Genbank ¥ Dryad BiuERE,
B R P WT—FF: T (Flying fox); Y: E2FRE & (Yonaguni-jima); T: 2 RE B
(Tarama-jima); M: = & B (Miyako-jima); K: 1t X3 & (Kitadaito-jima).

18



1.0 ® o ° ™Y
° ° ® mtDNA
0.8 1 ° ® (P = 0.115, P < 0.05)
A O microsatellite DNA
o (* = 0.298, P < 0.01)
Q °
E 0.6 A
0
E ° °
5 ° .
| ° o0
E 04 . ° o ® °
.. [ ) .. [ )
o o hd
L4 °
0.2 o o °
o S o o4 0 o %%
[ 1] o ® o 8
foXe) [ ) o o o
° oBCOo ®0
0.0 = Te eI T T T T T 1
0 200 400 600 800 1000 1200 1400 1600

Geographical distance (km)

B =, BRBRIMEE (Pteropus dasymallus) HYE{EF ith 32 2R B =~ B W6 ) o 3 LE %

19




B=. FERIMEE (Pteropus dasymallus) A9 EE{Z F iB4% E
B-HeAXR-—EZERKE K SEERENRT A NEEGRNERKILE. 8-
BMEARE-RELSR, MEB—PHARKKR—BENTHERSE, BERHA FF:
IR (Flying fox)o HEFTHREBMA D , E8(Formosan), /\E L (Yaeyama), TE
EK(Orii’s), KEREERE(Daito) & JEREE (Philippine)ikE%, #E: FF , JMIE(Flying fox).
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WM, UHZEK STRUCTURE %47 , B#XE8 5 5. 76 EIMHIMIE (Pteropus
dasymallus) {8 B 4918 6548 E

B-ERARE—(ER A S—HEeRX—EEEsH K SEHRCHNREHEZERK
BREER OB IHENEL, K BARKRTENEEI B , RUENSREE
A AK BEER 9. EERRAUNERTRENIZERSIEE ; ¥ #ARRLSH
HEE 0~1 2@, ME: FF, JMEE(Flying fox).

21



AMRFBRRBFMYELEME , URHEBHYEREVERESE. FIE
ME., MIKABRELDHYERMBATRESR. A, BACBHTEE, REE.
mEIgE, MEBRIE L, Dr. Atsushi Nakamoto, Dr. Emyo Fujioka REFZBIEBRBIHT
ERtRB) ; AR BHMIRBLHERERREHN Y EEZ X Dr. Tetsuo Denda B
BERENXZE,

22



SE M

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

BELLWOOD, P., & DizoN, E. (2013). The Batanes Islands, Their First Observers, and
Previous Archaeology. In P. Bellwood & E. Dizon (Eds.). 4000 Years of
Migration and Cultural Exchange: The Archaeology of the Batanes Islands,
Northern Philippines (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 Pteropus mariannus. Conservation
Genetics 12, 933-941.

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

Cox, P. A., & ELMQVisT, T. (2000). Pollinator extinction in the Pacific Islands.
Conservation Biology 14, 1237-12309.

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.

23



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.

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.

FLORENS, F., BAIDER, C., MARDAY, V., MARTIN, G., ZMANAY, Z., OLEKSY, R., KRIVEK, G.,

VINCENOT, C., STRASBERG, D., & KINGSTON, T. (2017). Disproportionately large

24



ecological role of a recently mass-culled flying fox in native forests of an oceanic
island. Journal for nature conservation 40, 85-93.

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.

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

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 (Otus 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 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

25



genetic patterns of two sympatric flying fox species from the Comoros and the
implications for conservation. Conservation Genetics 19, 1425-1437.
IUCN. (2019). IUCN Red List of Threatened Species. Version 2019-3.

<www.iucnredlist.org>. Downloaded on 28 February 2020.

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., 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.

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

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.

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.

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.

26


file:///C:/Users/sfchen/Dropbox/1_FF%20DNA/www.iucnredlist.org

LIN, L.-K., & PEI, K. (1999). On the current status of field population of Formosan fruit
bat (Pteropus 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 Takydromus (Reptilia: Lacertidae) of East Asia. Molecular
Phylogenetics and Evolution 22, 276-288.

MCcCONKEY, 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.
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.

MICKLEBURGH, S. P., HUTSON, A. M., & RACEY, P. A. (2002). A review of the global
conservation status of bats. Oryx 36, 18-34.

NAKAMOTO, A, ITABE, S., SATO, A., KINJO, K., & 1zAwA, 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.

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.nchi.nlm.nih.gov/nucleotide/NC 002612.1

27


https://www.ncbi.nlm.nih.gov/nucleotide/NC_002612.1

NIKAIDO, M., HARADA, M., CAO, Y., HASEGAWA, M., & OKADA, N. (2000b).
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.

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

OLEKsY, R. Z., AYAaDY, 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 (Pteropus niger): a long-term study using solar-powered GSM/GPS
tags. Movement Ecology 7, 12.

OLIVAL, K. J., LATINNE, A., ISLAM, A., EPSTEIN, J. H., HERSCH, R., ENGSTRAND, R. C.,
GURLEY, E. S., AMATO, G., LuBY, S. P., & DAszAK, P. (2019). Population genetics
of fruit bat reservoir informs the dynamics, distribution and diversity of Nipah

virus. Molecular Ecology, https://doi.org/10.1111/mec.15288.

OTA, 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.

OTA, 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.

28


https://doi.org/10.1111/mec.15288

PEAKALL, R., & SMOUSE, P. E. (2012). GenAlEx 6.5: genetic analysis in Excel.
Population genetic software for teaching and research—an update. Bioinformatics
28, 2537-2539.

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.

RAYMOND, M., & ROUSSET, F. (1995). Genepop (Version-1.2): population genetics
software for exact tests and ecumenicism. Journal of Heredity 86, 248-249.

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

RoOUSSET, F. (2008). GENEPOP’007: a complete re-implementation of the GENEPOP
software for Windows and Linux. Molecular Ecology Resources 8, 103-106.

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

SAITOH, T., KAJI, K., IZAWA, M., & YAMADA, F. (2015). Conservation and management
of terrestrial mammals in Japan: its organizational system and practices. Therya 6,

139-153.

29



SHAFER, A. B. A,, WOLF, J. B. W., ALVES, P. C., BERGSTROM, L., BRUFORD, M. W.,
BRANNSTRO M, I., COLLING, G., L., D., DE MEESTER, L., EKBLOM, R., FAWCETT, K.
D., FIOR, S., HAJIBABAEI, M., HILL, J. A., HOEZEL, A. R., HO GLUND, J., JENSEN, E.
L., KRAUSE, J., KRISTENSEN, T. N., KRU TZEN, M., McKAY, J. K., NORMAN, A. J.,
OGDEN, R., 0 STERLING, E. M., OUBORG, N. J., PiccoLo, J., POPoVvIC, D., PRIMMER,
C.R.,REED, F. A., ROUMET, M., SALMONA, J., SCHENEKAR, T., SCHWARTZ, M. K.,
SEGELBACHER, G., SENN, H., THAULOW, J., VALTONEN, M., VEALE, A., VERGEER,
P., VIAY, N., VILA, C., WEISSENSTEINER, M., WENNERSTRO M, L., WHEAT, C. W,
& ZIELINSK], P. (2015). Genomics and the challenging translation into
conservation practice. Trends in Ecology & Evolution 30, 78-87.

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.). Island 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 Pteropus scapulatus (Chiroptera:

Pteropodidae): implications for management. Biological Conservation 76, 45-50.

30



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.

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 Pteropus 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
Pteropus flying foxes, the world’s largest bats (Mammalia: Chiroptera). Journal
of Biogeography 47, 527-537.

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

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

Taipei, Taiwan.

31


https://doi.org/10.5061/dryad.8892g0m

YOSHIKAWA, S., MIMURA, M., WATANABE, S., LIN, L.-K., OTA, H., & MIZOGUCHI, 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.

32



B8k —. Z<WIgRrrfE A 2 5RBRIMIE (Pteropus dasymallus) i 2s B K 3R

HR&

HREER BAEgE RIR
P. d. formosus
(EBINE)

TW1 28 ELS

TW2 3 R5

TW3 5 BEEXE
P. d. yayeyamae 3 RS

= 7
(\E LN E) 1 AIEE
FEIE
P. d. inopinatus 22 SPAE S
(37 B KIN4E)
P. d. dasymallus 1 OXEIS
(k B EBINEE)
P. d. daitoensis 7 BAERE
(RERINEE)
SRR 4 =8
PDIHE

@zt 80

& F %8 Genbank {8 |,
(Nikaido et al., 2000a, b)

accession numbers & NC_002612.1

* FE 5 Dryad B{{ & ¥} E (Dryad Digital Repositorys)El8 |,
accession numbers % 5l & MJV451 & MJIV458 (Tsang et al.,

2019a, b)
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ie&—. 26 #HiE AR FRERINYE (Pteropus dasymallus) B9 E B K ER

Locus  Forward primer (5°-3°) Repeat motif  Size range (bp)  Na Ho He

A011  F: TCTGACTTGAGCCCTAAATGCA ATCT 177-213 10 0.774  0.668
R: CCAACTGATATCTCTCTGGGTGGT

A013  F: CATCTTAGCCAAACGCCAGC ATCT 209-230 6 0.245 0.531
R: CCTTTCCCTTCTATTTTCCTGGA

A206  F: CTAGTGTTAGAAATCTGGGCTATTAATGTATAC  ATAG 231-247 5 0.590 0.558
R: AAGAGATAATTGAAAGCAAAGAAAAAAGA

A207  F: GCCATCGGAAATCTAATGTGC ATCT 203-215 4 0.490 0.489
R: ACTGTCAAAACACTCTCCAATAAACAA

A214  F: GGAAAGAGGTCCCAATGGCT AGAT 182-202 6 0.539 0.531
R: TTTTGAATTCTGCATGAGAGATTTG

A226  F: CTTTCCAAATGCCAACTGTTGA AGAT 168-185 5 0.556  0.487
R: TCTAGAATGTGAAACATAAGCCTCTGA

B004 F: CCGACACATGCCACTTGAGT GTTT 115-123 3 0322 0.284
R: CCCCATGTAATATGCTGCTTTTT

B007 F: TCCGTTTTTTGCGTCAGACA GTTT 153-157 2 0.338 0.313
R: GCCCTCGCTGTTCTGATATGA

C017 F:TTTGTGGGTTTCCAGCTTCC TATG 179-196 5 0.475 0417
R: GGCTTATCCAGAGCAACAGGTC

C305 F: TGGATTTTGTTAACCAATGTCACC CATA 143-156 4 0.250 0471
R: GCCGTTTCCAATTTACTTCTCTCA

C312 F: AGAGTGCAAGACAGGCAGGG ATGT 209-235 6 0.370  0.361
R: TGAACACAAAATGCAGTATATGGATG

A313  F:CTTTGGGATTTCACGGGCTA AGAT 153-173 6 0.811 0.661
R: AAAAGGTTGGCCATCCTGTG

A213  F: GAACTGGGTCATTGGCTGGTA ATCT 164-185 6 0.543  0.585
R: GTGGCTCCTGGGCTACATGT

D018 F:CTCCTTCAGTTTAGGCTGTGCA AC 154-166 7 0.378  0.400
R: TTTTGCCAGTGAGATGCCAA

B215 F:CTTTTGTGTGAGCGCTGGTG GT/GTCT 174-182 5 0.559  0.503
R: ACTCAGCCCTCTGCTGTTCCT

B014  F: GCCTCAGTTTCCTCCTCTGTGA AAAC 173-181 3 0.261  0.248
R: CCTCCACTTCGGTTTACCAAGA

A224  F:CATGGCTCGTGCCTGTTG AGAT 177-197 6 0.624  0.595
R: CCTCCCTCTTCTACTCTCTCTCCA

C002  F: AGGGCAGTATGTCTCCTGAAGC ATGT 188-196 3 0.636  0.452
R: TTTAATGCAATCCCTAATTGTTTTTTT

A019  F: ACATGGAAACGGAGGTTGGA GAT 211-214 2 0.263  0.323
R: CACACGGTCACAGAAGGCTG

A023 F: TCTTGGAAAAATAGCTTGTGGAGA ATAG 178-227 6 0.505  0.533
R: CCTGTCACACGGGAACCTAAA

A014  F: TGGCAGCATTATTCACAATAGCA ATAG 212-236 7 0.675  0.645
R: GCACGTGTAATAATTCCTTTCCTCTT

A317  F: CCTCACAATCACAGGAGCCA CAGA/ 215-251 10 0.779  0.715
R: GGGCTAGCAGAGAAAGGGAAC AGAT

C220 F: CCACTTACTTCCAATTCTTACCAGC CATA 221-236 4 0.325 0.338
R: TGAGTATTTTACCACTGAGTGTGTTCG

A015  F: TTTGGAAAAACGACCCCCTT AAC 265-286 4 0.233  0.236
R: GCATCAAAGCATTAGGGAGGAA

A001 F: TCTCGGTCTGTTCCCTGAGG AAC 299-302 2 0.406  0.352
R: TGACTATTTAAGTCATTTGCCCATTT

A222 F: GGGTTGAGAGGAGGCAGTTCT ATCT 338-386 11 0.801  0.656
R: CCAAATAGCTTTAGGAAGGTCCCT

Na: ZE K B (number of alleles); Ho: B & F#18I{E (observed heterozygosity); He: £
# 4 ¥ HAE {B (expected heterozygosity)
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