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Abstract

Bark cloth (tapa) is one of the most important material cultures of Austronesian
peoples. In the Pacific, tapa is made primarily of paper mulberry (Broussonetia
papyrifera). Because paper mulberry cannot generate seeds in insular Southeast Asia
and Oceania, earlier studies suggested that paper mulberries could have been brought
to the Oceania from East Asia along with the expansion of the Austronesian peoples to
Oceania. Therefore, we aim to test Austronesian colonization hypothesis through
phylogeographic study of paper mulberry and to elucidate how human mediated
dispersals have shaped population structure of the species. A total of 516 specimens of
paper mulberries were collected from Taiwan, southern China, Vietnam, Indonesia,
Philippines, Reunion and the Oceania. Analyses of DNA sequences of both ITS and
cpDNA ndhF-rpL32 indicate that populations in Indonesia, Near Oceania and Remote
Oceania are devoid of genetic variation, while Taiwan and China harbor the highest
genetic diversity. Haplotype networks reconstructed using both DNA markers all
show star-like network structure, suggesting a scenario of population range expansion.
This inference is further supported by nested clade phylogenetic analyses (NCPA) that
conclude a continuous rang e expansion or long distance colonization for the
Oceanian samples. In the networks, all haplotypes carried by Hawaiian samples are
identical or linked directly to haplotypes from southern Taiwan and China separately,
suggesting the Hawaiian haplotypes are derived from those two regions and at least 2
colonization events had occurred to shape the population structure there. In the
ndhF-rpl32 network, about half of the samples from Remote Oceania carry a
haplotype found in southern Taiwan and Sulawesi, Indonesia. Because paper
mulberries are planted in Sulawesi, suggesting strongly that the southern Taiwan

paper mulberries should have been the direct ancestor of the Remote Oceanic
v



populations. These results are consistent with the idea that paper mulberry in Oceania
have been transported from East Asia, especially Taiwan, partially supporting the
“Express Train Hypothesis™ that hypothesized Taiwan as an important stepping stone

for the Austronesian peoples expansion.

Key words: human-mediated dispersal, tapa, bark-cloth, commensal species,

Austronesian, Oceania
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BA 0 = A RDRF DA - K pEHE M (Diamond, 2000) © £ 1 F T F R Y 5
BT B g As s @ 5 B A SR8 DNA A 454 % £ 45 (Lum and Cann,
2000; Trejaut et al., 2005; Kirch, 2010) » 2@ » ARkt < Ewag | K8 7 &% &

Tl Aag ] Bhd bz d el g e XEN S P L] B ARM

h

(Matisoo-Smith and Robins, 2004) o d '@ -] 87 € #Fk > A FFA 4 PALHF 3T %

BoawEo A o R R RN GRS Tl S b TR nE 4
4



s BT e FEERREALEI RPN FT NG TAR o

P I ARFY AR RATTEE ARG ERR T L PR
AAHs §EEDLAFIESF & 5 FR O E (Suetal., 2000; Hunley et al., 2008;
Kayser et al., 2008) » # #F & § %84 5% — BiE |43 | (Oppenheimer and
Richards, 2001; Oppenheimer and Richards, 2002) = " f 42 | ehp 2 Bt > A 2 R &
A LR A& > R BB EPRTLADLAFIRE > Rig 4w L= T
#75 % (Kayseretal.,, 2008) o " 4p3i | % AR TR & 7 A e L r 2 3+ R & I %3
BTN B BEES FE AL PR IR T AFAR Y B P
B o d WRAFENBIRGREAE D ERATFIV A LRI LG TEFAL
BIIA X TFE2Z 5 T A FENEPRT L SREGIA LR G T %FLL
(Flint et al., 1986; Kirch, 2010) » i B#EFHip N E LR G T RFLR I LG L %Em
FHARTFI G CPEEIRED S L2 L@ o M ASY L4 885 A
SR AR A SR 0 7R AR R DR T P grd s g hB B
(Bismarck Archipelago Indigenous Inhabitants model)> i 58 & 2 R & 7 A g4 L 2 =
v ¥ d e EE R LB FE A X (Matisoo-Smith, 2007) -

B 18 - B Eg—&us Reip s (Voyaging Corridor Triple I)(Green, 1991) E #3%
M BB a hFREow e P AT o dgdia e AR A
IR LR FETAFENRF O TP EL AL 2R B &

% | (Matisoo-Smith, 2007) -



AP BE DA MLLE Y N R AR
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LR g ] 1 # Jean Hivert 3% & (%] 3)

ARG EASLH T d WHERS LS LBL 0 TUERI R LEREA
BFEHOL LGP R o P A Ake C EBER R (FRERT) S T RS A EN
ERF RIS N WEAEWOFREYRE R TN EAEENE
Bende o TR B R A RBREEZLS ZABEE -RL AT ~Z2a 2
FE AR E R G G o b o d R R BT A TR B VLB
W IR AN BT A AN NS - TR 0 TS MR R R ARRE

EERR AR HE S S R B RS R SRR Y MR
11



EHABEAS T OB F 0 A QLE 20 224 E 1P SR R B ORE FL A
Al A (BEEWY AP RS S HREET Y cHiEA4 HAST) 0 - #
BB RS R ELRD FIRY A A EAPER T R o BRI
R TIgE o 3 (outgroup) RIIE ¥ & HE MR b et 48| H (B, kazinoki

Sebold et Zucc.) o #75 e F Rk A DRGNP R IEH P 0 G (5 DNA B2

* o

2.2 DNA %2~ PCR #}3 2 2 &

2.2.1 DNA %3~
DNA 3% B~i¢ * :2 2 1 CTAB /% (Doyle and Doyle, 1987) » & 1345 Porebski % +
(1997 $HATL G § = = R B F e 3 > 3 SiBAY 4o~ if £ 1 PVP
(Polyphenolpyrollidine) 2 #% '% WA Y o F pEsE o DNA 554 Bde™ !
(1) ##8~ 0.1 s chig e i (9 [ dpdp @ * 1) o Se 2 iR 00 YU ak B S i
> 2ml B g oo
(2) *r » [B-mercaptocthanal 4 pl~RNase A 10 ul (%~ f# RNA)~> & PVP s} % 2 65
C 1 CTAB 800 pl «
Q) "BERTH R FeRPLRAEFEBRIDIRE -
(4) B3R 65 Cokip 1o RippE2 ko dprs § W IGER F g o
(5) # d-Rip T FR S A0S fro & B 3s F 4o » 800 ul 9 CIAA (Chloroform :
Isoamyl alcohol 24:1) -
(6) plZldhfred = 2 dh > REPNBIRENRP -
(7) B> 4512 13,5008 3~ 10 4 48 o
(8) HMe-dros f82 b ik e » AT 1S ml s g 0 4o 700 ul CIAA -

) £z k43 1 A4 &1 17,000g g & 4 10-15 4 4 -

12



(10) #-F Fi#% 2 AT30< F 2 15 4c > 1/10 B F /% 4 4# 5 Sodium Acetate 2 0.54

AR A 20 C £ 3 f8 (isopropenol) HIe4 DNA vk 73 & H s j2 5 o
(11) $=9534 3 2 15 % *+20°C k67K 75 2-10 /) P& o
(12) 12 17,000 g i & Ao 15 2 4 0 f5 0 1 it 300 TS%IFp i e im g o
(13) 12 17,000 g e B &g 1 4~ 45 0 # “fT‘_ R XL OS%IEE ik -
(14) £4F (13)> T2 R b H7° F 52 1-2 ] pF o
(15) #r » 10-30 pl = TE buffer w3 o
%" TE buffer 22 DNA> 22 ul :&{712 1% 3§ 75 (agarose) # &4 1712 DNA
8 & (marker) i V¥ Bt iR & DNA 2 k&R > w2 §ikdpo BE i {7 PCR
2/

222 R épw: 4 F & (Polymerase chain reaction, PCR)

AT Y & @ * S E intergenic spacer 1T i A 72 % o A B I PP E AT
(rtDNA) = #4x% B (~600kb) 12 % i+t 3 % 48 e ndhF-rpL32 (~1100kb) > i * e
51F (primer) 4 1977 o REFFE G F B> 200 pl Bpe 267 F BRAMA
20 ul > Jfes 5 2 ul #k %13 DNA (template DNA) » %451+ ITS4 ~ ITSS Primer
2 2ul 2 = =t-k (ddH20)4ul i&i7 F & » B & PCR #7F = & 4 MgCI2 ~ dNTPs ~
Taq polymerase % > B * 2x Taq DNA Polymerase Master Mix RED (Ampliqon) *

B oo 2t b o ITS 22 ndhF-rpl32 i & (T o A2 A W] iR PR3 Fo ihfR sV a8 (7340 4 2

223 HERT AL
#-1.5 g % F 9% 2 100 ml 1X TBE buffer 8 & 3 % » il Jh e #7312 0 &4

A2 f6f 4ex Sul e Healthy Dyee % » 2 2 3 B2 {8 1/ BT L 1.5%% A%
)J» o
L

BT AP 2o~ & IXTBEbuffer » £ #-2 % e v 4o » A 2 B

T BECT R 100 REFE (T 20 M4BT A A 4T o A2 (8 p T IAH B
13



SV e ek Sk PR AR k Sedp R st T B o

224 %R
Br 47 pl # 1 {5 PCR A 4% 0 4~ 1.5l eh 10pM 315 fggs 3 ¢ 0 L 4= =
Kt AT 10l > TTIET P AT R FaE AT A 3P
# %% (ABI3730,USA) &AMt A 274 % 34 12 7 (ABI 3730XL, USA) %
BoRBiERAFia T U RARA Y 2k 2 BA AL -

# F1H 3] (haplotype) > F 7 H B2 7 I dk AP0 € £ = T/ AL o

225 42 ITS31+ B4

dONHERTE Y AR A R T R R 0 - R 3SR PR
B2 L FITS A7)0 3 4 3 2% nFlit 0 & hA7 5 145 S oM ITS A 7 -
B A ITS &% 515 o B § i fedeT
HAHE M PCR A 47 40 » S%EFM A # 3L e > 10 S0V T B (74 1) preng
AT TARKISE T KL A A FERP REF iy TR PR EE
%7 T » 12 QIA quick Gel Extraction Kit (QIAGEN, Germany) i P& H 5 77 3L i& {7
Bt E e R ITE o 2Bk S F 0 1% Primer3 (Rozen and Skaletsky, 2000)

Frlegensl e B £R:8F PCRAEIRGZ L& s » MEBRLFail+ 2o

TR ¥
231 BrEme FHEEE >

TR 2t T ehF AL * SeqMan™ Pro (DNASTAR, USA) #-F — & & =3

B

Rl

» LE 0 IS 0 F T3 B enA 5 5 FASTA #6581 818 5 TR AT

s ¥ 5 abl #5359 T & > 3 {8 4 2 :xo 12 MEGAS (Tamura et al., 2011) B £«

14



23 FASTA B 7] » £ % MUSCLE #2;¢ (Edgar, 2004) & (71 $4 4] iv T aerd
(data matrix) » 538 B AL E 2 {8 5 = FASTA - NEXUS #2274 47 - &
ZrEilE Rltani= % (ambiguous site) 4o~ B ECedE ~ 2 ﬁ? (insertion and

deletion, indel) ~ #cfir % (microsatellite) 2 % 7 5 4 17~ gap Pl AJZ & missing data °

232 %ERGRE A7
# F1H 4] 5 k% (haplotype diversity, h) ~ ¥ & % #& 1% (nucleotide diversity,
) ¥4 * #48 DnaSP (Librado and Rozas, 2009) & {73+ 5 » k£ it &7 ¥ cif
BB R AFEA S HEML hehE N5
h=2n(1- ¥ x*)/(2n-1)
Xi 2% 1B AFR S o n P4k B H(Nei, 1987) - & 1k § it Behd

AL

T =nYxix; 7 ij/(N-1)
HY piPHoDNAEKE > 7 A% i 2% | AFEAFSAEFLE (Nei, 1987) °
W BoE AR S ) TR RS E R R LY 1 2 B B e @ 4p
Sl o GlAeR R el @A 1 4 He(Fy) o83 chh T2 iy e (N o
Fe 2R @ Ao it qplicy 2 &% RXGEHEF A @B L 1 (genetic
differentiation) =35 o #23% DNAsp #7i¢ * chFg
(Fs)=1-Hw/Hy
Hy 2 — | % ¥ ] 2 B RIF T L B H P A3 b EFNToL R
#c¥ (Hudson, Slatkin, and Maddison, 1992) - @ Nm & P| & -7 4& iz e3-% £ & %338
A EC 3% BT B RIER A F 2 nat ] (Slatkin, 1985)cNm £.d %2 N E
Fs=1/(1+2Nm)
FNMES 1> A7# FZERRFEFEL ATH5 | BRYIT LUp Bk

A FIE % (genetic drift) A 4 e @A i o g NmME |3t 1 &1 %BFRF 5
15



AT > mR e A L chif B i .

$t ¢k > 12 DnaSP 3+ & Tajima’s Dtest > MR EH A R L EF DX PN A
Fliggm 2 A # S #3817 1000 =x permutation ° Tajima’s D test i & i *
PHBREENRASF (r) e REFE 8 Dl (0) M T H kg
FI* 3 REOPHRCEEE S A AP HRAR TR F RSO ELE -
d 3Tt iRl e & 3K (null hypothesis) % & B[hR F|3ak p § 2R EH E &€
(constant effective population size) 7% » Z R 7R F " S e
(selective neutrality) o 4o % ¥R 5% (5 7)) & F T - 38 B3R o R g % ,T* € i
BMOIESm & BEX - BP0 NFRT > 4ok Tajima’sD B 5 f 0 &7 % G EH
5 5% & £ T =% /5 (balancing selection) » & 4 * £ enMHAF B A FIH A o A 4ok
Tajima’sD & 5 it > BgomiE3 il @R R < § 2 g4 » A7 %¥EY SHAF L
(bottleneck effect) 2 #_%_# i¥ /&~ (directional selection) ¢ #7)4 Tajima’s D test » # 14

kIS EREF L L E R o

233 FHEM G B R B2 R M L 47

F* L2 i3 K (statistical parsimony) #% 4 > TCS ver.1.21 (Clement, Posada,
and Crandall, 2000) #4027 I 2k 515 2 & oo | B 25 g W] o R 00 T2 4k )
shigdp o VAU T R AL B A T e LA FIH A o FR R o 42
A DAL F EHp T SRR R FEF AT FRRER R v
AFHEA S > Uz B ABITHRATIEA > A TCS 4255 48 2 e L 3| p) £35
P A= ‘f# ¥ el F1H 4] (Castelloe and Templeton, 1994; Clement, Posada,
and Crandall, 2000; Posada and Crandall, 2001) -

Ml gk Lk 2 47 (Nested Clade Phylogeographic Analysis, NCPA) * 12
PR REDRAF T 38 DL AR FIE A A ¢ oA FE ] A o

20 FRLAFIE O RIFTE L OREES T LR G DB ILE 0 3 ok AT hfE
16



B = w1 2 Fonested clade ¥ P #8 ¢clades (internal clades) ¢+ ® =4 (tip clades)

il
1@‘3‘

v E o L IF L LGB F 2 GEODIS ver.2.5 (Posada, Crandall, and
Templeton, 2000) > 13k B PR L EF W W F R/ EDHFTN > NPT 0T 2T R
GHBFOR R RRE U PRl Bk (o 538 clade distance (Do) £2
nested clade distance (D) * 7 f&#* — % clade p ¥+ Lo # cniF35 » 2 & B clade &2
PR R LT EERGE Bl EAY P AT F KFR I ATFE IOl
Fic 3 o £ fie & Temploton (2004) #% ¢4k 2 % (inference key) * 7 f2if B % 2
TR U IRRE RN R T - HARPIED EE T F L L F R o
FEod vt fudp A5 ] % ¥ e BIEYE > B0 BARRIER ver. 22 7 1 BT 7 I %
AT G En T BAPHREDREA LT H 8@ £ 8 - BARRIER | *
Delaunay triangulation (Manni, Guerard, and Heyer, 2004) /% &  #-7 [ B 8 i
Bt > 2 R R Brenke TR R A 4T 0 I RN T il B AR

TP fg o

17



5

w
e

31 B3| %R A7

AT ELL A s 2 KA A BT 123 B%EL S16 > DNA 4
IR A 571 65 ITS % 52 516 5 £ %48 ndhF-rpI32 % /& » 2 @ o »v 304 B4
TS 7 B HEd BRE F F £ F ¢ (National Center of Biotechnology
Information, NCBI) B~ ~ #%4 i 42 PCR % pri2 % $R 4 i 48 concerted evolution #
o FrRY - FEE S (B3

ITS # B3 & &5 596 bp(base pair, bp)» s+ 3 9 7 f& =2 (polymorphic sites)>
VOO A FIH (R 4) 4Br %G Hpy A FIEA 1 BAFP
WA G » 1 BEsasibt Al AF Ao %o v ok X Ews 4 2 BibY
IRAFIEA > I BREALF IR ITAEHN T BREAFT AT RE (£ 9)-

@ ndhF-rpl32 3 fL it & 5 1196bp » 5 41 B % f5 =8> ¥ 22 41 40 3 75 715 7]

(B1S)e3 N BALETL TP M T AFIEA > o 45¢ ML 48 2 FLY

WF 14 BATIE xS 1B EER 1 BRESEM 2 BAFEA(E 10) -

32 %#EHFEBPR LI
321ITSH* R @R R R &7
ATy PEORPERE RRE IS RS o8 P A~ Y BARE R L
2 h ARG ~Zs e s E AR K TEER AXg R ERER
A R PLE R SR AN ang A AL E AT A A E 16 B EE > ]t 42358 DnaSP
R AME L REL P REE R (nucleotide diversity, ) % AT E R
(hsplotype diversity, h)(% 3) » st R 2 R 7 & 5 0.00133 > A F & & h

B3 06130 5 EFDAFIRER A 03058788 B » @ AL B RR A

18



03000204 2 F o LI 2 A FEMEEFEY > AFHA S KPR OET R
h=0.58788 » # = € 3EEF (0.53030) & 54 (0.50772) -

TR ATl @A plic (Fo) AT (Ny) (£ 5) 12454
HEFNFe 2 N BEHT25F%AF % (PR A FEW  F L2y rmE
EVarEdH e f T H B R AVEER Ry B39530 0155 B i S @B EFRG50.18
Ho g R @R L (020) 224 (022 @ jlig W hFy B £5026 (R )
Brdi¥a b3 %% %3 f‘;vzﬂzifﬁ ¢ R and @A b (Wright, 1978) - 28/ =
B %At R H 8 B R IT s R R Fg F @ S (fE P R 21 4% 3 (0.79)
B Z R (0.55) Bom Hsa 0T 2 3 £ BESEIEHEHCSS (isolation by distance)

12 348 DnaSP 12 1000 =t permutation 3+ ¥ #7§ Hht#&2 & 3 3L % i Tajima’s
D E(% 3) %% & M Tajima’s D=-0.67> @ & & % 7 § L FWOL L7 b
2 %3 0 Tajima’s D B39 00 @ £ 42t P # 2 B EP>0.1) S % T &

ITS ¥ iz @Rl T E e > K74 B &9 (BRI R o

3.2.2 ndhF-rpl32 # £k @ B & 4 45
FI* 425° DnaSP 3+ & ndhF-rpl32 & £ @ @48 & 532 Py mu d R 2 A7
BBR (R4 BMOPHBSE R 1=0.00317 AFSEREZ 09200 7 %
HeAh FL R R A2 03] 0.86275 FF > @ 1 H kst & & B4 1 03] 0.00370 2. ¥ -
AL 2 A Em e %y > A7HA S M EFHIT AT h=0.86275 # =c & 5%
(0.81866)¥r Z = (0.79255) -
oA FE B A g ATl (£ 6)oF MR MR E
PASIMOBREY S ORX ) & SfalicE ™ a £ 0 4EEnkE RS
AU A HF N F N B5H T b3 %A T Reredd L 1wy
FOEFF FS B35 300150 &) B 5 SRR A EN 50220 H S FaAT A EN

SR A036) L EH BB F(038) BA kL Es hERATRRI NP R
19



g

ST o AL a f AT RORER AT M B A0 ] g A

AERAENT R RAFENROBTRERG BEFEREFERET - AR DR

F 2w o
W oA DnaSP M3 B 43 AR 0 & Ly 2% b Tajima’s D (% 4) 0 %
AT AW Tajimas D=-1.15> %47 R ¥ %0 - BAFE 7L LR

B4 B p %3 f A FEWMOA L7 P %S > Tajima’sD E355K4E 0 @
Rt 1 A BEE (P>0.1) B 7 N & 7 a4 LH % % B E A g A
AR TPEEREL o GACEHBRS AP R OEP  BEAL DL KR
A Fch Tajima’s D @8 F <2 0 (P<0.05) > &om HEAHeh® &7 a0 b x g

B FLEE 2 o

Bk TR AT
BLITS g M M T4
BEAR L I 2 < EEATR LG M Ol 0 BT AR < Mk B g

FPREHEGOMGT AP R 2 F L clade BE S F RIS R EEE pl o B
ITS ¥ gl 375 % R AR DA R S4E > ST2 B A2 0 2 a5 9 B A 7]
¥ 4)(ITS-A ~ ITS-B ~ ITS-C ~ ITS-D ~ ITS-E ~ ITS-F ~ ITS-G ~ ITS-H % ITS-I) (]
4) o B 23VEF Y 12 ITS-A ~ ITS-B &2 ITS-E e g A F - fls i o A o)
335-944c28 B EAER TP R~ el e T E A EMNER o HY ITS-A £42
#TCS “Tiagheig 23] > & A4 F FREM IR ANRFEL % RFE
LG AP REG P SRR ARG B RETAEN (RRME
§)5F A B B R (FREE T )T B AR EITS-A < ITS-B £ ITS-E + £4
TR FEACITS-BLE&8LAF AY Was ~ S8 P aLXieiad o a ITS-E

EHAFT AR L 23 BEFEEB R T ENRENEGREHEL (PR

20



) o teh > D A BAIBR AR AEN R ER AL B A
moo

KOEmeRL s ek Bl Y 2% % ¢ 7 3 B l-stepclade £2 1 1 2-step clade (% 7) e
(Nested Clade Analysis) ¥ ™2 % kAl k22 18 i= % 2 B enfd 5o A ITS # &7 >
AF R ke 12 0 Fp ko 1395 inference key R TR Ileng % o S A I 2
XN RERE S P cladel-20 ¢ 7Y R o BE A ENFRPHEE GORHET
iv RE ¥ ¥ 4% (contiguous range expansion) i 4% o @ A cladel-1 ,T&L{i}i
IR GHFFIEFEFPIER D G VPR F| T 3 IR A L 5k (Restricted
gene flow with isolation by distance) » @ f & [+ % 78 &3 ¢ P ¥ i B X T
(restricted dispersal by distance in non-sexual species) 1% % - cladel-3 75 % ~ #

R = L g3z ey @R nals o

3.3.2 & ndnF-rpl32 5 & -f AL 3 LM 1%

TCS #72& = 3R 3+ IR ek ] BB B4 R oK FIH A 5 A A#e *h i3k > 517
Bk AR th3E2 ch 4 5 40 T A FIE )(1-40) (B 5)e & 23853 ¢ 1 ep-1ep-3 »
cp-17 22 cp-25 FHEF e F » L P F 60745947 BRI AFIEA o 2 ¢
cp-3~cp-17 AT BHMEEFAF AL LT E XN DAFEL > 2 FFRILEER
AN LR AN S g BREATE IR o cp3 kALl B R p R L 0 R
PP RAEREPE L (B&s c BEF)TAEN RREPEL) A
cp-17 e 57 kp S S EPRBEE XN ENGER o ¥ cp-36 1T cp-37 ik E
PG A FIE A G OBk T RAE S P B E M AT A TE
A (cp-35) AIEkp p A8¢ B BELE N A ndhF-rpI32 7 £ > 75 37+ &
BT RAEEL AR KD P RGEE R A2 5 ) A% s i A - B clade >
PAE G EPRAENNBE c RITAENDERE LRI PR AT AR R

HEOBHELLSLOBPRATNEANZ F > L arEE RS fpgAEse o
21



i Nested Clade Analysis .5 % ¢ > £ 5 16  l-step clade ~ 7 1 2-step clade
21 3 1B 3-step clade (B] 6) » ‘5B P » ‘%7 cladel-2~1-6~1-8~1-12~ 1-15~ 1-16 »
2-1 g2 P o cladel-3~1-4~1-11 &= AR 2 BEF b > 25 1o B k&
#p B > 12 Templeton's inference key # % #717 enss % 40 % 8 & ndhF-rpl32 7 @ &
ITS & Bchig % 47 00 > B e A 7 AT B 3f & JRid 4 % 35 5% (contiguous
range expansion) > 7 cladel-14 ¥ & S A L0 ~ § = L frBr L el % EHF 5 &
BEdEir e (o iR 3 2 (long-distance colonisation possibly coupled with subsequent
fragmentation) # & FR#tF i {5 %3 JFH %k (past fragmentation followed by range
expansion.) @ T IR P @ ens kR o § ¢h s cladel-5 p PIARB] K I BRIT X EN R
Fe w27 " LA FI T 5 JEYA (L 20 (restricted gene flow with
isolation by distance) # #_s& [+ % 78 e F ¢ o P| ¥ fp A3 % P2 (restricted dispersal
by distance in non-sexual species) .5 % °

g b 47 o BEAR AT e TR ¥ ARIT o R AT A AN B R A EN B
kBT A APk o i84 # & DnaSP 47 & Band @A 1 g et A F] R T g deendicdy
A EM BT A R B T EEYRIT e i BEER I % o B LR A ITS BB
e B¢ e ITS-D &2 ITS-1 > 22 ndhF-rpl32 &k Bl # chcp-17 #7& 3 ek = i
BRAT % >~ 4% ITS-B £ ¢cp-36 ~cp-37 + F — el o Bm B22R < ~* A en

B EARIL A PR o L B G X ENCRER LG AP A e e

34 AR R

d %% ¢ ¥R 4278 BARRIER 1245 % 2 DNA FRAEWL &2 2 7 0% B 5
@m@ﬂ@7\%$’ﬂﬂ3%&%&6£?ﬁﬂﬁﬂm’ﬁfib&%ﬁﬁ&ﬁ
P AR e 80 enA # H03Y (pattern) o B L 0 B R ECK e A 4F hbarrier 230

RN A ES 0 AR AT 2 P ORILIE AT S A hest § R 2

22



B B ARE A B AL BT B AP R feh R @aF s 2t AR T W
%ok W EEIT > & BaE B IR O % o [TS chE 1 barrier #-% A 5 7
Lurd 5 A B % > @ ndhF-rpl32 5 &R £.58 7 ) barrier #-§ & % %3 £
EHH W B NZ A TEREEATBLIE > TR LT LA PEROBHERII R
% o 4 T B F L %M ndhF-rpl32 B Ak EM R A R o T
FEE T - R gt HITS &2 ndhF-rpl32 5 £» & B 7 53 F 5 08 S840

EHET NG R A -
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it

HERHPE TR o R E A S ES Y 32 AW S
Ko Iy~ B RAes TEF £ (Liao, 1996) » 2 a » § B Z M T s %
IIA G B3RS (Matthews, 1996; Florece and Colladilla, 2008; Kirch, 2010;
Seelenfreund et al., 2010a; Seelenfreund et al., 2011) » #712 s # & 2L > §F X AR
B35 5055 % -Matthews (1996) & Ht™ p AR RN K 7 R 2oy @
2 B n"i_’f].\ RIidg dhieAHEdEiP2LEFFK 900m I 1,200m i &
AAIR-F o AR AL (B2)em fyeds ik LM AR T A
F AL EE Aok B W DBEATRT L RBFaoEESs < X
U oe g b AR R A B tih 0 B SR B 45 3 POl F ez
-

41 & 17 1k%ﬂ%ﬁﬁ¢ “ﬁmﬂﬁ*ﬁ¢
A1 R G2 A FEP AR s endi iR

SHEe pES PR L ARNPAALT R RFEG L AL B B
Az o S R B ER Y S o Aok R AT e § 2 il

G ARG Y BRI A T E AT NP ER S e 0 2
WRGEE B §FE RGBS 4 B e

1995 TCS #7a = chiLig b T gk B 2 Br K T s s it 4
EMHE R SRS P RAE A RREEREFOM AP (B4 B 5 7
PiER R R R REOR BB L LR e nigd ITSEESHAYTE L o
NCPA e 4758 % (2 7~ 4 8) -3 B2 * K Tajima’sD o 2% ~ 7 B ~ 4% 3
SR (234 HE ITS & F S i B (2 5k Bl P 258 30 % ave 4] (cp-1 &2

ITS-A) » Bk v fpberde s 2ot A - & 5 S A%d ~ ¢ B> Robrdps
24



FEeEL el ~ A ENER LF oA BRI PR ASATIREA
R 2 ARL T ASHEY R e 2 3AEE CRL AT ~Za o AT
Yok B BV R B R R B SR ECERE S T UERPROT S
BE o @ 85 RERE o o P RS SBRT A T < A
s o m AT N D@L aE Y W 2 A ATY P Y AL P
#r (refugia) > AP WA T L~ ZF B3 RAN a2 7L Lz SFL e
ek BA - FRAAR G B - kP PFE & chd Pt er(Hwang et al.,
2003; Cheng, Hwang, and Lin, 2005; Wang et al., 2009; Kuo et al., 2010; Chou et al.,
2011) - % %?fﬁﬁﬁ%&#ﬁ i endy #F f d 4o 2 1 (Cinnamomum kanehirai) ~ %“%
# (Eurycorymbus cavaleriei) ’Kg U o ¢ W e a7 o Egfr(Wang et
al., 2009; Kuo et al., 2010) > #712 Tﬁﬁﬁﬁ,é‘ e T s RV R R Pl KR e
RiEA FRKRFORER o d ARl B IR 2 F P (PR DB e
BT G0 0 18 A INAFT A A E P A R & 17 ehdi 7% (Matthews,
1996; Zerega et al., 2005; Kirch, 2010; Seelenfreund et al., 2010a) - 42514 F 2% » 4
T T 2 A TR e B R  EMAR T AT E L R R A
B, whian bl e TE X ENM G Ta TR G U RER ) 9Ty

pHA -

412 o BipasEd G 5Hs 1
el BT AR U oo ﬁw.rz A b2 itadeifhos £ F LBy Bk (M
£ M i and F A4, 2011) 0 F 2 EF T EP Lo E & 2 (Blust, 1999;
Diamond, 2000) » #4725 % %+ i [ # Lk~ i AP AL & SHS R 2 — o
AT ST BB B ER o A > ALY A B AT Reir
SHLERERY S F P R o FIf % R A AR A

i -
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B ITS FEaE 2 il LR R BlP >4 LA]e Z3A kp SHDRR
(38.51%) > 2 ZITS 4L B #3025 o AR S H MG 32 )k Bl cni & reg ITS
PERNEEAAZ R ERSFOILS CITSEESHA T HEe¥ #4247 - R 3
XFET ARG CLFEIEFE > 20 kPR 7 = > (incomplete lineage sorting) 0 3.
ITS ¢ /@ i (concerted evolution) e8] > 4. d >t {ofd+ B 4 2 B =
A ASF Fe TR CEHE B LD - R oo dek T AR W e 0 R4S
B ARG H LRS- R RABWAFIE TRT - RASITS L - & g
ALY TAFRB PG o ¥ - S q oo BEARAE S J}*E"f FH AR =22 ITS
Fele i SRS B A B R Bk B 2 A BRI § BRI
SVEFEIDXPE o 2 ARV E TR ETE o AT RS B4 4 oL B AL
PF R PR F] o

d 3 SR AR A Se > 3F S T o B e A F] L L% (Yang et al., 1994;
Huang, Hwang, and Lin, 2002) ~ -k % (Liao and Hsiao, 1998; #¥ ¥ and % % %,
2006)eFE PR A7 A =6 0] %30 F] 5 AN FUR % (genetic drift) @ 2= 7 fe ik F1H 3] o
d ESMPERPRGEReRBlhkp SBRBALSF L TFIEAHE 2 E NCPA »
Wkp cBAFE BT A Ao B h P AT (R 8 clade 1-13) >
?5!3? PURZE L b endaip] o F) L o ¥ Y é:;gl_ﬁ%ﬁ;ﬁﬂ =l B rﬂ%ﬁmﬁ_—l 5 3%
Fre 2 £ DNA £ 5| Q4R B 8 a 44 ¥ R EA M CHLEE 845

@i % DNA R|¥ jd R GEHBH ~ 2 X0 LIRHs R F A 1 o

413 ¢ Rehtpasd QB4 47
LAGHEEFT Y 0 B ST R EORERS 8 P PR RS D

& 478 463 (Dupanloup, Schneider, and Excoffier, 2002; Manni, Guerard, and Heyer,
2004; Templeton, 2010) « £ H § 2L % 58 40 F 7253 » F]2 L 5 4~ > X Repp A

F"%‘] #{%'J&%E%iﬁj%‘ﬁ—;‘; o ¥ X \lgj‘g:’bk’ A “: 'Q%Fﬁ%}"} 4, ;L’_i gg. I’*ﬁ'«lﬁ'ﬁé
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IR o P BA R B KA SR 6OV IER Y WA R R AR
Fehl R RN § 0 A E P R LG - i3

HRFDRT] R A R BRI E T ER N e AR TS
HAts A7 eh% % (3872 and % 7 b, 2006; Liu, Shu, and Zhang, 2007) = & **
HHs miE T 4 8 Fd A FICA B R S A A AR ER R (R
B2 and %7 B ,2006; sEA L, ZiR#,and % F,2009) 1% = EFHE @, T H T

P AREOTER R L SR e PR AREHE P RIF AL 7 S AR

A
"

chd LR TR HESTE T TR » Tl A S A 1T R R OEE R
%)% o d 3t Hdicf? BARRIER ¥ 4] * Monmonier's algorithm 1§ | & 4p A8 % 3 FF R
B e BEEY > X S D BRI o ok R AP FB N GREY
%> 4% i BARRIER &4 e k A #H AR 5 7 (7607 R oA % 5% (F
T B8 > ABEAET Za 4 HBER d N Zak i3 @ 7y
B o @y UHA 4 P YRR EN LT A S A B @ a1
(Chenetal.,2008) > ¥ ¢ » FIZ XG5 P& e e TfofL > & BAFEedFg s

37 R A CRE R AR FRER A Ry o 20 BN

2

LT BT BT
e s ® B AR S S P @ ER > TR F R RS 47

iR

£ OBRBEHEET Fe B N RE gRmow vt i~ ik R e R
AP ER S0 B Y WEBGE RO FgEFHE - 1P EST o
ABEFEEA S - BEBRES I DN T R g EREEE ARSI S B
AW ERER AR S 10 B 0 1995 Hudson (1992) % ch Fg i 5 2 3 3 % 47 B
Fod A E L AF B E Ny, m SIS N FF P Fg e B o
AR BRET R AEHEFRRE G d 20 BHAPEFOBFL S > BEF - R

HPBHERE A2 R EERHET %L (Armason and Palsson, 1996; Yang et al.,
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2007)-Ap >+ H s A A g ool 5 & 2 enfE A (Ficus pumila L.)(Chen et al., 2008) -
4 1 ehd #£ (Betula alnoides Buch.-Ham. ex D. Don) (Zeng et al., 2003) » #7 &g 5 £
@A g e O R (254 6) ek A AT AR AR RBP4
4 BT A @R 4 T RS T

414 423 EAEHA GRS E L GRS

L g hd o 3500-4000 & > A% s ﬁ%ﬁ* VIRAFA F o oAkt EAA F o

E‘

O R 2 - (BREL, 1997) Ak e k@ s R BB £
Bedi B B oo 1995 ITS B el e Bl > B AR FR4T R 7 K0 P F IR L84
PREARS DR PR BHEL A2 BB YR EFL AR A EM PR AR
AR BRAPE RIZ R 2PEY 3 X G A EMERPEFRE DM R (B 5) XA
FRATR IR HE S Y BORGRREY 0 T ¢ AR IR A A TIE At
BAEMNE R R LRk iy > BT kR E 2 =2 ¢ g B AR
RE Bl 0 > AP SR Y R p o AR e B X E RO AP L
Pt A ARG B R EARY 0 F IR N AW EN, 16 RAE AT

FeiE B LA B o AR TR AR B A g AR

AL BFFR FEFINCA G LA R A R SRR LR
FHF - EFGICRAF o A AR R FE o kA HiC

Fendmtd frd - R (MA £,2007) 4502 P LR FRF TR T LB
Bttt £ @AM AARe AT RG] o oY B kA A F BT RN

TV AL EnE R F)S o d 07 L G RE DAk TRE A E DTS F R
BT g & A AR N AL @ FR S EHY 4 Matthews (1996) 4= &
A R R 2 AR S PRI R R R R LR A A
A F 2 itang A ENE Y A% HE U T8 fE.¢0 it F](Seelenfreund et al., 2010a;

Seelenfreund et al., 2011)
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42 Gl THEAEMEMEFE D S RS
421 3F + EHERPEHE AR

Ry P-B wavhit s § 3P AZRE DB 58 AT EMT T 91,000 E -
2_ 18 4 ik = EMPEEC (Diamond, 2000) o 4o % v {8 AT & M OEFE AR 0 R
FLRL A AR 4 B o LM R BT AT A M B & P AR
L~2% (ITS) ERA AL ~2 % ~ ZEF ~4%s (ndhF-rpl32) B4k - B L (A7
1) HAENEHT R RSP e XG0 A 3 0B BRE NGRS
AP s L RIRT B R g 1 AT A N i bR R LT R e
(Whistler and Elevitch, 2006)> @ ¥ AT 5 fiT + E gk £ 8b3 25 p W ivptd #
R E A AR R BT ATS FEALY 08 3 A e e iM%
Foo ATIUT A EMT NG T A AR PR Y 2L o ek g
EER AR o LT R RINA T A N T 6 TR 4 S B
Bk oo M BB T AR BT N E M HERTE R A EEANOR (T RF & MR

Eolli] ‘;’ﬁB’*’f,{I} B - -H} ﬁ‘%—g;& R

422 3T+ EME TR ELE § HaPEFE N G
b BlABES 4 FUBERFIFRIETRAM %mﬂ}#ﬁj—*g%;:’ggfﬁk o
—HL (RAFPEA) I RFREL EE G ARG e f RS F R T
TR CRHSKRS e s b2 R o T MR T AL AP N
EEAPARE AL 2 BEF RS IH o EHATAREE L G
PLFE ) 82 304 3 % S i B E R RAR B 20§ R PLE G AR kP ¢ R AR
B SRR - IR AT 3 LT AR A RA A LT

CAUES U }EL#P ﬂﬁ#*ﬁ g2 §oh % fd (Sheil, 1994; Newton-Fisher, 2003;
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Bosu and Apetorgbor, 2010) » F]pt & ;= £ “f N A LA Y A S SRR
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B o (7 30T B G R L A R LT R B R IV L

kp - RS o

4.2.3 BT~ E AR E M G
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BE ek RIAE 73T A S BAEA Bk p ITS-A & ITS-E- @ %88 ¥ B¢ 14 1
BRI A cp-3 e H P R B ITS-A chip 87 00 E 45 Fig < i e 7 H 3

(ITS-B ~ ITS-D) » # i iF + B chip AR ik % i § 2 424 15 o Tt o pe g8
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BB BE T L R AP -

424 A EN AR
BTk < R A B - oA BB IR A EN R R B

AR M Tl SR D en i Al A B ch(Seelenfreund et al., 2011) - 7 i
AR AR FI o AMA B ANk R LB A ITS BB S Bk BIAE

FABEAE R L & BWE LT RRHE O Grpy A Fek o gL ESH
NCPA % 17 clade 2-2 ¥ clade 2-7 328 7+ > f#ﬁ#&%‘%ﬁ") BRI E
7' (Long-distance colonisation) » i7" % & & & 3#F %Eehffdc > w o ot > %W
network * 2 ¥ ¥ ] c¢p-36 ~ cp-37 £2 ITS network =1 ITS-B #ig * 4 i 48 2 =
Al xipk o ¥ ‘%’KIE ERA o BRep36 8 cp37 X RFimEER KA LI en
4 > 2 AITS-B* » “f TR FEMNBEHY S EF A LTHSHT 2R AR
ENRT ARG B AR - BHEEL B AL EHERGHI L END
Fd o gt b > op-17 2 ITS-D~ITS-I ch* e &4 2o 4pin > 2 51 % & %ok
BREFHEEB LR LB R(ESMII G HA) BBRAITS-DNITSI P 23 iz
AL BR > Rl epl7¢ 57 kp SN & B (15%) 2 F L o0k 5] i

FOCEHE  EBREHETI G A A A EMN ST B - TR

PPRAR PR LR TR 0 TR FBAEN AR AF RS
HPERZR: B AT - BT P mpihkp o8 SELeLs

P(EPR)EE RIEIIE R EN > A 2 S E PR AG TR AN FA R E R

{’fﬁﬁf@ NREMA R T o o BIFT GO 0 A ;‘3’-;—’1-'1}#
BHerAziR it 2 5 R R < F B RO E B 1 o dok L Fe 2 N B kL%
Fole R ER OB o O AR EY 5B B R G NIRRT AR S R
APLE R ENORRER DM B E A {5 RT o RRE ARy B A e

fbedp @ BT g A A~ § = % % F{E4 B (D. Lorence, National Tropical
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Botanical Garden, Hawaii, pers. comm. June 2009) » &% #4858 @ » § & & & =012 b
P AR L S I

#Jﬁ ) %rt Toep-17 ¢ e S B BRIER SRR & 5 e~ BALZ
SR V- BE S SHBEEAENBHAEEL ITS-BY » S#0BY %5 3
% (B 2 cladel ~ ®] 1 clade C» [l 4~ Bl 5) &4 # 7 4p 1 > 1935 £ #4804 D-loop
m&J%@%ﬁ%@%ﬁAﬁﬁ&%’;%ﬁw%é‘é%ﬁﬁ%%éﬁiﬁﬁﬁ
TR B RE L arEEE 3 d 3357 hR %972 & haplogroup @ F LT X

4 ¢ BoBRE£e H ¢ (Trejautetal,, 2005) « @ 7 £ %88 cp-17 ¢ “r ¢ 5 ch 2 b

BB AA* 1§ £l b Eimp R 15 -

425 BER B R AR KOR
b n % T @ av o ep-17 82 ITS-D ~ITS-1 A 515 4| £ 4534 3 § Z % 455%
Py E RN TG R EAHEI BAFE AN LR FH% o MY R
AR GBS Y T R ep-17 € 70 A R BPR RR S AR G
RPEH AT G LH BT SR JUR D L RE S R B F 0 A
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A R G BT F el 2 B8 SRREE ET T SRR
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1295 Bellwood(1988)#74% dl enipiii v m § ~ 1“ p S ARz (40§ A4ad 382
Boohsfe AR B AL RS L ARY C EETPHASA LY B
CEEEAOR LB R S N E RS F 0 @ 2 A NCPA A 77 0 EE
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o %A o Ra § BHP rdy DM A 1935 B4k e 2t F
(Baguinon, Quimado, and Francisco, 2005) » #7171 &2 H s b+ % % ¢ > z*‘éf.*_’gf’ m*}ﬁ;}ﬂ"i
AT R A S5 EhR % > gy £ Matthews $130 AT 2R F 3 % gk it
(Matthews, 1996) o & > @3k cnfdif > 1345 5% M Kk B (B4~ B 5 & i o
RS B B ITS MG M Gk WY A FIH 1) ITS-E - 4 h30a =

R B R R B G R RO G
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KAATG R T R ApE Y B A o Y e ) BHGRE A R

5
AT EAPEEREE BREF 0 bl b B REEP R BRI RS T B K EMNE
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5

o YUV NP R R g S R e A 2 R RS BT R AN e
SRR TR R R FY o TR B S EMEA S R L o
Sl e THRAFNEFOEBIRPEUT Ry T B A0 o gt
WA ks M hTajima’s D EA F <30 00 Bon § SHFERFR (& 4) @
BB SRR % B4y M (Salamini et al., 2002) o Hffi § 2l e L& < EN A
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RRPLTEBHHOT R R R E-HHAEAHEE 0 F IR DS T R
doictirk  (Microsatellite)~ # +% 3 A& % 3] 14( Single Nucleotide Polymorphism*SNP )
KB AN 7 B %E N B4 247 & (Liu and Cordes, 2004; Schlotterer, 2004) > 12 %
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MGrERELkBE R kg TUFRAY - BRA N FENOAFEY AL MR
gﬁﬁ‘?ﬁWﬁod%Wﬁziﬁﬁm B2 LR BT R R S AN A

A LT RN A DR EN e LB L e AR E N 0 2 R R
P Y 2 B irdaipenfe £ %% ¢t B4 (Trejaut et al., 2005; Fh &4, A i,
and ¥ A4, 2011) BEor S8 E s L E %R b pE £ R gy o4 PRI R
# 4 e & Z5 o @ Diamond (2000)2 Moodley & 4 (2009) #7# 3| % = = £ &
BY O BARTIRAT AR SR R B RT] X R T RAT A S
g A AR o R EIRA BT ARG ERF DR AL AN
BHod m 2T SRR R N e oo e G R GE E ML e gk
@ﬁﬁ;&ﬁ?JJEW?ﬁ FH BT R AR RS AT o d SRR A § e
La Lah g Brl seiRe rbr L BT @4y Meb2 — o (e g2 ;ggl 3

Fl B e R AR S R BT RET SLE S R
35



EI VT TR S R R R L R S R S Y

e s TRNA il s Y $0 4§ 2 AR B3 kit o

36



2k 2
5 g

¥

L BE7 R e T HAPEER AT AR Y M BT 2 B
o BRI R BIET S F A TS BT R RS F RS LR

G RSP

2 AL¥FHRPAEMEIPEOEGLRE > P L RARA A RAFEYIPN A < AN
PRRAFLOERTS F AL B TR
FAEME RHEAOR BRI G A T B - SRR R

e S L

W
-

Lo ¥ - BB F A @m’ﬁﬁﬁﬂfﬁﬁ%mik

W

®RARM -

4. ARG PERTRE AR E R R DR S A AR R R G AR DR L
PR MR RTER o

5. BRER CFAEM S FAEFEL DROEMEZLTAF ER AN
M2 KRR A A AL & o

6. A @IE < Rt B PP S Wihe b F RIEER AP T SR 0 e A8 gt

B2 ahed s Tao@Fe g Ezwany  RIL{ HEKA AT

37



6 3‘*»%‘,”'57};)&

PR, kR %.2006. ST EEAZ BBk kier MR L8 8
AP FRTERERT RFTL L 20: 165-174.

32, 30 b .2006. HEAFeof R4 B HREF BT 4142,

%1 E.2012. AL T A AT AL B 190 62-66.

AL, FBw, B3.2009. HATORAL IR EEER. RE REFE 40
217-220.

Mg . 2007, fikts Agtk kg krz2 22F g AL, P @ F, o7

M &, FAR.2007. fikta Adtk k2 2 2F . HREF T T 34:15-26.

Mipt. 1998, = & F %4 h B Hic 7 ri 8 a0k JE. A 58 < it 32:55-69.

MM, FiAx 0, 3F AL 2010, ARy A EERE 2B BET Y e b FEHITD
‘E}%M&i’#‘fﬁ‘%. A Bad & FLE L 120 41-49.

BEL 1997, v RABMA T LFRZI B I BZRNE. Lav it 114

ARBOGAST, B. S., and G. J. KENAGY. 2001. Comparative phylogeography as an
integrative approach to historical biogeography. Journal of Biogeography 28:
819-825.

ARNASON, E., and S. PALSSON. 1996. Mitochondrial cytochrome b DNA sequence
variation of Atlantic cod Gadus morhua, from Norway. Molecular Ecology 5:
715-724.

AUSTIN, C. C. 1999. Lizards took express train to Polynesia. Nature 397: 113-114.

Baguinon, N. T., M. O. Quimado, and G. J. Francisco. 2005. Country report on forest

invasive species in the Philippines. In P. McKenzie, C. Brown, S. Jianghua, and W.
Jian [eds.], The unwelcome guests: Proceedings of the Asia-Pacific Forest Invasive

Species Conference. 108-113. Food and Agriculture Organization of the United

38



Nations: Regional Office for Asia and the Pacific, Bangkok.

BELLWOOD, P., J. J. FOX, and D. TRYON. 1995. The Austronesians in history: Common
origins and diverse transformations. In P. Bellwood, J. J. Fox, and D. Tryon
[eds.], The Austronesians: historical and comparative perspectives, 1-16.
Australian National University Press, Canberra.

BELLWOOD, P. S. 1978. Man's conquest of the Pacific: the prehistory of Southeast Asia
and Oceania. Collins, Auckland.

BLUST, R. 1988. The Austronesian homeland: a linguistic perspective. University of
Hawaii Press, Honolulu.

BLUST, R. 1996. Austronesian culture history: the window of language. Transactions of
the American Philosophical Society 86: 28-35.

BLusT, R. 1999. Subgrouping, circularity and extinction: some issues in Austronesian
comparative linguistics. Symposium Series of the Institute of Linguistics Academica
Snica 1: 31-94.

Bosu, P. P., and M. M. APETORGBOR. 2010. Bronssonetia papyrifera in Ghana. Its
invasiveness, Impact and control attempts. Food and Agriculture Organization of
the United Nations, Ghana.

CAMERON, J. 2006. The archaeological evidence for bark-cloth in Southeast Asia. In M.
C. Howard [ed.], The archaeological evidence for bark-cloth in Southeast Asia.,
65-74. White Lotus, Bangkok.

CAMERON, J. 2008. Trans-oceanic transfer of bark-cloth technology from South
ChinajVSoutheast Asia to Mesoamerica? In S. O'Connor, G. Clark, and F. Leach
[eds.], Islands of inquiry: Colonization, Seafairing and the Arceaeology of
Martine Landscape 203-210. ANU E Press, Canberra.

CASTELLOE, J., and A. R. TEMPLETON. 1994. Root probabilities for intraspecific gene
39



trees under neutral coalescent theory. Molecular Phylogenetics and Evolution 3:
102-113.

CAVALLI-SFORZA, L. L., P. MENOZZI, and A. P1AZZA. 1994. The History and Geography
of Human Genes. Princeton University Prress, New Jersey.

CHEN, Y., M. M. SHI, B. A1, J. M. GU, and X. Y. CHEN. 2008. Genetic variation in island
and mainland populations of Ficus pumila (Moraceae) in eastern Zhejiang of
China. Symbiosis 45: 37-44.

CHENG, Y., S. HWANG, and T. LIN. 2005. Potential refugia in Taiwan revealed by the
phylogeographical study of Castanopsis carlesii Hayata (Fagaceae). Molecular
Ecology 14: 2075-2085.

CHou, Y. W., P. I. THOMAS, X. J. GE, B. A. LEPAGE, and C. N. WANG. 2011. Refugia
and phylogeography of Taiwania in East Asia. Journal of Biogeography 38:
1992-2005.

CLEMENT, C. R. 1999. 1492 and the loss of Amazonian crop genetic resources. I. The
relation between domestication and human population decline. Economic Botany
53: 188-202.

CLEMENT, M., D. POSADA, and K. A. CRANDALL. 2000. TCS: a computer program to
estimate gene genealogies. Molecular Ecology 9: 1657-1659.

DIAMOND, J. M. 1988. Express train to Polynesia. Nature 336: 307-308.

DIAMOND, J. M. 1998. Guns, Germs and Steel: A short history of everybody for the last
13,000 years. Vintage, London.

DIAMOND, J. M. 2000. Taiwan's gift to the world. Nature 403: 709-710.

DOYLE, J., and J. DOYLE. 1987. A rapid DNA isolation procedure for small quantities of
fresh leaf tissue. Phytochemical Bulletin 19: 11-15.

DUPANLOUP, 1., S. SCHNEIDER, and L. EXCOFFIER. 2002. A simulated annealing
40



approach to define the genetic structure of populations. Molecular Ecology 11:
2571-2581.

EDGAR, R. C. 2004. MUSCLE: multiple sequence alignment with high accuracy and
high throughput. Nucleic Acids Research 32: 1792.

EYRE-WALKER, A., R. L. GAUT, H. HILTON, D. L. FELDMAN, and B. S. GAUT. 1998.
Investigation of the bottleneck leading to the domestication of maize.
Proceedings of the National Academy of Sciences of the United Sates of
America 95: 4441-4446.

FLINT, J., A. V. S. HILL, D. K. BOWDEN, S. J. OPPENHEIMER, P. R. SILL, S. W.
SERJEANTSON, J. BANAKOIRI, et al. 1986. High-frequencies of alpha-thalassemia
are the result of natural-selection by malaria. Nature 321: 744-750.

FLORECE, L., and J. COLLADILLA. 2008. Spatial distribution and dominance of paper
mulberry (Broussonetia papyrifera) in the vicinities of Mt. Makiling, Philippines.
Journal of Environmental Science and Management 9: 55-59.

GIBBONS, A. 2001. The peopling of the Pacific. Science 291: 1735-1737.

GREEN, R. C. 1991. Near and remote Oceania: disestablishing "Melanesia" culture
history. Polynesian Society, Auckland.

HOWARD, M. C. 2006. Bark-cloth in South East Asia. White Lotus Co, Bangkok.

HUANG, S. S. F., S. Y. HWANG, and T. P. LIN. 2002. Spatial pattern of chloroplast DNA
variation of Cyclobalanopsis glauca in Taiwan and east Asia. Molecular Ecology
11: 2349-2358.

HUDSON, R. R., M. SLATKIN, and W. P. MADDISON. 1992. Estimation of levels of gene
flow from DNA-sequence data. Genetics 132: 583-589.

HURLES, M. E., E. MATISOO-SMITH, R. D. GRAY, and D. PENNY. 2003. Untangling

Oceanic settlement: the edge of the knowable. Trendsin Ecology & Evolution 18:
41



531-540.

HWANG, S., T. LIN, C. MA, and C. LIN. 2003. Postglacial population growth of
Cunninghamia konishii (Cupressaceae) inferred from phylogeographical and
mismatch analysis of chloroplast DNA variation. Molecular Ecology 12:
2689-2695.

KAYSER, M. 2010. The Human Genetic History of Oceania: Near and Remote Views of
Dispersal. Current Biology 20: 194-201.

KAYSER, M., Y. CHOI, M. VAN OVEN, S. MONA, S. BRAUER, R. J. TRENT, D. SUARKIA, et
al. 2008. The impact of the Austronesian expansion: Evidence from mtDNA and
Y chromosome diversity in the Admiralty Islands of Melanesia. Molecular
Biology and Evolution 25: 1362-1374.

KircH, P. 2010. Peopling of the Pacific: a holistic anthropological perspective. Annual
Review of Anthropology 39: 18.

KIRCH, P. V. 2002. On the Road of the Winds: an Archaeological History of the Pacific
Islands before European Contact. University of California Press, Berkeley.

Kuo, D., C. LIN, K. HO, Y. CHENG, S. HWANG, and T. LIN. 2010. Two genetic
divergence centers revealed by chloroplastic DNA variation in populations of
Cinnamomum kanehirae Hay. Conservation Genetics 11: 803-812.

LAJBNER, Z., O. LINHART, and P. KOTLIK. 2011. Human-aided dispersal has altered but
not erased the phylogeography of the tench. Evolutionary Applications 4:
545-561.

LARSON, G., T. CuccHI, M. FuliTA, E. MATISOO-SMITH, J. ROBINS, A. ANDERSON, B.
ROLETT, et al. 2007. Phylogeny and ancient DNA of Sus provides insights into
neolithic expansion in island southeast Asia and Oceania. Proceedings of the

National Academy of Sciences of the United States of America 104: 4834-4839.
42



LEE, T., J. B. BURCH, T. COOTE, B. FONTAINE, O. GARGOMINY, P. PEARCE-KELLY, and D.
O. FOIGHIL. 2007. Prehistoric inter-archipelago trading of Polynesian tree snails
leaves a conservation legacy. Proceedings of the Royal Society B-Biological
Sciences 274: 2907-2914.

L1AO, J.-C. 1996. Flora of Taiwan Vol.2, Flora of Taiwan, 140-143. Editorial Committee
of the Flora of Taiwan, Taipei.

Liao, L. C., and J. Y. HS1A0. 1998. Relationship between population genetic structure
and riparian habitat as revealed by RAPD analysis of the rheophyte Acorus
gramineus Soland. (Araceae) in Taiwan. Molecular Ecology 7: 1275-128]1.

LIBRADO, P., and J. RozAsS. 2009. DnaSP v5: a software for comprehensive analysis of
DNA polymorphism data. Bioinformatics 25: 1451-1452.

Liu, G., H. SHU, and J. ZHANG. 2007. Niche of Broussonetia papyrifera population and
main associated species naturally revegetabled in mine spoil Nanjing Mufu
mountains. Research of Soil and Water Conservation 4: 184-185.

Liu, Z.J., and J. F. CORDES. 2004. DNA marker technologies and their applications in
aquaculture genetics. Aquaculture 238: 1-37.

LoNDO, J. P., Y. C. CHIANG, K. H. HUNG, T. Y. CHIANG, and B. A. SCHAAL. 2006.
Phylogeography of Asian wild rice, Oryza rufipogon, reveals multiple
independent domestications of cultivated rice, Oryza sativa. Proceedings of the
National Academy of Sciences of the United States of America 103: 9578-9583.

LuMm, J. K., and R. L. CANN. 2000. mtDNA lineage analyses: origins and migrations of
Micronesians and Polynesians. American Journal of Physical Anthropology 113:
151-168.

MANNI, F., E. GUERARD, and E. HEYER. 2004. Geographic patterns of (genetic,

morphologic, linguistic) variation: How barriers can be detected by using
43



Monmonier's algorithm. Human Biology 76: 173-190.

MATISOO-SMITH, E. 1994. The human colonisation of Polynesia. A novel approach:
genetic analyses of the Polynesian rat (Rattus exulans). Journal of the
Polynesian Society 103: 75-87.

MATISOO-SMITH, E. 2007. The peopling of Oceania. Cambridge University Press, New
York.

MATISOO-SMITH, E. 2009. The commensal model for human settlement of the Pacific 10
years on-what can we say and where to now? The Journal of Island and Coastal
Archaeology 4: 151-163.

MATISOO-SMITH, E., and J. H. ROBINS. 2004. Origins and dispersals of Pacific peoples:
Evidence from mtDNA phylogenies of the Pacific rat. Proceedings of the
National Academy of Sciences of the United States of America 101: 9167-9172.

MATISOO-SMITH, E., and J. ROBINS. 2009. Mitochondrial DNA evidence for the spread
of Pacific rats through Oceania. Biological Invasions 11: 1521-1527.

MATISOO-SMITH, E., R. M. ROBERTS, G. J. IRWIN, J. S. ALLEN, D. PENNY, and D. M.
LAMBERT. 1998. Patterns of prehistoric human mobility in Polynesia indicated
by mtDNA from the Pacific rat. Proceedings of the National Academy of
Sciences of the United States of America 95: 15145-15150.

MATTHEWS, P. J. 1996. Ethnobotany, and the origins of Broussonetia papyrifera in
Polynesia: an essay on tapa prehistory. InD. J. M., G. J. Irwin, B. F. Leach, A.
Pawley, and D. Brown [eds.], Oceanic culture history. Essays in honour of Roger
Green, 117-132, New Zealand Journal of Archaeology Special Publication,
Dunedin.

MAXWELL, R. J. 2003. Textiles of Southeast Asia: tradition, trade and

transformation.Oxford University Press, Australia.
44



MOODLEY, Y., B. LINZ, Y. YAMAOKA, H. M. WINDSOR, S. BREUREC, J. Y. WU, A.
MAADY, et al. 2009. The peopling of the Pacific from a bacterial perspective.
Science 323: 527-530.

NEI, M. 1987. Molecular evolutionary genetics. Columbia Univversity Prress, New
York.

NEICH, R., and M. PENDERGRAST. 1997. Pacific tapa. University of Hawaii Press,
Honolulu.

NEWTON-FISHER, N. E. 2003. The home range of the Sonso community of chimpanzees
from the Budongo Forest, Uganda. African Journal of Ecology 41: 150-156.

OPPENHEIMER, S., and M. RICHARDS. 2002. Fast trains, slow boats, and the ancestry of
the Polynesian islanders. Science Progress 84: 157-181.

OPPENHEIMER, S. J., and M. RICHARDS. 2001. Polynesian origins. Slow boat to
Melanesia? Nature 410: 166-167.

PAWLEY, A., and M. RoSS. 1993. Austronesian historical linguistics and culture history.
Annual Review of Anthropology 22: 425-459.

POREBSKI, S., L. G. BAILEY, and B. R. BAUM. 1997. Modification of a CTAB DNA
extraction protocol for plants containing high polysaccharide and polyphenol
components. Plant Molecular Biology Reporter 15: 8-15.

PosADA, D., and K. A. CRANDALL. 2001. Intraspecific gene genealogies: trees grafting
into networks. Trends in Ecology & Evolution 16: 37-45.

PosADA, D., K. A. CRANDALL, and A. R. TEMPLETON. 2000. GeoDis: a program for the
cladistic nested analysis of the geographical distribution of genetic haplotypes.
Molecular Ecology 9: 487-488.

PREBBLE, M. 2008. No fruit on that beautiful shore: What plants were introduced to the

subtropical Polynesian islands prior to European contact? In S. O. Connor, G.
45



Clark, and F. Leach [eds.], Islands of Inquiry: Colonization, Seafairing and the
Archaeology of Maritine Landscapes. ANU E Press, The Australian National
University, Camberra.

RozeN, S.and H. SKALETSKY. 2000. Primer3 on the WWW for general users and for

biologist programmers. Bioinformatics Methods and Protocols 132: 365-386.

SALAMINL F., H. OzKAN, A. BRANDOLINI, R. SCHAFER-PREGL, and W. MARTIN. 2002.
Genetics and geography of wild cereal domestication in the Near East. Nature
Reviews Genetics 3: 429-441.

SCHLOTTERER, C. 2004. The evolution of molecular markers - just a matter of fashion?
Nature Reviews Genetics 5: 63-69.

SEELENFREUND, D., R. PINA, K. Y. HO, S. LOBOS, X. MONCADA, and A. SEELENFREUND.
2011. Molecular analysis of Broussonetia papyrifera (L.) Vent. (Magnoliophyta:
Urticales) from the Pacific, based on ribosomal sequences of nuclear DNA. New
Zealand Journal of Botany 49: 413-420.

SEELENFREUND, D., A. CLARKE, N. OYANEDEL, R. PINA, S. LOBOS, E. MATISOO-SMITH,
and A. SEELENFREUND. 2010. Paper mulberry (Broussonetia papyrifera) as a
commensal model for human mobility in Oceania: anthropological, botanical
and genetic considerations. New Zealand Journal of Botany 48: 231-247.

SHAW, J., E. B. LICKEY, E. E. SCHILLING, and R. L. SMALL. 2007. Comparison of whole
chloroplast genome sequences to choose noncoding regions for phylogenetic
studies in angiosperms: The tortoise and the hare I11. American Journal of
Botany 94: 275-288.

SHEIL, D. 1994. Naturalized and invasive plant species in the evergreen forests of the
East Usambara Mountains, Tanzania. African Journal of Ecology 32: 66-71.

SLATKIN, M. 1985. Gene flow in natural populations. Annual review of ecology and
46



systematics 16: 393-430.

TAMURA, K., D. PETERSON, N. PETERSON, G. STECHER, M. NEI, and S. KUMAR. 2011.
MEGAS: Molecular Evolutionary Genetics Analysis Using Maximum
Likelihood, Evolutionary Distance, and Maximum Parsimony Methods.
Molecular Biology and Evolution 28: 2731-2739.

TEMPLETON, A. R. 2004. Statistical phylogeography: methods of evaluating and
minimizing inference errors. Molecular Ecology 13: 789-809.

TEMPLETON, A. R. 2010. Coherent and incoherent inference in phylogeography and
human evolution. Proceedings of the National Academy of Sciences 107: 6376.

TREJAUT, J. A., T. KivisIiLD, J. H. Loo, C. L. LEg, C. L. HE, C. J. HSU, Z. Y. LEE, et al.
2005. Traces of archaic mitochondrial lineages persist in austronesian-speaking
Formosan populations. PLoS Biology 3: 1838-1838.

TrYON, D. 1995. Proto-Austronesian and the major Austronesian subgroups. In P.
Bellwood, J. J. Fox, and D. Tryon [eds.], The Austronesians: historical and
comparative perspectives, 17-38. Australian National University, Canberra.

WANG, J., P. GAO, M. KANG, A. LOWE, and H. HUANG. 2009. Refugia within refugia:
the case study of a canopy tree (Eurycorymbus cavaleriei) in subtropical China.
Journal of Biogeography 36: 2156-2164.

WHISTLER, W. A., and C. R. ELEVITCH. 2006. Broussonetia papyrifera (paper mulberry),
ver. 2.1. In C. R. Elevitch [ed.], Species Profiles for Pacific Island Agroforestry.
Permanent Agriculture Resources (PAR), Holualoa.

WRIGHT, S. 1978. Evolution and Genetics of Population. University of Chicago press,
Chicago.

YANG, M. C., C. A. CHEN, H. L. HSIEH, and C. P. CHEN. 2007. Population subdivision of

the tri-spine horseshoe crab, Tachypleus tridentatus, in Taiwan Strait. Zoological
47



Science 24: 219-224.

YANG, Y.J.,Y. S. LN, J. L. WU, and C. F. HUL. 1994. Variation in mitochondrial-DNA
and population-structure of the Taipei treefrog Rhacophorus taipeianus in
Taiwan. Molecular Ecology 3: 219-228.

ZENG,J., Y. P. Zou, J. Y. BAL and H. S. ZHENG. 2003. RAPD analysis of genetic
variation in natural populations of Betula alnoides from Guangxi, China.
Euphytica 134: 33-41.

ZEREGA, N. J. C., W. L. CLEMENT, S. L. DATWYLER, and G. D. WEIBLEN. 2005.
Biogeography and divergence times in the mulberry family (Moraceae).
Molecular Phylogenetics and Evolution 37: 402-416.

ZHENG, H. C., B. K. HUANG., L. P. QIN, and Q. Y. ZHANG. 2002. Biological character
and resources distribution of Broussonetia. Chinese Wild Plant Resources 6: 3.

ZHou, Z, and M. G. GILBERT. 2003. Moraceae. InZ. Y. Wu, P. H. Raven, and D. Y.

Hong [eds.], Flora of China, Vol. 5. Science Press and Missouri Botanical Garden

Press, Beijing and St. Louis.

48



# 1~PCR 33 4%

B3 e 313 503 B 7 %R
ITS ITS4 5’GCTTA AACTC AGCGG GTACG ¥’
ITS5B 5’TCGCG AGAAG TCCACTGAA ¥
ndhF-rpl32 pl32-R 5’CCAATATCCCTTYYTTTTCCAA 3° (Shaw et al., 2007)
ndhF 5’GAAAGGTATKATCCAYGMATATT 3°

% 2~PCRE A& %4

AR ho ER(C) BE( M)
ITS Denature 94 5
Denature 94 1
Anneal 60 1 35X
Rair 72 1
Rair 72 7
ndhF-rpl32 Denature 80 5
Denature 94 1
Anneal 50 1 30X
Ramp 0.3°C/#ywr= 1 65°C
Rair 65 4

Rair 65 5
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2 3~ AL E REFERME (N) ~ITS * K Hps & & (nucleotide diversity: 7) ~ A FJ & &

87 44 B (Tajima’s D test)

(haplotype diversity: f)r4 % *2 %

WIEE BN PR ER(T) AT R R (A Tajima’s D
o 197 0.00062 0.35573 -0.32173
Y 234 0.0008 0.42348 -0.6489

AmiE 14 0.00027 0.15385 -1.14915
B & 123 0.00061 0.34684 -0.08198
R & 17 0.00138 0.61579 0.93886
Za 68 0.00138 0.42362 0.0834
! 4 0.00088 0.5 0.0834
+ia 4 0 0 ~
A 7 3 0 0 ~
e 1 ~ ~ ~
p~ 3 0 0 ~
A% 3 41 0.00069 0.37317 -0.29025

FE ?‘1” 12 0.00093 0.5303 0.48516
Er R 16 0 0 ~

REPESL 62 0.00182 0.5542 -0.67449

TR EN 2 0.00174 1 ~
BN 60 0.00175 0.52373 1.12099

TR 2 0 0 ~

Total 567 0.00134 0.61551 -0.67449

50




Z AHEAE R CEFE B HE (N) ~ £ %8 ndhF-rpl32 7 £ 173 phst B & (nucleotide diversity: 7 )~z Flst £ & (haplotype diversity: /1)
MR CEHBA Y &R (Tajima’s D test) » *4 77 P<0.005

W IEE BN PR ER(T) A7 2 & (h) Tajima’s D
b o 169 0.00264 0.81866 -0.42358
e 206 0.0022 0.85544 -1.10547

AmiE 14 0.00152 0.70513 1.33302
B & 115 0.00208 0.74003 0.47284
R & 17 0.00232 0.86275 0.16514
3 48 0.00184 0.79255 0.84213
! 3 0.00057 0.66667 ~
+ia 4 0 0 ~
A 7 4 0.0017 0.5 -0.78012
e 1 ~ ~ ~
pa~ 3 0 0 ~
A% 46 0.00122 0.70808 0.6437

?E%—’Ef’ 14 0.00089 0.61538 0.36212
Er R 16 0 0 ~

=S 58 0.00381 0.53297 2.5323*

TR EN 2 0 0 ~
BN 56 0.0037 0.49935 -1.10547

g R 2 0 0 ~

Total 514 0.00318 0.92017 -1.14614
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% 5 iif—éi"’\?ii"-l"’fﬁﬁfl'ITS FEA S CEEF B L fhgﬁﬁgfﬂijﬁiﬁﬂto HEMNT S L FgE  #HERF S 5 NyiE o

Mn
& wmE RL RE Ze v MR A pA A%e EEE PR OGAEN GFAEN TR
o g 0.00 1.61 1.07 042 100 -1.55 1.12 1.12 112 0.12 031 1.12 0.11 0.35 0.04
A 0.13 ~ 0.00 6.08 053 1.33 0.11 027 0.00 0.08 0.37 0.02
B R 0.19 0.04 000 122 1.14 249 103 1.03 1.03 023 031 1.03 0.11 0.51 0.05
R o 038 032 0.17 046 053 032 032 032 155 026 032 0.13 0.70 0.08
23 020 0.16 0.18 035 000 195 091 091 091 0.14 140 091 0.12 0.37 0.10
z -0.19 0.00 0.09 032 0.11 | 0.00 0.15 040 0.14 0.41 0.06
3 0.18 0.00 020 044 022 0.00 @ 0.00 0.07 0.21 0.05 0.29 0.00
Fst e 0.18 0.00 020 044 022 0.00 0.00 @ 0.00 0.07 0.21 0.05 0.14 0.00
p A 0.18 0.00 020 044 022 0.00 0.00 0.00 [ 0.00 0.07 0.21 0.05 0.29 0.00
A% 3 0.67 069 053 0.14 064 062 079 0.79 0.79 0.00 0.11 0.07 0.05 0.38 0.03
e 045 048 044 049 0.15 038 055 055 055 0.69 @ 0.00 0.21 0.11 0.26 0.44
Er R 0.18 0.00 020 044 022 000 0.00 0.00 0.00 0.79 0.55 [0.00 0.05 0.29 0.00
TAEM] 070 076 070 0.66 0.67 0.65 0.82 0.82 0.82 0.80 070 0.82 0.00 0.72 0.03
BJAEM 042 040 033 026 040 038 047 0.65 047 040 049 047 0.26 0.00 0.10
¥ 085 093 08 077 072 080 1.00 1.00 1.00 090 0.36 1.00 0.90 0.72 0.00
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% 6 L Ire= ;'if'—}”"f?ﬁ#ﬁ.ﬁ&%ﬁ NdhF-rpl32 % £ & %3 F g @ 4 iLLfi’fgfﬂ'ijﬁzfﬁﬁz o ¥t AEMT S L FgiE o ¥ EMR P 5 NpiE o

Nm
c# dE AL RT Za v A A PR dke ZEEF O OBL ITAEN @RAEN gL

~# 1000 124 1.07 107 085 033 085 045 021 085 073 046 0.27 1.77 0.27
iiE 029 0.00 165 1.65 1.16 026 0.73 080 0.3 132 107 0.12 0.19 0.69 0.19
B % 032 023 000 724 449 111 061 056 021 353 159 014 088 0.73 0.88
& 032 023 006 0.00 481 075 0.64 051 029 655 187 0.16 0.61 0.82 0.61
Z% 037 030 0.10 0.09 0.0 083 051 036 015 1459 131 0.12 0.63 0.60 0.63

w 0.61 0.65 031 040 038 000 0.19 006 003 045 024 0.03 0.30
A 3 037 041 045 044 049 072 0.00 025 0.11 049 042 0.13 0.14 0.57 0.14
Fst | i 0.53 039 047 050 058 090 0.67 0.00 000 029 020 0.00 0.00 0.34 0.00
P& 0.70 0.79 0.70 0.63 0.76 094 0.82 1.00 000 0.11 008  0.00 0.00 0.38 0.00
A% 037 027 012 0.07 0.03 053 051 0.63 081 0.00 138 0.09 0.31 0.59 0.31
EBEF [ 041 032 024 021 028 067 055 072 086 027  0.00 0.06 0.15 0.54 0.15
Er R 052 0.81 078 076 0.81 095 0.80 1.00 1.00 0.85 0.89 0.00  0.00 0.82 0.00

WAEM 065 072 036 045 044 0.00 078 1.00 1.00 061 077  1.00 0.00 0.26
#AFEM 022 042 041 038 045 0.63 047 059 057 046 048 038 0.66 0.00 0.26
gL | 065 072 036 045 044 000 078 1.00 100 0.61 077  1.00 0.00 0.66 0.00
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% 7 He#HITS # £ 7 Nested Clade Analysis (NCA) i35 "8 A 2 % 4 - Clade & #4c®l 4 3% iz ¥ Temploton (2004) -

1-step clade Total Cladogram
Clade 1-1 Clade 2-1
1-2-11-17-4 NO 1-2-11-12 NO
X *=10.0807 X ?=920.876*

Restricted gene flow with isolation by distance Contiguous range expansion.
(restricted dispersal by distance in non-sexual

species).

Clade 1-2
1-2-11-12 NO
X 2=957.3979*

Contiguous range expansion.

Clade 1-3

1-2-3-4 NO

X *=80.3174*

Restricted gene flow with isolation by distance
(restricted dispersal by distance in non-sexual

species).
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% 8 ﬁ;]%jﬁ % %8 ndhF-rpl32 5 £ Nested Clade Analysis (NCA)shde 8 5 % 5% % % o Clade & f4c®] 5 -

1-step clade 2-step clade 3-step clade Total Cladogram
Clade 1-1 Clade 2-1 Clade 3-1 Total Cladogram
1-2-3-4 NO 1-19-20-2-11-12 NO 1-2-11-12 NO
X *=11.4876 X *=60.0% X *=847.3183*
Restricted gene flow with isolation by distance (restricted dispersal by distance in Contiguous range Contiguous range
non-sexual species) expansion. expansion.
Clade 1-15
Clade 1-16
Clade 1-2 Clade 2-2

1-2-11-12-13 YES
Clade 1-3

X *=80.0*

Null hypothesis cannot be rejected.

Clade 1-4

Null hypothesis cannot be rejected.

Long-distance colonisation
possibly coupled with subsequent
fragmentation or past
fragmentation followed by range

expansion

23]
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#Z=E

Clade 1-5

1-2-3-4 NO

X *=426.8581*

Restricted gene flow with isolation by distance (restricted dispersal by distance in

non-sexual species).

Clade 1-11

Null hypothesis cannot be rejected

Clade 2-3
1-2-11-12 NO
X 2=90.2662*

Contiguous range expansion.

Clade 1-7

1-2-3-5-6*-7-8 YES

X *=184.2847*

Restricted gene flow/dispersal but with some long-distance dispersal over
intermediate areas not occupied by the species; or past gene flow followed by

extinction of intermediate populations.

Clade 2-5
1-19 NO
X 2=110.0*

Allopatric fragmentation.

Clade 1-8

Clade 1-9 Clade 2-6
1-2-3-4 NO 1-2-3-4 NO
X 2=209.6236* X 2=20.9896

Restricted gene flow with isolation by distance (restricted dispersal by distance in

non-sexual species).

Clade 1-12

Restricted gene flow with isolation
by distance (restricted dispersal by

distance in non-sexual species).

Clade 3-2
1-2-11-12 NO

X ’=513.9983*
Contiguous range

expansion.

TR
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BIE

Clade 1-13

1-2-3-5-6*%-7-8 YES

X ?=96.2358

Restricted gene flow/dispersal but with some long-distance dispersal over
intermediate areas not occupied by the species; or past gene flow followed by

extinction of intermediate populations.

Clade 1-14

1-2-11-12-13 YES

X *=77.8549*

Long-distance colonisation possibly coupled with subsequent fragmentation or

past fragmentation followed by range expansion.

Clade 2-7

1-19-20-2-11-12-13-14 NO

X *=105.6482*

Long-distance colonisation and/or
past fragmenation (not necessarily

mutually exclusive).

Clade 1-6

Clade 1-10

1-19-20-2-11-12-13 YES

X *=8.0%

Long-distance colonisation possibly coupled with subsequent fragmentation or

past fragmentation followed by range expansion.

Clade 2-4
1-19-20-2-11-12 NO
X 2= .0F

Contiguous range expansion.

Clade 3-3
1-2-11-12 NO

X *=177.0%
Contiguous range

expansion.
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OO HAITS PERAFN G L2 A EW AR RRDL T 20 27 BT 5 BB A B RHEF L AT 47
B3 AR AR T

A FH A FEAEE AL RS 28 e i s o BREE ARa PR OPATAENBAENFRAE
A (05908) 129 13 9 6 49 1 3 4 3 5 6 16 3 1

B (01658 6 1 26 8 2 32 19

C  (0.0917) 5l 1

D  (0.0653) 37

E  (0.0494) 1 17 7 1 2
F  (0.0149) 11

G (0.0053) 3

H  (0.0053) 3

I (0.0071) 4

Total 197 14 123 14 68 1 3 4 4 13 41 16 3 2 50 2
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Z 10 A ndnF-rpi32 H B A FA A A 2 X EW AR RR AT L 0 A0 T 5 BHE A B EET LG A FE Y e
Fo o BT AR AR T
7 %14 3 cHARE RN RT Za he fa bih o EER ARe PR P A TEN BFAEN FLE
1 (0.1167) 5 25 4 6 1 4 15
(0.0019) 1
(0.144) 1 50 2 5 2 2 8 2 2
(0.0311) 13
(0.0039) 2
(0.0019) 1
(0.0019) 1
(0.0019) 1
(0.0117) 5 1
(0.0097) 5
(0.0058) 3
(0.0058) 3
(0.0973) 50
(0.0019) 1
(0.0019) 1
(0.0798) 41
(0.1148) 7 16 34
(0.0019) 1
(0.0019) 1
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£1E

7 F1H 7] cHARE BART 25 Be M b ow ! BER ARs R OP A TAEN RAEN TR

20 (0.0078) 4
21 (0.0156) 8

22 (0.0156) 8

23 (0.07) 2 16 18
24 (0.0019) 1

25 (0.0914) 29 13 1 4

26 (0.0019) 1

27 (0.0097) 5

28 (0.0097) 5

29 (0.0019) 1
30 (0.0039) 2

31 (0.0078) 4

32 (0.0214) 11

33 (0.0156) 8

34 (0.0019)

35 (0.0097) 11 3

36 (0.0019) 1
37 (0.0409) 21
38 (0.0214) 11

39 (0.0039) 2

40 (0.0097) 5

Total 169 14 115 17 48 1 4 4 3 14 46 16 3 2 56 2
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