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tH(Darwin, 1859; Wallace 1880; Whittaker et al., 2017).
=3te] ol AEA AHE L, VL] dHES HAFs AU
AR v = vk Astes Y 22 thel(Charles
Darwin)< #Zefstarz AolA AXAE Azt A3t e
24 T3 7175 AAsH tHDarwin, 1859; 1 1). A
B7HA = A=) 3ol ¥ Za v MsEe
ool B A AEo g o] AU AT THs AT
(Lomolino, 2010). WxEAd WFHoze= doto] A=
(Hawaiian Islands), 7}v+d] Al =(Canary Islands), Z#3}ta1
2 A Z(Galapagos Islands), JF<¢td=2dd~ A =(Juan
Fernandez Islands), 27FA}e}e} Al =(Ogasawara Islands,
Bonin Islands), AIS1E A #}(St. Helena) 5°] o, $-¢
vetdl= fFdstAl &5 =9 F=7F Utk(Carlquist, 1965,
1970, 1974; Baldwin et al., 1998; Sun and Stuessy, 1998).

M e Amel WS Aol wlS olgAel mu Alxg

a8 1. #A 2 harles D i ) ~ ,
= ol (C%;r:e;ﬂa;v;r;)} o Z ¢}l ‘xpede] A& A (natural laboratory) & E2H,
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oj3tell wiash= A AfFFE AEstAsclAl o FEF A7 el "Frk(Crawford et al., 1987;
Anderson, 1991; Crawford and Stuessy, 1997; Losos and Ricklefs, 2009). wa}A c}okst e s7
B3 i S e oz g2l oAz 2 7FX7F wg Holuth tidalel ASst=
fr BETES A AFRAA Aelgks vl FAE 3ol Bxdts SAolAR ZF el wE
A2 2 e, o lE HY, 715 Wstel 2 8l o3t @R AT dAEA TAiE B
FaEo] HEY 7] AWa] 9= AAolth(Kreft et al., 2008; Caujapé—Castells et al., 2010).
W e awxTs Aol %#%7?@6& 2 7 8% dEEo] vt (Baldwin et al,
1998; Crawford and Archibald, 2016). # WA= Fejd, sjFsta, Aoz AF3 2fo|E WO
= A AFFEC] o9A Aol Wstrh dojt=Alel digk Aot vhA] Hal, o' 54 A A
IwEe] el & Xd(common ancestor)ol A 718k =A (FAIE/d, monophyly)oll HHE =+
FAdol F45, 9 YH(continental source)ol 7MFEFE olE HFIHE
=2 vl Fast Bl ol -&ﬂ?l aketo]l Ao B9, 7HF ke isowmHE ¢F 3,500km
Rl 53 7hg de "ozl Aolr. o] 3te] ASste HE A AE AFES
FefA, A vggdel wig- A7) witel o5 wAlE I AFE vig T8F shFolth o3
7 PG Al o2 shete] A
Dubautia, Wilkesia;, 2198 2), =Wl 5%(Bidens; 1% 3), Tetramolopium (1% 4) 55 #& &
ATH(Helenurm and Ganders, 1985; Robichaux et al., 1990; Baldwin et al., 1991; Lowrey, 1995;
Carlquist et al., 2003). §3] o]52 #-$Wik(adaptive radiation)S 53 X3}e A& DFo2 TH
s} 712Hs At w9 8%k diite]l Hok sheteo]l AR Ag, T dise dey] HolA
7] w2l (3,500km) thE O RFE o] Folxl oy We] EyA ZAke] ffste] VAHAS 7}%/‘301
Howmzg M af4E I1F5°] sty F5 2 A H|FEE WA E7(monophyletic group)S A
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@ 7hsAol Atk we] oz} Gl o 100km 4% @oll i Ame] REsE 1A
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Aw=e] =3}y A&l Silversword alliance (Argyroxiphium,

% 2. The silversword alliance in the Hawaiian Islands % 3. Bidens in the Hawaiian Islands
(Asteraceae) (Asteraceae)
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a9 4. Tetramolopium in the Hawaiian Islands 78 5, Violets in the Hawaiian Islands (Violaceae)
(Asteraceae)

EE52 T oY 248zt tAlE(polyphyly) Y 7HeAdol =7] wjio] ofd uigh wg A
7} 278 (Kim et al., 1996; Baldwin et al., 1998). ©A&1A] thAIEAA o digt 7] FHo]
gafjAd, F HAZ A A1FFTEe] HE 24T o5 AgH 7LAE @l o] dasi
dZ Eo] sleto] AL AE3F= Silversword alliancet:= )= 2] ¥ o}9] tarweedsolA] 7] 5
R, BRAG AuEe (Y 5) FAH E¥sE 2EA AuLoniy 7|d¥ Aow HuErh

(Baldwin et al., 1991; Ballard and Sytsma, 2000). "H&] "ozl thgAel] F235t #-giits &3l
g 1{FFTELS WEF 2FTHe FHHoz & Zol7t e F Ak wEA dF 24TE Y
sk At O]%Q] 7NEAE FAsE A2 gGA F2d, olu viE 2dFE FEYS 18T FE
3 WIS AT Ao AHE FHeche 244 247 g9 A MARE afAEEe] AA A
A ’\]ﬁﬂi’i%ﬂﬂ] B3 AEolty. EARAAl(molecular dating) #4& Fa °F 5009 I Ao

Silversword alliance”} Adoll 7143 Ao 2 AA = A5 (Baldwin et al., 1991), Hawaiian lobeliads <]
(29 6) 45 TrFA%E ateke] Awe] APA7] Bek E4 o Al oF 1,300% | el 71
g Aoz FAHAY (Givnish et al., 2009). AA7]A F&Ee H2 shefo] AmeA 7 e He
7h5-obol(Kauad)®= ¢F 5005 W o] A A= Aol olggt Adl 54 A¥E &3 Hawaiian
lobeliads= A% = ofgfloll A U 2ed o] sfofo] AkmolA 7ol HASFS AA
st vl A2 A aifgo] ojust SE(JE, tempo)= X3t =A], Hgh ofw ek 7] AH(RE,
mode)oll ol&l Fs}stsl=A]o] #ek AFo] @ = Jrd (Kim et al., 2008). vpx|9to=2 A 31f-Fo]
zb= e dud, AEA gddol o' A wAYFel os] Aol wHar, Ik FE3t 717
©

o &S MA= oY WAYUEFS Wl Ze] d 5 Ak

Charles Darwine] A|AIg 213}e] AFoell= F+ 7kA] Fa3 34 7do] . sty &A41X13
(cladogenesis)® Zx7]d] o]F3t 3ol A% =+ ALEFYA, lineage)ol R U= 2 B PATCR -1
otk Adelar, E o2 Shvbis A S anagenesis)® 3F Fol o FoR _V‘§]’ﬂ 2] Qka1
AMABl st doju e FoR Wk dgelth =8 AEY T udAd —f‘ M= EAxIsH7}

71)8t= vz At o] F 2] Tod Stuessy il
=9} Daniel Crawford 157} A 2l &8to)] H&slo] /A% E¥xehe A8 AF5e 7|93
! A

“

3t 71He drdeEn A=A d l“i‘ok"ﬂ 71998 w7k A 53] o] 7 A AbES oY W
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1% 6. Hawaiian lobeliads (Campanulaceae)

o Ex3E vkt 154E 135S dFdomn oF 3/40] BX 23 cladogenetic speciation)Z
F3ll, 28] YA 1/40] &7 8H(anagenetic speciation)oll 2]&] 719¥ vtar B3 tH(Stuessy et
al., 2006). 53] d AAL v& dFdsol vis f-euel &5 =7F st o T2t AHA
3= W& (F 88%)0] €50 e AL Agow AR, FHNEte] T3 712S FHEE
g gle] 559 F848% $54% 223 HSun and Stuessy, 1998; Pfosser et al., 2006, 2011;
Takayama et al., 2012, 2013; Gil and Kim, 2016; Oh et al., 2016; Yang et al., 2019; Cheong et al.,
2020; Gil et al., 2020; Park and Park, 2020; Seo et al., 2020; Cho et al., 2021). A Fo 25 ¥ <k
1807 d A stEdss Fi FAHE 2= SIS & = d2d A gled, A M b
7+e % S (continental source area)®+= ¢k 137km AE "olx AtHKim, 1985). F& WA
o= & tstal of 50001 T AAAEEC] BESH, olFo] o 10%¢ 500 T2 ATl =5

Eo A fAEA =A% LH-2E o]t (Sun and Stuessy, 1998; Sun et al., 2014). o]&<¢ 7%
Rl

==

15 AFE alAE B4 AEE sk gol A wfFol BASS FHeheA, UF 24F] ofd
ZAA, A QAT oHRA, 79 AR AANA 5L ARk S, 7 LHEE) F04
SRy A ke B8 AEE stebslo shu Ul 2yEde] wwE el PyAste] dukaal
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rBL

AV (Scrophularia takesimensis)

I8 7. Ayid 7] (Rubus takesimensis) a9 8. A3
Rosaceae Scrophulariaceae

Herders 2ol dAsh=A FdAez age whof dti(Stuessy et al., 2014). o3 dH 9
3 TE 71l dig gs S 5 dow, EAIse} vty = 3
Al Jebrdsts A8s AAE = A "k

A e BAAESE, Jdfdsts, AsAgsts d4-5 &8 Hex &5 AfFEe
gttt S5 % Aol FR st EEsteE AT (Rubus takesimensis;
FAEE T2 FA oA &3] B@E = 2SI (Rubus crataegifolius)©] th.
o] F F& AEAY A7 B I frielA FRE AolE B AuFETIoA HoAE AE
Aol t3sh(gigantism) dGy} 225 Eo] HdEt(selection pressure)oll Al Blojd wj wro]7|=te] 3}
el 77 AFR A= A2 A Aol Dol = 3l 5H S0l (Givnish et al., 1994). <ol &
WS AEREY B2 viAE ol 8% EAAESH A5 Eal AUTFEVI(R takesimensis)®] AvlE

1

%534
Ao WHAL, AUTEslE Ak 29e BYhe A8 34 7

al

A4 71(R. crataegifolius) <1
Al

2 rlo
S
ol N,
)
Fﬁ

Szt Aoz AAEAY (Yang et al., 2019). 5 We] A4 N9 2E a4 F
M Agog bFe 4 gk g AuFarls s 55 A9 jtdv)er H2e] FF £
e Frekal e Wb, A5 AUTET] AAE S55HA Rt @R Ao, AFk, a2ga o
2ol AhE7] HdelA 7ldE Aow weAn. B3 &5 FAF v A, ke Ay Jot
A 52 st S AH SHHOR V|de Ao® WA AvrErie A AbEs o
& WAool 2 Aol o&f wifE =, #H o F7F(FH 3, aggregate of drupelets)?t -2 Ao A7)
v oy ZdEe FA FAbS &olshAl st od 54 Auiar|e] tAlE 7|9s Akt

=

Fie 2A7 E o Ak B FARAAE ol &e AY A4S T 5L FA4E AT nE
JY., unpublished data). T3+ AyFgr]= of$

< a3 aeds Bfeta AL ?Eﬁﬁi A e Al 34 F+%(geographical structuring)=
HolFA] o, AgATE5 T3l AT 792 ezl AR EH(Acer okamotoanum), T
U-(Acer takesimense)®t= e 414 W& HoF= A vH(Takayama et al., 2012, 2013),
FAstE Fa3l 7dEE 744 fhdyde dds] dAseE AFS B AdTh
Itz 7)de] ® Tk afEe] dAZE Averieta dud, AdA(Scrophularia
takesimensis;, 1% 8)< SHFLE o]e]o] % 91:'01]7‘1 719l | A{FF F2 47 2 F Aok SRt
AA el st ZE MR A& AR 7F gAasaL 9o HBE 9171 (critically endangered; CR)
o 7\];@% Aase F Bd g nide] dAds] dasith AdA e AHA d42E 9 A
o2 FAYE UF 23FTS MNALS. alata)™} S. grayanoides®)th. MBS, alata)S = &5
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A ¥ L (Viola woosanensis)
Violaceae

% 11, A xEZ (Campanula takesimana)
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7bsdel EAgT. v F o] AFoANE dE 2T JTS s AR, dE IS 23
g oon] AT e Y 2TES AxTEY 7Ide #AsA FUutteE AS g 5 Ul
(Kim S.-H., unpublished data). ©]¢} o] &5} o] FEst= AFFY A= e e
o] & w3t 71FH stE fHste £ AT Edo] H F Ak AVYE, AxFTE, AYEUYT
(Lonicera insularis) &3 o] 5% Hxd FEHoZ FXe A IFTES =27 "
gt AAEAEEE AGE M A LFTE ofHAR dE-&TE-529 X dHs
HolE A AEE] AFx weAl Fasitia dE

A7t A= 55 45 ezt T8t 712 g8 4oz Asuoktd o)A e &
AR5}, RS ool 2 Ee] Fsle] TUd s = F Lo A wFE B T8I

2

2 3
(hybrid speciation)& Ar#HE 12} gt} & 7Fe] {1} alfF(hybridization)E &3 w3 7%
Tol Aol Fod He s sl Es dold & = AAEAA FF3Hspontaneous
hybridization)¢} =1 ©]% A4, Agsts Aels 5 FE8H(hybrid speciation) = 3| oF 3
o= Aotk $AMAINIZ(Viola  woosanensis, 1% 12)2  YFEIHoZ  HAkAM| (T
chaerophylioides)® %AWV Z(V. ulleungdoensis)®] FZ3= AAH Folt}. A3 AEA A
£ o] &3 AFollA, F FRFo] fAHANE V]dd #ARES & AAE FAL, FAE FAbAN]
o], BARE 5 An L] 719 deS 9E Y (Gil and Kim, 2016). H=3F GAMAI W] 228 SR (227}
pollen) &ozte] ehs Fow, FAbAH| e o] STAN Y] =R o x4 3 WEFew
HEREo] d g1 g REFY (nuclear ribosomal ribotype)o] #+5 %
of tiF-Eo PAHANE AAEe] FHE 27 ANAS & AAE FAvh gl (backerossing) €F
o]l W X(introgressive hybridization)e] AFAolA dojux] F= AL AAH|EEO] EA

(sterility)oll 71913 Aoz FAHM, 44N o] & FA 8= dFoz AAHAY. F FRFLS

o

i
o}
32
H
o
r>
2
=
bl
=2
R
n

A, AN e B oud 2o

st AEjAony AglEo] A &7

[¢)
34 el w3 e 44 Wk HF AUAE 2

Mr 2l

=
FAAAA S st T BEFI T4 4 (sympatric) &2
= 21

3 AgE AbAm ze] FF
A

a3 13. FAER-Aol (Aster chusanensis) I8 14. 2EvEL (Epilobium ulleungensis)
Asteraceae Onagraceae
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a3 15, Aw=F (Hepatlca malea) a9 16. UEWUF (Fagus multinervis)
Ranunculaceae Fagaceae

-L/

2R ol (A. pseudoglehni) 9y F3l\ = (A. oharan®l “}63 o] B FFEo FAk
Aolot eal=o FFsE Sl 7IdE AfFFTdel WA (Shin et al., 2014).
Aol A EAR AHEFAol7t A& PA T, T 7Hiﬂ% Gal=o] J&s 3 AL
AR s gE2A FAA a{vE FREge R dojy afE @A 7SS AlA
T RS quls T3 FF ehhybrid swarm)o]l F4HA &L, F
+ A AAE ZEA HH o] ol MAA A G wE A Ayl d4d 5
T sy 1 E3 ST AdA AdAom AFd A
HAE3le = & dol 2SuEZE(Epilobium ulleungensis; 13 14)& 714 <l Hej® E4 4
As) EvEZ(E hirsutum™ ©WVEZ(E. pyrricholophum) TY SEvlEZH(E amurense subsp.
cephalostigma) o] #E3t2 JA® Fo2 FAHEY (Chung et al., 2017). "F7IX 2 &S84
= Brg FALYE £E53 FA424(sympatric) 22 EX3}7] uFol oyt 3pA Heko
ol A ol L o] AAd Ao ot v F A AT I
= @ Al ERTEe] st 27|dAle] Fog A" & AW, FFsE T3 Tt
H ooy ERTEY wR7HAR ARl g wet ofjmg ko s sty dulE A= e E
g Zlojth. wek oY RFTES BRIAOR MR F Ee BE O ToR Aol &
wojEolop & Aol olE Al EFwe Zide] FHFste] x7] dAd sdEvd, AxFA
w 1 Hkde] Apglolth AxFAE 28 Aol =FAH. asiatica)st 4
Xol H nobilis var. japonica®l HYA 7} A HE o]Fo] F4A o]U(introgression)o] Lojykar, A
=T 71 o) el HEe] fHA ool m gz WASISS AlAS A tHPark and Park,

2020). ¥ AelS fA4 ol e HwTALd f04 dFYL w3, LBE BP9 43S F
= [SIR=4

4
o

T
ol &= &

AT oo
2
(e
& B
£ Jz 1:1

fo= g e
qT Lo
lo,

ol
[

[us)
SO
1)
=
ED
v
o,
A

)
%
i

e

~

(Hepatica maxima, 1% 15

s
L % b owRE o 140km BE WA vAlE 7hsAdol wAIRE, B a2

Ag 719S Zret o Y=Y (Ohet al., 2016), 4711 % (Seo et al., 2020), A=+ (Pfosser
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ulleungense; 18 17)2 M EFA 71 A=A} (Choi et al., 2019). &3y 159t Allium senescens® 21
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Title: Origin and evolution of endemic plants on Ulleung Island, Korea.

Abstract: Oceanic islands are often considered ‘natural laboratories’ and many insular endemic
species are ideal model system to study evolutionary patterns and processes. Our understanding
of plant evolution has been greatly enhanced by the endemic plants on oceanic islands. In Korea,
Ulleung Island is one of the oceanic volcanic islands and is home to approximately 500 native plant
species, of which 50 species are endemic (10% endemism). Unlike typical cladogenetic speciation,
these Ulleung Island endemic plants are characterized by anagenetic speciation. Thus, Ulleung
Island endemic plants serve as a model system to better understand anagenetic speciation,
compared to cladogenetic speciation. Based on recent phylogenetic and population genetic studies,
this review paper summarizes some patterns and processes in the origin and evolution of Ulleung
Island endemic plants, describes the genetic consequences of anagenetic speciation, and discusses

future research directions.
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