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A1ZdA  E

UE%5vl(Kirengeshoma palmata Yatabe)® F2 A2 F29
ARt e vhdA =24, AAACA FotAlot(Bts, F o,
Aol EFsh= BEH7] AEolvh el S AAA = detd e
FFAle]l WAk AAEE ARETe §A4E THETdolth F5
Ao A Al YFrtes 53] At A oA zE A7]9 FJHow

BEes WF7] AEE oAXm Ytk %9 Plant Red

Bookel 4= “endangered’ sao®E SAYEFOH (Fu, 1992),
A7k A AL T3 T AR, dFold T 470

A9 (Zhang et al.,, 2006)3 Y& F7¢, AZF Ao 344 (Ohwi,
1984)0]  HIFHTE  FAAARETAYAUCN) S A EZ (Red
List) == Endangered B2ab(iiiii,v) Z +F5Ho] Qlo] B Aol F Q3

A golt,

TUle] E¥ete UEsrhe 7sHE Aol didh =27t glon,
TUlel EFL7] HFIFAAdE e vLigutEs Tmy &9
ESulels pHEEE dbtE 1-F5EQ UESvH(Kirengeshoma

koreana Nakai)® HI ity AHHAANA XAt HEH7] AE

= (Korea National Arboretum, 2008) ] W= UEFuE o A 5l

Ja

AR et= e EARA Eolm] HE917] CR(Critically endangered)

sHo®  AAsT. #FAFS opEAHEERIY(ME, 2005

;

LosukE EEAV] o E I woE sty o 9 Ee

71X dEsuE of8eld SRR =S dYE el Asisiva

WEST Qe SAY + vk ey gmsele WEY) e
2E GEgvbe 33 A%

A Aol Fxet A2 NA & sl o
1 A



wolm, AAZ vhEgriel WE @AW dF)
gaket wUEY i ed 94
uAde) ool B A%l e Aut wd A £ F210)

glof WA Baste], AATO] A Fastn YEA, ofw Yua

ro,

Qlefl gt

)

2L

—

S4ol oy RRTY BE YL wolbA 5L AR e

7140 YA gaiA wsd 5 Qv Aol = AlSaA
©ox Abplo] WAIEtT o] Q& AT WHEO] o}y uwEe

w129 PRE B AAHQ 7

B>

<+ 91t} (Elzinga et al.,, 1998). 18}

-5 A S e ARE FHst=d 29

=
W)

o

&

¢ =7 uto  NAITE A (demographic) B
ol = A7Ad BHeA sld Fo Ay IS vH A
A dAl AEE Frksk] fst FA4Qd EYHE (genetic

monitoring) ©] 3 ¥ 3 31t} (Aravanopoulos, 2011).

2 AES gEA (ramet) 9 FHEA (genet) ¥ F  7HA
TFEl®2 JAE YT 7 Ak A S Fotol HAS skl
A 99 E A ramen) FhaL 8k, A FAFE ge

FSFEA (ramet) 52 TS FHAEA (genet) 2l 3ok (Harper,
st7] o 7] wZell
T2 YUAEAE 7|Hto =z o] Fo] Wt} (Whitford,

S do
2
M
2
rlr
X
o
—z
il
s
&
mi

=
2o | A7
1949; Harper, 1977; Silander, 1979; Edwards, 1984). 14}

L&
HE ol fF Hue Ir|xch f & #Ho] 2 E‘r(anht 1965).
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Q1 AFA AF-o]t}(Sipes and Tepedino, 1995).
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Y E 5wk (Kirengeshoma

fuk s 800mo)de]

9]

)
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B
gl
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R

AA e 2l HAR FESH et thdA A =olm oA

9T (IUCN, 2019).

Aefel w4
AR S AefelA WAt o9

WA 7}

=k 63099

Aow odelA

e

o
.

2to 1} Hwang et al.(2013)

o
No

Q1#F(Kang et al., 2007)o]m ojF&2] 7 AT-o]

eIt} (Cho et al., 2013).



Table 1. Location of natural populations of Kirengeshoma palmata in East

Asia
Latitude Longitude Altitude
Country Locality
N ¢ E) (m)
Gyeongsangnam—do,
35° 127°
Sancheong—gun, 700
23 51’
Korea Mt. Ungseokbong
Jeollanam—do, Gwangyang—si, 35° 127° 500—
Mt. Baekun 06’ 37 1100
Zhejiang Province, 30° 119° 800~
Mt. Tianmushan 20’ 26 1200
Zhejiang Province, 30° 118° 1310-
Mt. Longtangshan 07’ 53’ 1400
China
Anhui Province, 118° 1120-
29° 43
Mt. Huangshan 18’ 1500
Anhui Province, 30° 118° 1120~
Mt. Qingliangfeng 06’ 51’ 1130
Kyushu, Oita Prefecture, 32° 131°
700-800
Mt. Sobo 49’ 22
Japan
Kyushu, Miyazaki Prefecture, 32° 131° 1419-
Mt. Shiraiwa 34’ 06’ 1500
5 ¥ ] A :" ]



22 7-89 Agtely FAS=E TSl 1~571¢ kA
Frok o] mmydor @t} (Lee, 1980). WAooz LF 9
=

Jg FROT FA WAL S} pRACE e F18

l

W21 3kt} (Chang et al., 2007; Sun et al., 2010). A2 o] Bojst=
i P P ¥ 3} (Apidae) 2 2 H 9 (Bumbus

A

ussuriensis), muk A 259 (Ceratina flavipes), A=l
A a2 3 (Halictidae) 2 Lasioglossum  nipponicola’} %o
WEetAAYy stE s AFskE Aol #EF AW (Zhang et al., 2006;
Chang et al., 2007). N3} A A3 <2 dol= g SFHT
Fa, o As Al dES vAds AuE dolrt #@d ol %
=oA ofol BAH udei shF GRS AZe] Ay ¢kl
AoAA A AdsEo] Gl ddo] yebdtH(Choi, 2002). Chang
et al.(2007)° w=w, Z} o] I3t AV|I7F gk g JRA 9
Netd = o] Mstde] Hat 4ui7bAl AA N sheth whebA
UEsrke godds 2 iAWl Ziske] vlsA gy HAd ol 7hske

HEAdE Bolw  FRUNAER S °oleAlA Bl

r
=
e

TU M= UEsute] M2x 44 543 A% (Kang et al.,
2007; Cho et al, 2013) T+ AuH {127 vy A7)

A T

Jo

FH9 o (Chung et al, 2013), BJaLE o] &3t

A2 weldeke WAl g A¢rh AATH(Choi, 2002).
6 'H.-|! 'k|:|' 1_-li ."‘.l'l



sHEA w4 A @ ALY HASsE 2070904 60787HA €

gE g AN = 1~3719] F13 ] NErb w9 =A e

agar o] Ao FATGEel w2 JNAITH Hlwsds W,
- A2 o Spoprt FAEM FAbel A olst JiA Sl AEH 0]
m-g- sk fATEAdel wE AT ¥ud w2 AT
Alastds w, A FobES A 11%, 12%=E fHAFSHIA
FATggol w2 JNAIT A 9] wobdt JiAl= tiF-E vkE Atk
2oz Zolxltl. Han et al.(2014)2 MaxEntE o] &3fo] W24
A9 yEgvt A s MAx A9 H7HE s oH
O A% AR 79, B4, R B9 o]dETt UEsrhe] AAA

AEdel 71 AA dFs A 29d9E Wt

=

o

)

o= cpDNA2F ISSR(Qiu et al., 2009), microsatellite

O{N

A (Sun et al., 2010; Yuan et al., 2014)& o]g3lo] =z A&
At Apoleo] Fx4 vrekd 3t Afolo] et Ag7F a8 A ISSR
S =9 vl b Jdd (B Hoe=0.170) A2 Al i

AEEEd  H_e=0.175)° vlusis o, =29 o

}1\1,

Mo

A (H_e=0.140) A 7Fg SA YEFSEH(Qiu et al., 2009).

1. 4. YEsute] HF597] 9

HE971e) A8 ATHIUCN, 2019). A= o7kel 1H3 A7}
Ao koA <AZEe] wwhke] st ofywhe] A™o] WHAlSt= Alo]
H 3153 (Tokushima Committee for Endangered Species

Conservation 2010), =A% SAFZ 2} A7 @qoﬂ"i A4

7 x,“1]|



3o 5 ar QH(Cho et al, 2013). T3 FH3IE Heko] A
HAL 2 dAS AAAZD F Qloy ol A5 A 9 o&
GAZ olo]d  FAo]t}(Chang et al, 2007). YUEoJA=
AEANE (Cervus nippon)©] WYEsvte] A& AsAE ol

o 9% 99 2910% Agstn gor] olF wyl s ugvt

AA Foel e S AAlske § 9 #ElE A8t (Yamashiro,

2008; Tokushima  Committee for Endangered  Species
Conservation, 2010). Z128]3l YEsvrtes B FA fdo] Qe
Aol 27 el Az ek o] AP e A4 A
FEol dojd = UAn E=F Sdg Bl

ddEol A o= VAT 1 vfAol AR o]ofX v (Chang
et al., 2007). IUCN(2019) 2] Red ListolA HAIsaL 9l YEswt
At Fael ozt 7HE 2 9Fd 202 AEA

ol goln FrAMowE Agke] oF @S Fa A0 B Yk



2. BFH7 A= A A7

Shaffer(1981) Ao HE 7lsAe IFS F= 2Uqe
D 7N 75 A4 =24 (Demographic uncertainty T=

stochasticity), 2) 424 &EHAAL 3) AL A& 4) HFH1F
=220 v 7] R FEskglth ol el HEY s g
o} 3 A -3k =9 EES 7Hed

?_
NAF&E =54 (Population  Viability — Analysis, PVA)o]gtal

o
T
il"
Ir
re

3o} (Soulé and Simberloff, 1986; Shaffer, 1990). +32% 13811

NAZEAR BHAHE 50704 wwe] ofF 24 HAwola S

o

=93 Q<2lo] Hr}(Meffe and Carroll, 1997). Oostermeijer et

al.(2003) 2 Institute for Scientific Information®] Science Citation

¢

Index doJEIHo]AE ¥ 3F5le] 1979WH-E 20007HA] 9] A& 9]
BA AESte] #d ds A4S Y. £ 49279 = W =9
ZTANA JNATFAD AT JMATEHEEA (PVA) O sk 10070

ool A7t FAHIAR, o] AFEAM Fo FHAHA FERE

Ao A Fgrh 53 AATEAA, WA, FA4 299
AEagel oF A7 @ Relrt. T WEN Ag

FgA oz 3 A7t 3tk (Lande, 1998; Menges, 2000).
vetell A HF: 7ok A = e HF A% Hrle dSA s
, ZF NAITY A7) wWsle] digh AFAQ AR JR RSy

HEol zzte Fol afshs ABA B4, AUA A9, T Ax



Agtolnt ARE sl Y@ gn fol FhHn Yok =E A7)
A2l tjste] FHAel B i gAHoR WEHA e A4nD
Mo Hskm el AdHoz AFN/IRAEel @

FE Yol BBt wE Hagste

g

(NIBR, 2012; Chang et al.,
2005; Kim et al, 2016). =W HF7] A& A #FolA 9
AT W A= ABA BB 2= v, BrreAY @]kl
A4 RS FH8h= 5o 444 Aol Hdssta AT (Pi et al,
2016). /MATZEA ST A A opA JHA|T AAZAL DA whE
TEE AAStL vass A9 S EoH (Lim et al, 2005;

Kim et al, 2016), PVAS} 2 A% F42 Park(2014) ¢

274 %% (Hanabusaya asiatica) WA A2 Cho et al.(2019) 9]
B2 0 4 (Cypripedium japonicum) WA+ A7+7F =35 v} Q).
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3. Microsatellite #}A S} FEFXF

AE7] AEel teh AFtelA A& S RARIS Ale
o vEof & T3 R OoZE AFGHTY(Xie et al.,, 2001; Mi et al.,
2004). tEF2] AA Wl BdS 98 AT fFAvFEdes BrE
v dJx 9] ®RAs 9 JHA AdeM olgd F Y

=2

Fo]t}(Sydes and Peakall, 1998). =423 =

252 olgsk WA Zo] Al Akl Aol fx] 49
Ao 7 gaFs nxva ¢ A Atk (Fischer and Van Kleunen,

2001; Watkinson and Powell, 1993; Lee, 2017). =3 & 7%}
T A2 T3l dist o= AT SR A A Bk A
7Pk BREe wtEsd =]l E Stk AE 3E AT
53 (Matrix Population Model, MPM) g o] Ejw|o] A~ 9l

COMPADRES®} CLO-PLA9IAN A¥st= 555 FAWZA A&
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|
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e
ey
[-‘O
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1>
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l
l
o
i
3@
i
o,
of\

A A st (Janovsky et al., 2017). 28 WAL 2 §HAFS
FrbA 71 Aol7]l wEel FAske AexE dou, 28 WA
A or FHAQA MAlss AAE = AV Wzl el w4
BEE (kaE Aart v

Microsatellite:= DNA “goflA] REEHE= 22 Q7|49 02 F
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ntAZE FETE Aol Adsitta dEA th(Avise, 2004).

J e 7} 2t} (Charpentier, 2002). U3 de+= AAFEAZY A7)

b SR deld ksl AXT] wEel Ad

=
2
30
©
o
~
£l
=
I
Jot
o

o

] AR A ol dHF-A27F T2
waE 7heAol =ua A Yt (Fischer & Van Kleunen, 2002).

ol B 2E Tzl U oldE Pw <4 w9 AF, AA

Zlol 7H F=AN B #geld AHgHe Ades aE&FeE
goetr] feiMe 1S MAeE AdsA ddE dart vk
Brown and Briggs(1991)e] w=w, AR &A= M2 &
A% E= genetq] FE FARSH] @A 9] B AN FHE

P 272 e 0 083 & vk AR BE dRFAAES)

2Fe v @RS g6 Bedn FANAL i FE A%
A% 54 Tede 22 gedor 4% 4+ otk £d 2

ge F4H RE Just A AP

3
AATE] 28 7% Febs fl& wFd A7 Al H A2 (Lynch
et al.,, 1998; Sydes and Peakall, 1998; Suzuki et al., 1999; Burke
et al, 2000) 53] g2 =2 dAx 9 B AA £ FH=
At Fd £ 71EE& AAEY. Torimaru  and

Tomaru(2005)+ ISSR w}AZE o]€3Fo] 13000m? & ™A oA

12 2] 8



vl

had

=3 (Glycine soja)d w4 T%

i

AR A3, =39

A2 s AA obg Fwel AA 10m AAOE AA

Jo
X

kv
o2
o
f

i

AR Ae Adsislith. el 38E RAPDS ISSR viAE
o] &3t 7}A| @ &3 (Eleutherococcus senticosus) d 334 28 %
+4] (Hong and Lee, 2015)°] w2, FAES wat 2m ol T
l.4m 7HA o2 JHAE T8k Aol 7 ez dx] & HAd
el ol Aoletal ¥ v Chung et al.(2006) HE $17]e] &

M=% (Echinosophora koreensis)® 3 tFd& ®As7] ¢4,

A4 Azl AA 10~-12me) Age Y& AAE FIE AL
b

Tg A4 9 BAS @ AA +4 Wy o, 2E Tx
A AR AATol Fe) AL FE E= @l Frow 7AW

A1
~

=7449) AL ARe 4 olvh. SSR¥ RAPD

a
o
of
%

N2 e §49 Y RS 29 A7 AR geb
oGz F3] Ao 2R EAT A4S Z2A4H @A W mA B}
Aege 4+ o
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4. MATFAEH AT

A AARcw HE7] A= BRds fEl AATEAA SRS
ol g3  FUEY Aot REYo] s AFHI o 3l
AT-EASHs WHelst, & HdolMe &4, 4%, WA, AFgel et
A 5dE tFH (Solbrig, 1980), ol st AEAY] 558 &
A4H= AT sEHE oldske dEY ATl (Caswell,
ol el 2zl AAdAket

=
=
ANA Bezd, 99, TAAA 29 G 59 IuE JwoR

T

AT EFTe EF JtsAS FHE  9doeH AT EH%
X (Population Viability Analysis, PVA)S A&z HA 7|4 =

slypo]l T (IUCN  Standards and Petitions Subcommittee, 2017).

Az BEE 2L wEdrFe ¥E 99e d3dn nd
AetolAe Tietse wmelr] 98l wAAEseA EsiE

oAt 1960dd FTHE olF FHE o] & AATEAATE
AATL deiet EFE fds dobd F Sle AEd EaEA

Zragukoryr ok A0 A7 V|EtE A 0% =7t (Crone et al., 2011).

ke
<
i)
ofN
Ho
~N
of\
1o
e
2
=
__>|~l_9
r-Ll
%

= W mlHe] At AaES
AgAor Fstel AHT = v BFAVET H5& vEoy
AHgE 4 9tk Brook et al.(2000)°] w=w, 217§ &7t
ARt S VIWke® PVAS] o5 ZSAE W7 A, PVA

o ol AAe e Ik #@E FEssi

v

14 Ak



MAFEE RS V|Eder #AE E3 AT vd AVE
ASg F don, olg W FIH AZES AAse T8
AEALE qfgekedl ol &H ok (Silvertown et al. 1993;
Oostermeijer et al. 1996; de Kroon et al. 2000). ©]} o]

MATEE =R Add JrE S8 AMACe] 2Fd 442
=

Ho
ot
r (o]
ok
=
_—)&I
~d
1o
o
o
i
o
hinld
X

AZFeAY, RHe] o5 AdE

Bl w3te] A v Ayg|es A4 4 v (Bakker and Doak,

2009). Pfab¥ Witkowski(2000)+= MATZHEREME 53

BE 9714 %= Euphorbia clivicola®l el tis AAE dl 74 B4

e Avg el Add ad%E vustglon 1 Ay 5g o]gsh

A AA, 2AEE] AT wAEASsAAY EY 2ATE EF
Z]

Al s ofolr ATl SR 5 U 1

44 Aol »&%E 1 ¥ 3 it (Marcante et al., 2009; Garcia et al.,
2010). Weppler et al.(2006)2> 7RAIT-9] A& 74 HAY S
HAlo] 7|03t S Bl wel 9™, Geum reptans JE2 T WA
=
[e)

NFe ANowt FeAvE 2 35S UFAAT. £

B RYe #FHoR agAA W AAT Fbl selshe wa,
SE WA 9 feld 84U W AAT Sk J101FS B

15 .-_;I'x_-'! _'k.::l 'I_ |
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AF7I=o] 9.83° C leom, 149 FArl=o] 2.65° C, 8¥

FaeFo] 254.38 mm=E YEFETH(Cho at al., 2015).

S4B YATY APTE AIT AYE W9 A T,

i A AA fAE Ate® o7 1,099melt

gHow 59 35 217, F4 1277 52" o $1Aska, 1983d
FHTHoR AT Agat FLE (1,915 mels ZEA v
ko=, AAY Y sFHozE AF4(,915 m)ol  fIAsHH,
B£o 2= Svjib(1,104 m)o] SIAgH 8482 A gite] FshH

AGe mmame] o gl fol §7]9 Aol AFHe wANOE

ZAMEA T e AR AT A ETHTd
AE(ESO o™, A 332 Atd® o]
ol = (BUD I AXAIS  F(BU2), AYBU3)S  Fwtolth
Tableoll ZAF A st ARE YHeERUT. YEswirt Alas
izl oF 40914 60m7bAl AA xS RS FAsH 3, 2AMAA
el A& T Smxbm 2704 AA|ste] o] WU el JHAIEel disl
MAEEA A5E FHeA
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Table 2. Locations and population sizes of study sites and subplots

Subplot*2
Total population
Population (50m?* )
code Latitude/ Area N n n
Altitude (m)
Longitude (m? ) (2017) (2017) (2018)
N35.39/
SC 701 800 179 66 64
E127.86
N35.07/
BU1 863 1400 174 47 47
E127.65
N35.06/
BU2 520 150 72 42 26
E127.66
N35.11/
BU3 1082 800 134 80 80
E127.63

N, total number of individuals; n, number of individuals in 2 subplots



Figure 1. Location of four study sites in Mt.Baekun and Mt. Woongseok
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GEgeh vl S Meamt AHY A% F A of AR
20 AR BU2)E FETZE WA dAAE AAedrh A%
o= o] Fwtol v kel wls} WrlEo] glow, ofd {7}
HAEE Ador F4 A 744 A ARE Wud 5 3
otk 7F2 10m, A2 Sme| HARAE ko] WEelM 23749
53" 2 (clump) FEE Kol= JHAIY & A sk (Figure
2).
45 ..
40 ° *
°
35 N °
- ° ° . ® 0
2 o' ’ ¢
® °
15 e
. .
10 .
. .

10m X 5m subplot

Figure 2. Location of leaves(stems) sampled in 10m X 5m subplot in BU2
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population.

2. 2. Microsatellite 7}# 2] &4

AFet desuke] oA DNAE st flste]l A3 A5 2
mme 2AH|QIg A HE 27§E 2 mL Eppendorf centrifuge tube®]
Y3 TissueLyser II(Quiagen)E ©ol&3dte] 17 <+ wmhfsiaith.
vl el B2 30 mgS 1.5 mL Eppendorf centrifuge tubeol] %71 %

DNA extraction buffer (AP1, Quiagen) 400 L2} RNase A stock

solution(100 mg/mL) 4 xLE H7lela 9443 XolxE Lo &+
o 65TeA  1ARF E<9F FRel QuiagenAtelA  Alw gt
protocole] ™z} DNAE sttt #8l¥ DNAE 37
NanoDropTM 2000 (Thermo Scientific) & ©]&3sle] 55 =A%

% PCRell AHg-sh7] 918 HF 555 100ng/uL= 3|45t
microsatellite "tA+= FH4 teFdol =71 Wil A #\kA
FTAME A F31 Aol 53] @34 o] (Chistiakov et al. 2006),
AsAd 4 g8 |49 28 wE, AR B4 Fo=
A stsl} (Chistiakov et al. , 2006; Halkett et al., 2005). T3k
=l Hbdog MR Fo et microsatellite A 7)EHo]
%43t¥ 11 9tk (Castoe et al. 2010; Kijas et al. 1994). &
AFelAe= dESvE ez JiddE miA 5 udds Role
12709 wAE ol &adth(Sun et al, 2010) Za wAL
A7 Dol FFEA 6-FAMS AIAA PCR 3 5 7] FlA

THE A4S AAT F d=F gk PCR 2312 95TIA
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5EZF W o]F 1A= 95T 30%, Ztolvd A A
2 % (annealing temperature) 9|4 45%, 72TCeol|A 18 30%=Z % A

GAE 30WH wWHESEIth. Applied Biosystems® 3730 Genetic

ol

Analyzers (Life TechnologiesTM)E ©]&3}o] A7|9ES A5t
bl

=
A5 3 28 GeneMapper® 5 ~Z 713 (Life TechnologiesTM) <

>

W PYEAS PAstel FIAERL B Ho

_

Oft
ME

S SHFAEL AVIE VIEoE YErd 9 F(peak) & Fldt]

TEAES FaE ZARste] FETER RBA TEIF T2
2.0(Arnaud—Haond and Belkhir, 2006)% %3

skl 854325 gotsielt.
AT KPS 2= 7 ONAVE 22 £ A (genet) oA 2l @
QFEA (ramet) 1A EAA 2 AF3H7] 9138 Pgey (probability of
genotype) % Pgzy (probability of sex) #= AlAteth. 2]

e 2,

pi WHFAA RIEF, b olFHEA FAxESe Aolth N7
MAZ o] FAX HuelA FE F
(probability of sex)+= T2 2o & vepd o gl

N

Nt N—-n
Pspx = m(PGEN) (1 Peen)

n
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olgst FEAAS Aol Str-uIwl=a HY (Hardy—
Weinberg quilibrium) & Zt=th= 7H9 ofdl #3351, SE27% 4
g2 73 MLGSIm 2.0(Stenberg et al, 2003)S o]&3}y
o] Fo Ftt.

3. NATEY =14

3. 1. AATEA A= +3]

A ZARE 39 59 (2017-2019) YEswte] AsEA el 72
T-99 xo] AAeH. 2 AelA ARESE Lefkovitch 34
5 €l (Lefkovitch, 1965)2> 7HAIEe] F40, WAL A&l dF=
AL GA, A 8 AEES dSshet AR gk o]
EAS FE Fue HeE EEHAY ol 7Nk Leslie 3d™
el (Leslie, 1945)= uol& A gl /AAY AHE 7IWo=
S AT F UAEF FHE Edolth. Lefkovitche] R
NAS] drolel wigh Fr = FeskA ko, JHAITLE o AL
AR FEste] A AEALE A @lof stk whebd Uswte)
AgAtE ey 22 Al AR FEEA(Figure 3). YEFwt
1342 A9 (&7l 2= 7be) @ AATE gl 271 29 45E
Al = Qv derdor 3 $ 4do] Aupop Jststal 1

o] g A 2o wek Aol debd 5 dvhal 4 A
At dA"ol w2 JNAILTE E719 dolek Jigrh soluAR
ORFEH e d"s FEske A2 27bsstth AT S AR RS

23 M 21



T3 A S Yred FEske 74 dAZE AE
HA d2)o] 7he gt @90 FARA

i

O

Slojof skal, B AlEe] Fd
& 277} ¢lojof gt} (Elzinga et al., 1998). web B Ao =
2y gk} GHA = -2 & (seedling), u] A < 7] | (juvenile),

AsWA (adult) 2 F23sttk. 719 71 17l A4 B &7

W] e AT ol EFere Rl AN BAAC
$4 30 ~ 50en 91 F7150] stz AFHER 30 o)

27158 3 QAR B AALEARARE F3, 2451990

Adult Juvenile

Figure 3. The life cycle of Kirengeshoma palmata.
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3.2. 9L A4

MAT W WHEAES bigez AT FIdES A
Lefkovitch F934d Ed2 I3 o AgAte AolqPdAS 7o =
st 92 7 FFE n(t+1)=An() otk (Lefkovitch, 1965).
n()= AlZE tellA Z dAE JRAIFE dEhde d ddola, 3d

A= &

uly

AEol S57F ofd AAZE HoldE [square transition

matrix] ©|TH(Eq. 2). A= nidlA] njo2 HAol& FE aijE TAHH,

ek

E @e 27 iRAGY AAEY £ ohgd N j® olFw
2 gy Fad. ot A Dolsh x7lel oW wAREA
osiAT 24" W oA Aolel fHHE Hxole b
o) gy

&y

3.3. 4%E AN 4 7

A (lambda) ko2 Folx=d, A>1olH MAF+E AFAZE T,

a=lold Al BRAUEA Fdel G AUE, i1 o

MAEe ZasS  ou| s} A Aolgd A9 #H
3 1+#| (dominant eigenvalue)©lil, wet v 22 5, FH5

- E o)t} (Caswell, 2001).
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Hdolsgid Al 7z} Aol AT AZE Ao vAE IEFE
=43 W7 E=EA (sensitivity analysis)< AA WAL =7] 9
7HE AR AR AJs vA= AR dAE AU EEH7

MAz] AW Fue FAAA e WilE AR &

o ATelM s 4 doldded tiet dEAdyde A8k, A T
Hugd e WY 2AR A7l A M A%
deaAeta B2 3 FAde AAT AV A ol 4l

TN SEA 24 A3 ddd 99 AR F Hugd 22

oL
2
o

S

el 3ttt (Byers and Meagher, 1997).

S11 " Sin €11 " €1n
Sensitivity =| + ™ Elasticity = ¢ ™ :
Sni Snn €n1 """ Enn
where where
oA - agj ’ a;; 04
Si. _ -y o e— gy 1 L ——
j ij i
day; A A 0Oay;

fori=1,2,,,nandj=1,2,,,n fori':I,Z,,,nandj=1,2,,,n;_‘| ;__‘_': T ] | 'f_l
K "y i — L
r L-
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Microsatellite 7}#

1.1.

s

°o]-&

v} 2

WdEl microsatellite

o=z

FEFvHE

}oith. PCR ZA¥

S

&

S|
&

AAAZ Ha FARBU S A

oA 1274

F1 97] 9

S

A 2]

v} 2

HolAY »A7k wrgeket 3719

S
o=

A5

[e)
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b o,

S
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2 Table 3¢
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sk,
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1.2. =5t Joo] FE24% e

Microsatellite ¥4 A3 10mXx5m =3 oA A= 2379

FAPG(EE) JSEAE ZAS BEXTE AA AT (Figure 4).

UrEguke] S8 22 A7 2o Qe dAE FH=E

Table 3. Value of P;zy and Py of each genotype of K. palmata.

MLG Poen Popy
1 7.09E-06 0
2 3.88E-07 0
3 2.66E—-06 0
4 1.79E-06 1.02E-14
o 1.32E-06 0
6 5.06E—-06 0
7 7.89E—-05 0
8 5.03E—-08 0
9 4.15E-07 0
10 0.000158 0.00363
11 6.44E—-05 0
12 1.02E-05 0
13 5.93E—-08 0
14 0.001204 0
15 0.000736 0
16 0.000278 0
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Number of

Number of genets  Shannon (H')

Eveness (V)

samples
23 19 2.834 0.963
17 0.000156 0
18 0.000484 0
19 4.02E-07 0

Table 4. The indices of clonal diversity of K. palmata

Figure 4. Clone structure of K.palmata at the study site in Mt. Baekun.

Colored circles represent ramets in same genet(clone).
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2. UE57H] MATFEYHEEA

2.1. Y=svte MAT 732

ul 7] =AM Aol A ZH2E 2709] SmXx5m AW T (subplot) &
ARste] AAEe 9IAE 7IFEsta 3dEt JRAIS] BEA WstE
wHst Figure 6). AR JHAl= 20179 VI€o® 77
66704 (SC), 477041 (BUL), 427041 (BU2), 8074 (BU3) Att. o] 5
AsAALl v 247 1471A1(SC), 347041 (BULD), 147041 (BU2),

2570 (BU3) Atk AEhAleld sket 2o 4 13070 %€
316707kA] WL =9 Zo] AssteE AS Qs oy, 9-109 F<t

AASE A7) FARelA BU3 Ade Algstar dfF-29
AAEA 3kt (Table 5).

20179 = 7EFE 1197H4 2T vEerr 29 5

M
s

Aujo] +5 #AAstL 7 Ak AA Y 2 b dul 2 vjEE A
ANES 89 H(Figure 5). BU3 Hwe] AS$ =2 7379
ZAE A Fsked A sk, SCo el AAgo] 38%% 7HY
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Loron BUIS 16%, BU2E 12%= u$ Fe AASS Hr),

o)

o2 A3 3 QAT @A 2070 o] ol JHEtsiAIRt w9

.

ol uj A&ehA Lt 2 A dekdch gae Ade o
Fogglon BAsA Rl GESAL AvtA FS dsw 2ol

gehate oz FYuch

Table 5. Total number of flowers and fruits and fruiting rate at

SC BU1 BUZ BU3

Total number of mature

14 34 14 25
individuals
Total number of flowers 177 316 270 131
Total number of fruits 67 50 32 97
Fruiting rate (%) 37.85 15.82 11.85 74.05

Sancheong—gun(SC) and Mt. Baekun(BU1, BU2, BU3) in 2017.
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Figure 5. The number of flowers and fruits and fruiting rate.

SC subplot (1)
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BU1 subplot (1) BU1 subplot (2)

BU2Z subplot
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[«

BU3 subplot (1) BU3 subplot (2)

Figure 6. Subplot maps of K. palmata
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Figure 7. Population structure of K. palmata.
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UrZnlo]  JPALEANEE  o]L3l9]  Lefkovitch H933d<

243 313 ok (Figure 8).

2017-2018 2018-2019

Seedling Juvenile Adult Seedling Juvenile Adult
Seedling 0 0 0.93 Seedling 0 0 1.15
SC Juvenile 0.25 0.77 0.07 Juvenile 0.08 0.77 0.15
Adult 0 0.23 0.93 Adult 0 0.16 0.85
Seedling Juvenile Adult Seedling Juvenile Adult

Seedling 0 0 0 Seedling 0 0 0
BU1 Juvenile 0 0.77 0.06 Juvenile 0 0.67 0.20
Adult 0 0.23 0.94 Adult 0 0.25 0.80
Seedling Juvenile Adult Seedling Juvenile Adult

Seedling 0 0 0.35 Seedling 0 0 0
BU3  juvenile 0.05 0.57 0.07 Juvenile 0 0.43 0.27
Adult 0 0.29 0.86 Adult 0 0 0.47
Seedling Juvenile Adult Seedling Juvenile Adult

Seedling 0 0 0 Seedling 0 0 0
BU3  Juvenile 0 0.71 0.04 Juvenile 0 0.89 0.06
Adult 0 0.29 0.96 Adult 0 0.11 0.94

Figure 8. Lefkovitch projection matrices of 4 populations.

7 FRREREFYH e}l WA AFES AASka, o gkt

[e)
S5+ JHAITES] obg  whA] HE3E(Stable Stage Distribution,
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SSD)E T tH(Table 6). Z2da F 7l dHoq 2z A

M
lo

Bde ekl 39 e WIE FEe dd ol H e

=
=

A%E 2 QMY ©A FEE eItk 2017-2018d%8F 2018—
2019929 Holdd Telw WE Aolade olgdte] 7 Pwo
200520196 g 204 Eeel 4% =S

o =3}t (Figure 9). H Holgd F

rlo

T OAIZIE] AEEC]
AL zpo] vA] ok= BUL, BU3 Hw& A9lsta SC Hez BU2
Aol BE AGA GAE gt & FFEE xdsk3l v (Figure 10).
2017958 201997kA WAke] Al Ao Haw) A HJeo] £
TES 2AAgste] AFE()S vad Ay Ao " (SO A7)
150 A Ao ggsta, WAt oj XAt Aok HAasiglon,

oAk A Boe Aud OBy Boo Awe Agtol A 1

Table 6. Population growth rate and stable stage distribution(SSD).
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SC BU1 BU2 BUS3
2017 2018 2017 2018 2017 2018 2017 2018
Year _ _ _ _ _ _ _ _
2018 2019 2018 2019 2018 2019 2018 2019
Grow rate (1) 1.114 1.011 1.000 0.967 0.929 0.467 1.000 1.000
Mean matrix
1.067 0.986 0.758 1.000
grow rate ()
seedli
31.4 36.2 0 0 23.5 0 0 0
Stable Stage e
Distributi juveni
istribution 310 319 203 400 154 875 121 373
(%) le
adult 37.6 31.9 79.7 600 61.1 12.5 87.9 62.7
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Figure 8. Projectons of population growth of K. palmata for 20

years.
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Figure 10. Projectons of population growth of K. palmata for 20
mean (@)

yvears based on 2017-2018(a),

matrix models.
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FRAE gk witeel &8y PAS st (Figure 11-

12). e s AR A7l fFs 27 "ol GdEE o

2017-2018 2018-2019
Seedling Juvenile Adult Seedling Juvenile Adult
Seedling 0.074 0.073 0.89 Seedling 0.034 0.030 0.030
SC Juvenile 0.331 0.327 0.397 Juvenile 0.444 0.391 0.391
Adult 0.499 0.492 0.599 Adult 0.654 0.575 0.575
Seedling Juvenile Adult Seedling luvenile Adult
Seedling 0 0 0 Seedling 0 0 0
BU1 Juvenile 0 0.203 0.797 Juvenile 0 0.357 0.536
Adult 0 0.203 0.797 Adult 0 0.429 0.643
Seedling Juvenile Adult Seedling luvenile Adult
Seedling 0.013 0.008 0.034 Seedling 0 0 0
BU3  Juvenile 0.253 0.165 0.657 Juvenile 0 0 0
Adult 0.316 0.206 0.822 Adult 0 7 1
Seedling Juvenile Adult Seedling luvenile Adult
Seedling 0 0 0 Seedling 0 0 0
BU3  juvenile 0 0.121 0.879 Juvenile 0 0373 0.627
Adult 0 0.121 0.879 Adult 0 0.373 0.627

Figure 11. Sensitivity matrices of 4 populations.
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SC

BU1

BU3

BU3

Figure 12. Elasticity matrices of Sancheong—gun(SC) and MLt.

Seedling
Juvenile

Adult

Seedling
Juvenile

Adult

Seedling
Juvenile

Adult

Seedling
Juvenile

Adult

2017-2018

Seedling Juvenile Adult

0 0 0.074

0.074 0.227 0.025

0 0.100 0.499

Seedling Juvenile Adult
0 0 0

0 0.156 0.047

0 0.047 0.750

Seedling Juvenile Adult

0 0 0.013

0.013 0.101 0.051

0 0.063 0.758

Seedling Juvenile Adult
0 0 0

0 0.086 0.035

0 0.035 0.844

Seedling
Juvenile

Adult

Seedling
Juvenile

Adult

Seedling
Juvenile

Adult

Seedling
Juvenile

Adult

2018-2019
Seedling luvenile Adult
0 0 0.034
0.034 0.300 0.058
0 0.092 0.483
Seedling luvenile Adult
0 0 0
0 0.238 0.107
0 0.107 0.514
Seedling Juvenile Adult
0 0 0
0 0 0
0 0 0.999
Seedling luvenile Adult
0 0 0
0 0.333 0.039
0 0.039

Baekun(BU1, BU2, BU3) populations in 2017—2018 and 2018—-2019.
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39 Bt vEgmt AAA A 2AME FE AATEAAEE
TRt A FggdolA AHEE, A7|EE 717t o sz
AAE(D)S Btk ol e AY T FdstA AT A%
AT (SO o] AHAES] 1.011~1.114=2 <+ AdAsk= Aol Tk
A e 49 Aol BEstE AT staRold 7 ofd &AL
GA F2E (Seedling) ©] 2017 24704, 2018l 13714,
2019l= 2070A17F A AT Bl d A<s70A (Adult) & HE7F

ke
rlo

2 SC—(2) 3hgr BRoA ExF wroldt A7 Be A
Al R Che & 7k Fobob

vl A <70 A (Juvenile) 2 A &3= A= 2017~2018d+= 24704

o

gk

67041 (25%), 2018~20199ell= 137041 & 17041 (8%) 7t
A Ak 2ear 2018 A=A v @A e 6719
S AAES 20199 ZARAM S 4AT BAE S, 2AE

AE oz FAHET A S4% A ASAAY 4%

FAETS 2770 1 &L 2719 uAd s Abgo gl

T3 A 713 T UESeE AR Aol AR Az ehd s
WolAY Abkzl A5 #EE F A tH(Figure 13). vwiid AA
Aol A 1A Ao Ay Au2 SAEZFE AAL
Wt AGHE 180m HE Ao uEetel HEd 7] wiiel
Ao wE Qg 9] ThsAd e Ao Bt Cho et al.(2013) oA
AFE A Po], YEsvuies AAE Jek AR bk 9 e

EdolA A wiEel A Al Egel fAH A et
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Figure 13.Z&Jindhddualxwhose root is exposéd and died in Sancheong

2018).
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Figure 14. Death of individuals due to soil erosion in BU2

population (June 24, 2019).

WAke]l EE F Folx FJEHBUD > 2017~20189
A APEEAY FAE FY" AV dAsAR oot

A gl lojm JAlwre]l gow Id®
A= Aox  FAHJG. T2y 2018~2019d9 AP A

: B

.



1>
i
é
)
[
X,
S
>
oH
ol
oty
)
N
o
&
o
9
)

Mmd QA T Ael(BUL, BU3E A4E Fadelx
AATel F7h mE A g3 202 A%HE oz
AREG o, AR R (seeding) A AAT BARA
e Hebge Awolth. o]gh @ go] A%Ho] F1 Ego]
W S8 Aoty g WAL AAEel £3E et 3%
A sl 5 AATS AN dEeA B 5 vk w8
GEFehe AR gue SEsE AAEY AN 42 ok
FAE BG FEY Edel AN Lolud @S Ae Fae

FAGRY fA, N2e AAAR] A, FoE Ao HE Fof

g
)
it
ne
o
M
1 E
=)
I
iih)
o
=
o
1o
o
(i
o
Ho
)
o
X
sk
¥
30
S

FA A o] HE o] FolX A ofE wl AV|HL BwHAM ol
FAE7] gt HauHY|%E steith(Sayers and Ward, 1966;
Watkinson and Powell, 1993; Weppler et al., 2006).

Choi(2002) 9] YXsvie] FATHAE I W2je] st a4 23
THEA ZA4CA g JRAIZe A7 20~60709]  dhHEsHE
AATLANA = 1~3709] FA@ e N7 wie A4 vebstth 28

of Aot frtkepgol & AAEI vl S ©, W 2L
ol sholrt FYH FANM okt AA BEHo] W Hrim
50 -";rx_-'! 'kl:l' L



Hastgeh fFATggel e AT wnd Fe AAATE
Alaskyls W, T dobEE 77 11%, 12%%  fARsHslARE
fracheddol vt AATNM L] wobst A= ot e Abdehs

= At & Aol Al AR el A FApe A dobet

offl fFl=el WAEA W37 wEel o] Aol A vkd o

Aol ok & 736702 W™l disted e<l A4S @ At

Aot o] ATrelld= 1) R olF dAY AEE, 2) U=
BEA dARE] A, 3) W2 A DR 9, 4) BAE T4
T FEHY o M A 8918 2% HAE AAbsklt 4 A

A =27] S7HES 3t wE BAMEGY Atel| wE #Akel H

HELN7] AEe] el ole g AwkAl AT Fxol gt old=

A3AQ wd Aom oojd 4 vk mA WHe A A

AFAA S HA48= A W EA(in situ conservation) ¥} A A] 9] 2]
Aol AAAE A #FAEke dA 9 Bd(ex  situ
conservation) © % T2 5 Qv AALEHAT= VIS MATE
S7FA17171 918l dupyg @2 AAlsS BEE A AA] (South et al,
2000) Ev= g% Agks olg@A HAd ZdA (Endress et al,
2006;Ticktin, 2004) ¢} 22 4 2 il Aol o] &= gt

= A%l AR shedl, W
51 —'! Q 1]|



EER

Far Qlvk ey

S

5]
o] 71 A

S
pas

<

F &tho

PN
T

H 2 A

R4

d o]

S
ay

A8 (Recovery plan) oA
71 flal ]Hd

°©

b

B
-

Z

0|

22!

i

—_—

—_

0
NI

H

e

hs

Z]

3ttt (Elzinga et al.,

o MATEAAEE 7HLo 7

?l_

Ho

3

o
.

G
J)
—
fife)
o

m

e

HolE = BA

A

PN
T

?l_

&

d

1998). webA 3

k. webd A&Hom Lwsel e

Aol 712k MAF S B el

PN
T

ol
=

Al
=

o ek 4

7o
=0

o

t}

%

X

oF

WA 2]
AFo] 9]

3

o

G H

—_—

0
X

H

"o

M

o

7}

of
il
o
X
ol

e

52



Ql

AE 4

Aravanopoulos, F. A. 2011. Genetic monitoring in natural perennial plant

populations. Botany 89(2):75-81.

Arnaud—Haond, S., Alberto, F., Teixeira, S., Procaccini, G., Serrao, E. A.,
and Duarte, C. M. 2005. Assessing genetic diversity in clonal
organisms: Low diversity or low resolution? Combining power and

cost efficiency in selecting markers. Journal of Heredity,

96(4):434—-440.

Avise, J. C. 2004. Molecular markers, natural history, and evolution (2nd

ed.). Massachusetts: Sinauer Associates.

Bakker, V. J. and Doak, D. F. 2009. Population viability management:
ecological standards to guide adaptive management for rare species.

Frontiers in Ecology and the Environment 7(3):158-165

Brook, B. W., O’ Grady, J. J., Chapman, A. P., Burgman, M. A., Akcakaya,
H. R., and Frankham, R. 2000. Predictive accuracy of population

viability analysis in conservation biology. Nature 404 (6776):385—

387.

Brown, A. H. D. and Briggs, J. D. 1991. Sampling Strategies for Genetic
Variation in Ex Situ Collections of Endangered Plant Species. pp.
99-119. In : Falk, D. A. and Holsinger, K. E. (Eds.). Genetics and
Conservation of Rare Plants. Oxford University Press. New York,

U.S.A.

Buckley, Y. M., Ramula, S., Blomberg, S. P., Burns, J. H., Crone, E. E.,

Ehrlén, J., Knight, T. M., Pichancourt, J. B., Quested, H., and Wardle,

53 ] 8- ‘_]l &l



G. M. 2010. Causes and consequences of variation in plant
population growth rate: a synthesis of matrix population models in a

phylogenetic context. Ecology Letters 13(9):1182-1197.

Burke, J. M., Bulger, M. R., Wesselingh, R. A., and Arnold, M. L. 2000.
Frequency and spatial patterning of clonal reproduction in Louisiana

iris hybrid populations. Evolution 54(1):137-144

Byers, D. L. and Meagher, T. R. 1997. A Comparison of Demographic
Characteristics in a Rare and a Common Species of Eupatorium.

Ecological Applications 7 (2):519-530.

Caswell, H. 1989. Analysis of life table response experiments I.
Decomposition of effects on population growth rate. Ecological

Modelling, 46(3—4):221-237.

Caswell, H. 2001. Matrix Population Models : construction, analysis, and
interpretation. 2nd Ed. Sinauer Associates. Massachusetts, U.S.A.

pp. 72—79.

Chang, C. S., Choi, D. Y., Kim, H., Kim, Y. S., and Park, T. Y. 2007.
Genetic diversity and mating system of the threatened plant
Kirengeshoma palmata (Saxifragaceae) in Korea. Journal of Plant

Research 120(1):149-156.

Chang, C. S., Lee, H. S., Park, T. Y., and Kim, H. 2005. Reconsideration
of rare and endangered plant species in Korea based on the IUCN

Red List Categories. The Korean Journal of Ecology 28(5):305-320.

Charpentier, A. 2001. Consequences of clonal growth for plant mating.

Evolutionary Ecology 15(4-6):521-530.

Cho, S. H., Kim, D. W., Kang, A. H., Jeong, Y. H., Lee, S. J., and Kim, J. S.

54 ".:l:" I 'k|:|- 1—-li .:‘lll.



2013. The Environmental Characteristics and Vegetation Structures
of Kirengeshoma koreana Habitats. Jounal of Korean Forest Society

102(3):446-454.

Cho, Y. C., Kim, H. G., Koo, B. Y., and Shin, J. K. 2019. Dynamics and
viability analysis of transplanted and natural lady’s slipper
(Cypripedium japonicum) populations under habitat management in

South Korea. Restoration Ecology 27 (1):23-30.

Choi, D. Y. 2002. Conservation strategy based on genetic structure and
mating system of rare plants, Kirengeshoma koreana Nakai and
Megaleranthis saniculifolia Ohwi. MS thesis. Seoul National

University, Seoul. (in Korean)

Chung, J. M., Lee, B. C., Kim, J. S., Park, C. W., Chung, M. Y., and Chung,
M. G. 2006. Fine—scale genetic structure among genetic individuals
of the clone—forming monotypic genus Echinosophora koreensis

(Fabaceae). Annals of Botany 98(1):165-173.

Chung, M. Y., Moon, M. O., Lopez—Pujol, J., Chung, J. M., and Chung, M.
G. 2013. Genetic diversity in the two endangered endemic species
Kirengeshoma koreana (Hydrangeaceae) and Parasenecio
pseudotaimingasa (Asteraceae) from Korea: Insights into population
history and implications for conservation. Biochemical Systematics

and Ecology 51:60-69.

Chung, M. Y., Nason, J. D., and Chung, M. G. 2004. Implications of clonal
structure for effective population size and genetic drift in a rare
terrestrial orchid, Cremastra appendiculata. Conservation Biology

18(6):1515-1524.

Crone, E. E., Menges, E. S., Ellis, M. M., Bell, T., Bierzychudek, P.,

55 f—'! ‘“._, ] |



Ehrlén, J., Kaye, T. N., Knight, T. M., Lesica, P., Morris, W. F.,
Oostermeijer, G., Quintana—Ascencio, P. F., Stanley, A., Ticktin, T.,
Valverde, T., and Williams, J. L. 2011. How do plant ecologists use

matrix population models? Ecology Letters 14 (1):1-8.

de Kroon, H., van Groenendael, J., and Ehrlen, J. 2000. Elasticities: A

review of methods and model limitations. Ecology 81(3):607-618.

de Kroon, H., Plaisier, A., van Groenendael, J., and Caswell, H. 1986.
Elasticity: The Relative Contribution of Demographic Parameters to

Population Growth Rate. Ecology 67(5):1427-1431.

Edwards, J. 1984. Spatial Pattern and Clone Structure of the Perennial
Herb, Aralia nudicaulis L. (Araliaceae). Bulletin of the Torrey

Botanical Club 111 (1):28.

Elzinga, C. L., Salzer, D. W., and Willoughby, J. W. 1998. Measuring and
monitoring plant populations. Bureau of Land Management. Denver,

CO. BLM Technical Reference 1730—1. pp. 273—291.

Endress, B. A., Gorchov, D. L., and Berry, E. J. 2006. Sustainability of a
non—timber forest product: Effects of alternative leaf harvest
practices over 6 years on yield and demography of the palm
Chamaedorea radicalis. Forest Ecology and Management 234 (1-

3):181-191.

Escudero, A., Iriondo, J. M., and Torres, M. E. 2003. Spatial analysis of
genetic diversity as a tool for plant conservation. Biological

Conservation 113(3):351-365.

Fischer, M. and van Kleunen, M. 2001. On the evolution of clonal plant

life histories. Evolutionary Ecology 15 (4-6):565-582.

56 ".:l:" I 'k|:|- 1—-li .:‘lll.



Fu, L. G. 1992. Chinese plant red book. Beijing: Science.

Garcia, M. B., Gofii, D., and Guzman, D. 2010. Living at the edge: local
versus positional factors in the long—term population dynamics of an

endangered orchid. Conservation Biology 24(5):1219-1229.

Han, H., Cho, S. H., Song, J. E., Seol, A. R., Chung, H. J., Kim, J. S., and
Chung, J. S. 2014. Assessing the potential suitability of forest
stands as Kirengeshoma koreana habitat using MaxEnt. Landscape

and Ecological Engineering 10(2):339-348.

Harper, J. L. 1977. The Population Biology of Plants. Academic Press.

London, UK.

Heppell, S. S., Caswell, H., and Crowder, L. B. 2000. Life histories and
elasticity patterns: perturbation analysis for species with minimal

demographic data. Ecology 81(3):654-665.

Hong, K. N. and Lee, J. W. 2015. Fine—scale spatial genetic and clonal
structure of Eleutherococcus senticosus populations in South Korea.

Forest Science and Technology 11(3):160-165.

Hwang, H. S., Jeong, S. S., Oh, S. H., Yang, J. C., Jang, K. S., Jang J. W.,
Jeong, S. Y., and Byeon, J. K. 2013. Flora of Mt. Ungseok—bong at
Sancheong—gun, Gyeongsangnam—do, Korea. The Conference of

Korean Institute of Forest Recreation 2013(4):445-447.

TUCN. 2019. The TUCN red list of threatened species. Version 2019—2.

https://www.iucnredlist.org. (2019.07.20).

JUCN Standards and Petitions Subcommittee. 2017. Guidelines for Using

the IUCN Red List Categories and Criteria. Version 13.

Janovsky, Z., Herben, T., and KlimeSova, J. 2017. Accounting for
57 -";rx-l! 'CI:I ; -l_'l: -__.:.I'l

11



clonality in comparative plant demography — growth or reproduction?

Folia Geobotanica 52(3-4):433-442.

Kang, S. H., Kim, G. R., Kim, J. K., Park, S. H., Lee, W. K., and Lee, J. K.
2007. The ecology of Kirengeshoma koreana Nakai (Saxifragaceae),
a rare species in Korea. Korean Journal of Plant Resources

20(1):1-6.

Kim, Y. C., Chae, H. H., Hong, B. R., Oh, H. K., Lee, K. H., and Lee, K. S.
2016. The status of endangered plants distributed in the middle
eastern area of Korea and evaluation of the risk factors. Korean

Journal of Environment and Ecology 30(3):291-307.

Korea National Arboretum. 2008. Rare Plants Data Book in Korea. Korea
National Arboretum. Pocheon, Korea. (in Korean)

Lande, R. 1998. Anthropogenic, ecological and genetic factors in
extinction and conservation. Researches on Population Ecology

40(3):259-269.

Lee, H. J. 2017. Seed germination and clonal structure in the endangered
species of Thuja koraiensis Nakai (MS thesis). Seoul. Seoul

National University. (in Korean)

Lee, T. B. 1980. Illustrated Flora of Korea. Hyang—mun Pub. Co., Seoul,

Korea. (in Korean)

Lefkovitch, L. P. 1965. The study of population growth in organisms

grouped by stages. Biometrics 21(1):1—18.

Linhart, Y. B., Mitton, J. B., Sturgeon, K. B., and Davis, M. L. 1981.
Genetic variation in space and time in a population of ponderosa pine.

Heredity 46(3):407-426.

58 &

| &]

11



Lim, D. O., Choung, H. L., Kim, J. H., Hwang, I. C., Kim, C. H., and Lee, H.
W. 2005. Conservation of an endangered Corylopsis coreana Uyeki
in and ex situ and development of cooperative model within local
community II. Dynamics and distribution characteristics of the
Corylopsis coreana population at Cheongsogol, Sunchon, Cholanam—
do, Korea. Korean Journal of Environment and Ecology 19(3):269-

278.

National Institute of Biological Resources (NIBR). 2012. Red Data Book
of Endangered Vascular Plants in Korea. National Institute of

Biological Resources (NIBR). Incheon, Korea. (in Korean)

Marcante, S., Winkler, E., and Erschbamer, B. 2009. Population dynamics
along a primary succession gradient: do alpine species fit into
demographic succession theory? Annals of Botany 103(7):1129-

1143.

Maughan, P. J., Maroof, M. A. S., and Buss, G. R. 1995. Microsatellite and
amplified sequence length polymorphisms in cultivated and wild

soybean. Genome 38(4):715-723.

Meffe, G. K., and Carroll, C. R. 1997. Principles of Conservation Biology.
2nd Ed. Sinauer Associates. Sunderland, Mass, U.S.A. pp. 217—218.
Menges, E. S. 2000. Population viability analyses in plants: Challenges

and opportunities. Trends in Ecology and Evolution 15(2):51-56.

Ministry of Environment (ME). 2005. The law of preservation of wild

life—endangered of wild life 1, 0. (in Korean)

Morgante, M. and Olivieri, A. M. 1993. PCR—amplified microsatellites as

markers in plant genetics. The Plant Journal 3(1):175-182.

Ohwi, J. 1984. Flora of Japan. Smithsonian Institute. Washington, D.CI.,

59 -':rx-l: _'k.i_ -I-li .-".ll_



U.S.A.

Oostermeijer, J. G. B., Brugman, M. L., de Boer, E. R., and den Nijs, H. C.
M. 1996. Temporal and spatial variation in the demography of
Gentiana pneumonanthe, a rare perennial herb. The Journal of

Ecology 84(2):153.

Oostermeijer, J. G. B., Luijten, S. H., and den Nijs, J. C. M. 2003.
Integrating demographic and genetic approaches in plant

conservation. Biological Conservation 113(3):389-398.

Park, S. K. 2014. A demographic study of a rare and endemic forest herb,
Hanabusaya asiatica Nakai based on transition matrices (MS thesis).

Seoul. Seoul National University. (in Korean)

Pfab, M. F. and Witkowski, E. T. F. 2000. A simple population viability
analysis of the Critically Endangered Euphorbia clivicola R.A. Dyer
under four management scenarios. Biological Conservation

96(3):263-270.

Pi, J. H., Park, J. G., Jung, J. Y., Park, J. S., Suh, G. U., and Son, S. W.
2016. Habitats environmental and population characteristics of Iris
koreana Nakali, a rare and endemic species in Korea. Korean Journal

of Ecology and Environment 49(2):102-109.

Qiu, Y. X., Sun, Y., Zhang, X. P., Lee, J. K., Fu, C. X., and Comes, H. P.
2009. Molecular phylogeography of East Asian Kirengeshoma
(Hydrangeaceae) in relation to Quaternary climate change and

landbridge configurations. New Phytologist 183(2):480-495.

Rossetto, M., Gross, C. L., Jones, R., and Hunter, J. 2004. The impact of
clonality on an endangered tree (Elaeocarpus williamsianus) in a

fragmented rainforest. Biological Conservation 117 (1):33-39.

60 J’A “i 1_]|



Sayers, R. L. and Ward, R. T. 1966. Germination responses in alpine

species. Botanical Gazette 127(1):11-16.

Shaffer, M. L. 1981. Minimum Population Sizes for Species Conservation.

BioScience 31(2):131-134.

Shea, K. and Kelly, D. 1998. Estimating biocontrol agent impact with
matrix models: Carduus nutans in New Zealand. Ecological

Applications 8(3):824-832.

Silander, J. A. 1979. Microevolution and clone structure in Spartina

patens. Science 203(4381):658-660.

Silvertown, J., Franco, M., Pisanty, 1., and Mendoza, A. 1993.
Comparative plant demography —relative importance of life—cycle
components to the finite rate of increase in woody and herbaceous

perennials. The Journal of Ecology 81(3):465-476.

Sipes, S. D. and Tepedino, V. J. 1995. Reproductive biology of the rare
orchid, Spiranthes diluvialis: breeding system, pollination, and

implications for conservation. Conservation Biology 9(4):929-938.

Solbrig, O. T., Newell, S. J., and Kincaid, D. T. 1980. The population
biology of the genus Viola: I. The demography of Viola Sororia. The

Journal of Ecology 68(2):521-546.

Soulé, M. E. and Simberloff, D. 1986. What do genetics and ecology tell
us about the design of nature reserves? Biological Conservation

35(1):19-40.

Stenberg, P., Lundmark, M., and Saura, A. 2003. MLGsim: A program for
detecting clones using a simulation approach. Molecular Ecology

Notes 3(2):329-331.

61 J'A! _CI:I_ 1_-_]5 =]

1V



Sun, Y., Fu, C. X., and Qiu, Y. X. 2010. Development, characterization,
and transferability of microsatellite markers for Kirengeshoma
palmata (Hydrangeaceae). American Journal of Botany 97 (6) :e4 8-

ebl.

Suzuki, J. I., Herben, T., Krahulec, F., and Hara, T. 1999. Size and spatial
pattern of Festuca rubra genets in a mountain grassland: its
relevance to genet establishment and dynamics. Journal of Ecology

87(6):942-954.

Sydes, M. A. and Peakall, R. 1998. Extensive clonality in the endangered
shrub Haloragodendron lucasii (Haloragaceae) revealed by

allozymes and RAPDs. Molecular Ecology 7(1):87-93.

Tokushima Committee for Endangered Species Conservation. 2010.
Conservation and Management Manual for Endangered Species
Conservation in Tokushima. Tokushima city museum. Tokushima,

Japan. (in Japanese)

Torimaru, T. and Tomaru, N. 2005. Fine—scale clonal structure and
diversity within patches of a clone—forming dioecious shrub, Ilex

leucoclada (Aquifoliaceae). Annals of Botany 95(2):295-304.

Ticktin, T. 2004. The ecological implications of harvesting non—timber

forest products. Journal of Applied Ecology 41(1):11-21.

Watkinson, A. R. and Powell, J. C. 1993. Seedling recruitment and the
maintenance of clonal diversity in plant populations—a computer
simulation of Ranunculus repens. The Journal of Ecology

81(4):707-717.

Weppler, T., Stoll, P., and Stdcklin, J. 2006. The relative importance of

sexual and clonal reproduction for population growth in the 1ongl— _ -
a2 1] 2] 3



lived alpine plant Geum reptans. Journal of Ecology 94 (4):869-8709.

Whitford, P. B. 1949. Distribution of woodland plants in relation to

succession and clonal growth. Ecology 30(2):199-208.

Wright, S. 1965. The interpretation of population structure by F-

statistics with special regard to systems of mating. Evolution

19(3):395.

Xie, Z. W., Lu, Y. Q., Ge, S., Hong, D. Y., and Li, F. Z. 2001. Clonality in
wild rice (Oryza rufipogon, Poaceae) and its implications for

conservation management. American Journal of Botany 88(6):1058-

1064.

Yamashiro, K. 2008. Genetic diversity and speciation of Kirengeshoma
palmata (Saxifragaceae). Awa Society Bulletin (f 2 Saf5ef05E) 54:

45—-48. (in Japanese)

Yuan, N., Sun, Y., Comes, H. P., Fu, C. X., and Qiu, Y. X. 2014.
Understanding population structure and historical demography in a
conservation context: Population genetics of the endangered
Kirengeshoma palmata (Hydrangeaceae). American Journal of

Botany 101(3):521-529.

Zhang, X. P., L1, X. H., and Qiu, Y. X. 2006. Genetic diversity of the
endangered species Kirengeshoma palmata (Saxifragaceae) in China.

Biochemical Systematics and Ecology 34 (1):38-47.

63 J'A! _CI:I_ 1_-_]5 =]



Abstract

A conservation study of
Kirengeshoma palmata Yatabe
in Korea using population viability

analysis

Shin Young Kwon
Forest Environmental Science
Department of Forest Science

The Graduate School

Seoul National University

Kirengeshoma palmata Yatabe is a Hydrangeaceae perennial
herb native to the valleys of East Asia. The Red List of the
International Union for Conservation of Nature IUCN) is
classified as Endangered B2ab(ii, iii, v). Genetic monitoring to
evaluate the current status of genetic resources and demographic

monitoring studies are currently underway for the conservation of
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rare plants worldwide. One of the effective quantitative analysis
methods is Population viability analysis (PVA). In this study,
clonal structure analysis was performed on a native population of
Baekun Mountain. Population growth rate of each population at Mt.
Baekun and Ungseokbong, Sancheong—gun was obtained by
creating a projection matrix for each group. The microsatellite
analysis of 23 samples of 10m? squares near the valley of Mt.
Baekun revealed that these individuals were composed of 19
genotypes, and genotypes were classified into one dense clump.
Population vitality analysis showed that the four groups were
expected to decrease (A=0.929), maintain (A=1), and grow
(A=1.114), respectively. However, populations that maintain and
grow are also very vulnerable to external factors from a long—
term perspective. Elasticity analysis of the projection matrices
showed that the retention rate of mature individuals was the most
significant factor in population size in all four populations. For an
effective conservation strategy, it will be necessary to carry out
population viability analysis based on long—term monitoring data

and comparisons of clonal structures in populations.

Keywords : Kirengeshoma palmata, endangered plant, clonal
structure, microsatellite marker, demographic study, population
viability analysis
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