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qEe dunon Aud Asld gt AHon Ay B
& Zr=t(Hutchinson, 1957; Holt and Keitt, 2005). = A3} tj
AEe Amol Afrstar s AHA A fldd we 5A-AQ &
= YEH @A Exs7|E st F2 ExWeE dERY
(Grime, 1977; Dupré and Ehrlén, 2002; Grime, 2002; Pearman et al.,
2007). A2lAel &3] ol 54 AgHE Ao AFsi= Bg
8] A A &% (Rare species)©]gta 3THKFRI, 1996).

1975 EES 7l AR ofAdE- A= =AIAG #E HoF

(Conservation on International Trade in Endangered Species of Wild

4z M
M o
lo Ho

% Ho
ofk

o

HoH

s

TR

Fauna and Flora; CITES)e] W& ¥ 5 Al A ® <A (International
Union for Conservation of Nature; IUCN)®] Red List 7|44 5 A
=5 g 93 A4S Y EEo] s low AANETY
dol HAagtel wep EEL VIO A Fo] HEo] HA T 9
t}H(Lee and Choi, 2006, Swarts and Dixon, 2009).

HAS HH0= o= Fo iAfg 4L oldstr] fsics AEH
ol FUHYE E3 AL TEHE ddodl:= AL F 23 (Crawley
and Ross, 1990; Kim et al 2016). BE9 7] A3 oA &S A&
of ey Agete] A FHE UEW=AE #Estal o]t
= AL Fast vhdd AEY JHAT FEHE detetes A fA &
t(Harper, 1977, Crawley and Ross, 1990; Jules, 1998; O'Grady et al,
2004). webA AT sEjel] #gk APAT = A #HS ddA
= oldAd AHEE tder 3 AT FH A7 diEEolt
(Falinska, 1977, Harper, 1977; Crawley and Ross, 1990; Petru, 2005;
Kim et al 2016).
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B3 U Cypripedium)Z &S A AAA 2R 409 Fe] Ao,
o] T EBFHYWH(C macranthos Sw.)< 3= a5 B Ao} U
sH ol i 7N FHKNA,

Zskal 9ltH(Cash, 1991). 7l F4 55
2017)°l oot vl A HFHUdEE AE
HU(C agnicapitatum Y.N.Lee,), =#EFHUH(C calceolus L.),
g8 YeHC guttatum Sw.), 35 27%%(C. japonicum Thunb.),
FHYUH(C  macranthos  Sw.), AHAEFHUY(C  shanxiense
S.C.Chen), €XA7|&FMY & (Cypripedium Xventricosum Sw.) 5 7%
axe] gl
T e eAE A #3A 2 JhAT 5P et
al, 2015)°] wHet FEHATE FHFEHAA 8d%H2014-2021) 47) ¢
AR S oz BT %3] ek Demographic monitoring= 2 A
gk HolHE &&3to] MATY A} Fofstal JHAT Y TEek 54

2 zAbRASe] GF BTAPT /AN RAAY £Yol B
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Hx3 AEE o dddeitolydt vke vdEAd Ul
(endopytes) = A2 &t} (Currah et al, 1997). 35 73% =
ATt 5A4S 7 lew, Sim (2010)°1 93k &5
Hug oo gdE et 54 ATl £H AANA R
Wit 3t Tulasnellaceaed] 43t o2 YEMY Tulasnellaceaett £ ©]
BEruyasd T3 AetA 2 s o] vk (Shefferson et al, 2005;
2007) = A2 Xty w3k, w FFede] e WA
of et AT(Lee, 2013)ol A EZH I FHA AYg BT a7HolA

2 Leptodontidium orchidicola <+ 3A =ul H|7|5F0]
Geomyces vinaceus©] 1 t}.

BS54 ELS v 1424 E(non-rewarding plant)Z Sun et al. (2009)

of ofebdl FEH=7E 20039l 5.2%, 2004»3_011 77%% Ao A
Algo] o Ao g e AotE FEuNEL Yoo w FAs= 3

&)

gyAel wifEor HHI FHgH<E Bombus (Thoracobombus)
remotus®t B. (Tricornibombus) imitator Pittioni F+ %< 5313
w3t wj7fA 2k A ¥ (Bagged flowers)S 53 F5 8

(autogamy)e| =H#| &= Za W W Tl wi7iFol ¥ A5 (Nam

et al, 2014; Sim, 2016)dA%E ZHI} FHgWHE S (Bombus

dES AT

ignitus Smith)°] T8 Fi& /Al Aoz #AZAFHJY, o|utd FF
Q7% BHEg ggst AdEo] APHJq=d diFEo] AAA A
3 AEAe #HEH =% (Park and Kim, 1995; Seo et al, 2011)3}

AthekA (Tian et al, 2018)0] &3+ =F o]},
Htel 5o 5 88FE MAT 54 AT B A AA wE
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SH AT (Pi et al.,, 2015; Cho et al, 2018)% ©] A= Ao
29 Il FFolA e AT EFAge gnlsk AT A

H oot & v xATE AAHA &G Aot
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mAs 2 44

#5274 Z (Cypripedium  japonicum Thunb.)> 1931\ 35 %ol A
Hzx gAHNer 2, 3, =4, 7HE, ¥, 95, FF 5 7 A
H4 QUHKNA, 2014). F2 o] &
ool R T, B, FIovt A= FolAlol BEAXE
(Endemic plant)o]™, IUCN A &= H717]|5 verd.lol 98] A+
9171 (Endangered; EN)2. 2 H7}¥ 3] 7] 2} & o] th(Rankou, 2014).
MZ =& HEE$7]%(Critical Endangered; CR), d&E& FHokx
(Vulnerable; VU) (KNA, 2012; Biodiversity center of Japan, 2020)<
2 grhskal Atk o] 30-40cm BER At w&HE7|7F dow W
. updof A BElE Wtk X Fo] 10-20cmol] @3t 2> F7]9 27
7h g s A e FFo] AUtk 4-58d =7 Eoll FHYREY

sAglo] e HF2MoR sty ofglE g EelH, 6-7

o]l 1 BLaE Y drfj= A3E 9 =rHKNA, 2012, Fig. 1).

Fig. 1. Flower (left) and leaf (right) of Cypripedium japonium Thunb.
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© d7e Be ez ABAR Ly TR A9 T AeE 3
Al(38°10" N, 127°49" E), =3 A1(37°59" N, 127°37" E), A71%= FEXA]|
(37°49' N, 127°10" E), debd & F ¢ (35°05" N, 127°37" E) 43l A
A st AT (Table 1, Fig. 3). 2014958 20213 7bA] wid 7Rsk A7)

5¢ T A4 #]lo] rbedt 7d x5 23] H2AH F3eArh. 54

of\
o
BN
>
2,
RS
=
2~
AN
o
=)
o
BN
>
=
oy
:10
4
0
B
o
B
&
BN
>
2,
iy,
>,

e AT ZF A9 2ARA Y 1k BAE A EEE S
AABA el A olm] AREHE glo] B AFel A= Al9]eta
A ATHPI et al, 2015).

AP A 430 B AR A o] AAEoglE Lol Ao
H2 7] g8 AAe #ert ol Foxu(Fig. 2). 9A Exo A5
AR ol EFTH stE2 A A7t 2009 2 2013 F Wl HAA o
Folxom e 20099 wEFS BT AAStE e hdo] 13
ol FojAth FdH} XS EUHEY 7IZF olgox= ofwdk 19H <
el o] FojA A ettt
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Table 1. Site description of the study C. japonicum.

Site Location GPS coordinate

D ocatio N E

PC Mameyeong-ri, Pocheon, . 37°49" " 127°10' . "
Naechon-myeon, Gyeonggi-do - -

GY DOHggOk-I'l, .Okryong'myeona 35°05' . " 127°37' . "
Gwangyang-si, Jeollanam-do - -

HC Dongchon-ri, Hwacheon-eup, 38°10' . " 127°49' "
Gangwon-do - -
Wonpyeong-ri, Sabuk-myeon, ocar ommr

cC Chuncheon, Gangwon-do 3759 12737

(A) (B)

D SO >
X0
m ) ¥

Fig. 2. Survey site in each area. (A):PC (B):Y (C):HC (D):CC
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T
130°0"0.0"

@ Distribution history

T T
N 126°0°0.0" 128°0'0.0"
A
L 18c070.0""
38°0 ﬂ'ﬁt?
‘6—
- 36°0"0.0""
R
¢
- 34°0"0.0"" 3
T T
131°0'0.0"" 132°0'0.0"
@ a
10 0 10 km
- 37°0'0.0" LI
- 32°0'0.0"
* Monitoring sites 50 0 50 km

Fig. 3. Distribution map of C. japonicum from natural habitats in Korea

(% : monitoring sites, @: distribution history).
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3. Demographic monitoring

P2 Q7 AT Ay wE BRSS9 4aM(EA, FH, =H,
FoF) A Aol A Demographic monitoringS 33ttt F2 Q72
M AT GAHAS FAo st Aow LEA QoW (Sun et dl,

2009; Qian et al, 2014), A8t G5 AHgstA votstr] FE
AR 7] 5 MASFE 7H-sta 2AME 27 5 5 OASs
2 FdstAT AR A Edete e FS5oEY SV HEde
2 W d(er), WA (number of stem), 73} 7HA(flowering
number of stem), 24 7§A4=(fruiting number of stem), 7HA¥E A<
4 & wHEHo R SASAH(Fig. 4). thrb 2014 3%y 20174
B o] MasA eeka 20143 2H-2 AT A8t A
= e s JhAE dEd

i
-

AE FastRon. Al dHA SHE T3l 27] ¥ *é%}%ﬁlw—
oAt Al JRA Foll ol& AL 277 Sk A (EA
o2 yUFdoen, 2014

(100%)< 7|5 07 72t A9 AT =75S sty

\/

—‘T‘—‘l
o|\
N
N
o
i
T
f
ol
ol
rir
N,
L
of
o2
ot
[T
A
r\_‘:,
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Fig. 4. Measure the leaf area of all individuals in the surey area.
(A): leaf width, (B): leaf length
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4. WA+ stage-structure E4 = W

o

b/

&= F (biospecies) AT A& 32+ fd 9 A 2 A&
Q20lth 47) A e AT
Tx H WS geks fs AMAE A dAE RS e
A3 AsHE & #hoto]l BVl ol & B ATelA s 27FA W
Jativt. WA, JHAE 7H

3HAE 3k o™ (Fig. 5),
Z (leaf width)o] 4% (leaf length)®E.t} Z a1 G % (leaf area)e] 150ci
olgtel HAIE ol 7fAI(Seedling), HFol FdrTt HAA T 7|3t s}A]
N1AE "< 7 (Juvenile), % ©] o Za Jhskgk hA)
A NA (Adult) 2 Adetdeh bgrt B35 84S oA S A
FAHA S FAlo 3= A(Sun et al, 2009; Qian et al., 2014) .2 <&
HA Qo] oz FESE ofd A (seedling)d] A-F FTAF HolE E3

x

&2
|
N

Y AAYRRS ouaAs Fev dREHE ZE fAe dE3
I =A5}o] HZ S AEdgon o 7|Fo 7 gUARE T
o

Oé]] =1
2 NEstgth gEAe U9 FH@H U BH(HS 0emBs
=
=

o] &3l Imme7FA Z=Asto] A2 tHFig. 4).

g

Leaf area(cn) = %X EX T
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(A) (B) (C)

Fig. 5. (A): seedling, (B): juvenile, (C): adlut stage classification for
criteria.
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5. AT BEY &4

RUHHE S &3] &g A HEE SR F5edtEe 4949
# = (extinction risk)E dSF3st7] &l B FAZEZIY R ver
3628 @83t Count-base Population Viability Analysis(PVA)<]
Density-Independents model= A-&3slA . 20213 A MAFE 7+

o2 AT A77F 10%E cEASA MAT=E At Aod 3
J o

d
T2 e MALY AFES ey fE wol ZEH 9l

(Morris et al, 2002). WA AHENE ol ¢} 72t}

—

i

A =N, 1/N,

o 7| Nt= td=ol F587%% /MA+E Uehdo. /AT B E
(N9 7138F4 it (Geometric mean) 2.2 A A AE A\ FE4 &
% A A& (stochastically varying growth rates)e] WAt A& &
1t (average volue of the poppulation growth)< WEFATHMorris and
Doak, 2002). &&4 /MAx 44 pe obder 2o

p =logh= (log\, +log\,_; +log\ _,+...+logh; +log\, +1og\, )/t

G54 MAT ()] AR Aol mE Wt v gAY Ak
o’ o2 YERfIL, loghgte #Aatel 98 #He 73§ H(Morris
and Doak, 2002). A%t A37F p >0 o]al A\g > 1 & o A+ A
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o

5|\

UEMHIAL, p <0 °ola A <1 o wf /A HE
Ela=
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Table 2. Population status of C. japonicum in Korea.

Survey Location No. of No. of
year ID individuals Flowering
2021 PC 277 130
2021 HC1 18 5
2008" HC2 29 13
Natural 2021 CC 55 6
habitat 2021 GP 263 87
20207 MJ 200 -
2020 YD 119 -
2021 GY 18 0
ex-situ 2020 PC 381 165
Conservatlon 2020*** HC 3000 _
Estimated
population 4,360 406
size

PC: Pochoen, HC: Hwacheon, CC: Chuncheon, GP: Gapyeong, M]J: Muju, YD:
Yeongdong, GY: Gwangyang

* Report on the growth and restoration of endangered species C. japonicum
and C guttatum and habitat conservation technology development
(Ministry of Environment, 2010).

#x 2020 park resources survey report in Deogyusan National Park (Plant
conservation center of Korea national park research institute, 2020).

wkkex situ conservation
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2. Demographic monitoring

H

21 9493 £ 2 ¥HF 94

20143 F-E] 2021714 43k9] A A oA A E
FE5RFELS o 685%7F FH A o] 200-400crel dFEE= AT B
et ATk et 20149 3 2017 4709 A

HGSn gl E£ho] A9He] 4SAY B3

7 Ao Axw  PEgwWde  THR59.3-35150m), A

ar), #F%1(238.1-314.0cnf), F+3(201.7-312.5¢cm) &2 U EFSE T

N
N
N
N
Lo
N
r 18 o
i3
EL
4
RS
4,

=
ol
rE
X o
rl
AW
o
AW
N
&'O
Sa )
o
BN
>,
N
e
offt
g~
AN
o
e’
o
o -
Fo
o3
Pl
o
B

rlo
(\)
O
—
O
L
N
R
2,
>
AN
o
ok
w
o0
aQ

‘EN
BN
=
RS

o A =43t 681.9cr %) oH(Fig. 7).
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muEgoe] Fad 4] A9 AATel AA 5 wae 47 g2 @
e welFa guh. LA A% 20149 64AA7 PR o)
Az AA b Soly 20219 277AAHE 8y

s F
432.81% =78t tH(Table 3, Fig. 8). W3 /HA 4 9A

QH
2
2
>

342.11% Z7beke] b 2 Ze wmEo] gAHACH The MA@l 1)
d oleld A AT FAF A £ 2 A 5 WELS 200097

2001; Cho et al, 2019)9F ¥4 ZHAe] A 2009'd 2 2013l ofal
=35 4 85 A4S Arse #eEl 2%5(Cho et al, 2019)°] IF
o= jAl &7 ok AsHEe] wE58] Wwe] opyld Aew AW ¢
itk elell s A 20149 1270A7F BEHA oW 2021 150%
S/ AR 25 SUbeslth BEE 2AAY T 7 A JRA
T A71E dERleH, 2014958 201797k g A2 o] e st
MAZE FAHA F& FLF Aot Fakol 7HE Fe AMATE
FA4sta AE ol FE Pioer al, (20159 = dMEFEe e A
A B dFgE we Aor FAAN Ak vk sk, 4 A
A WA G S7F B gHarE i)
o] 2014 din] 2021 ZH7F 64.29%, 73.33%71A]
B

b~

o

b~

il

i

o
Lo X
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Table 3. Annual increase or decrease in the number of individual C* japonicum. Parentheses indicate the
rate of increase or decrease in the number of individuals based on C* japonicum in 2014.

Year
Site
D
2014 2015 2016 2017 2018 2019 2020 2021
pC 64 92 126 142 158 209 183 277
(100-00) (143.75) (196.87) (218.75) (246.87) (326.56) (285.93) (432.81) |
N
oy 12 5 7 7 10 9 15 18 -’
(100.00)  (41.67)  (58-33)  (58.33)  (83.33)  (75.00)  (125.00) (150.00) -
O
He 28 33 22 26 35 26 23 18 ©
(100-00) (117-85)  (78.57)  (92.85)  (125.00)  (92.85)  (82.14)  (64.29) m
S
cc 75 94 85 95 102 92 88 55 i,
(100-00)  (125.33) (113.33) (126.67) (136.00) (122.67) (117.33)  (73.33) _,m
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Table 4. Annual fruiting rate according to flowering and fruiting

of C.

Jjaponicum.
Year
2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
Flowering 43 55 82 90 99 149 91 130
PC Fruiting 4 9 - - - 2 7 5
Fruit rate
%) 9.3 16.4 - - - 1.3 7.7 3.8
Flowering 0 0 0 0 1 2 2 0
GY Fruiting 0 0 0 0 0 0 0 0
Fruit rate
(%) 0 0 0 0 0 0 0 0
Flowering 4 8 6 7 11 6 5 5
HC Fruiting 0 5 0 0 - 1 1 3
Fruit rate
%) 0 62.5 0 0 - 16.7 20 60
Flowering 36 38 26 29 24 30 20 6
CC Fruiting 13 17 2 - - 9 9 0
Fruit rate
%) 36.1 | 447 7.7 - - 30 45 0
Total 14.1%
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Fig.

10. Stage structure analysis of C. japonicum according to the annual
maturity stage (left) and annual leaf area (right) of the study
site.(S;:  0-100cm, S,: 100-200cm, J;: 200-300cw, J: 300-400cr,
Aj: 400-500cm, Ay: 500cm <)
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MATE F+F2E BA3 stage-structure 5 GAF | wat AR
TS 242k @Al st AENAl Y] HlES e 1 A
4719 Aol A= b ¢S HYtHTable 5).
HA 2ol A S AsAATE glo] 0.00%6%9 o™, S, 21.57%, Ji
2 54.14%, Jox= 61.74%, A1 A, Z+7E 70.81%, 77,718% 0.2 7ZF T
H JREtEo] A7) A T 7HE A dEwd B3 dAVE dsdeE
NsthA o] vl &o] =& RS A

FEE S, Sy N1 9A BT RSNAZE A s A k. o= ShA
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olgl ol o AL 77 0.00%, 4.76%, 12.66%, 47.73%, 66.67%,
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53.55%, 65.91%, 72.73% = YEFSTH(Fig. 11).

A7) A BT SiellA AR AeE, S dUA o] §eTs st
Hl&o] EolAe s & F Ut vrt @A A A gEE A
F}ES ta Zol7t e o

wow = YEETh

- 31 -
Collection @ cnu



Table 5. Flowering rate for each stage according to leaf area stage-structure.

(S;: 0-100cm, S,: 100-200cm, Ji: 200-300cm, J: 300-400cm, A;:
400-500crt, A,: 500cr <)
Year
Site ID
S1 Sz J1 Jz Al A2
PC 0.00 21.57 54.14 61.74 70.81 77.78
GY 0.00 0.00 0.00 4.17 15.38 33.33
HC 0.00 4.76 12.66 47.73 66.67 71.43
CC 0.00 8.85 28.38 53.55 65.91 72.73
90.00
80.00 -
70.00 -
& s000 -
g
w 5000 -
E
g 40.00 -
2 3000 -
2000 -
10.00 -
0.00

Fig. 11. Flowering rate for each stage according to leaf area.
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Table 6. Estimated extinction risk for each population site of C. japonicum
over the next 500 years.

Extinction Risk

Sﬁt)e after 100 after 200 after 300 after 400 after 500
years years years years years
PC 00.00 00.00 00.00 00.00 00.00
GY 53.95 57.58 59.16 59.75 60.06
HC 96.90 99.90 99.99 99.99 99.99
CcC 56.26 65.97 70.39 73.04 74.83
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ABSTRACT*

Stage Structure and Population Persistence of Cypripedium

Japonicum Thunb., a Rare and Endangered Plants

Lee Dong hyoung

Department of Forest Resources, Graduate School
Chungnam National University

Daejeon, Republic of Korea

(Supervised by Professor Byung Bae Park)

Cypripedium japonicum Thunb. is an endemic plant in East Asia,
distributed only in Korea, China, and Japan. At the global level, the
IUCN Red List evaluates it as "Endangered Species (EN),” and at
the national level in Korea, it is evaluated as "Critically Endangered
Species (CR).” In this study, we investigated the characteristics of

the age structure and the sustainability of the population based on

¥ A thesis submitted to the committee of Graduate School, Chungnam National
University in a partial fulfillment of the requirements for the degree of Master of
Agricultural Science conferred in February 2022.
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the data obtained by demographic monitoring conducted for eight
yvears 1n the natural habitat. C. japonicum habitats were observed in
7 regions of Korea (Pochoen, Gapyeong, Hwacheon, Chuncheon,
Yeongdong, Muju, Gwangyang), and 4,356 individuals in 15
subpopulations were 1dentified. The population size and structure
differed from region to region, and artificial management had a very
important effect on the size and structural change of the population.

Population viability analysis (PVA) based on changes in the number
of individuals of C. japonicum showed a very diverse tendency by
region. And the probability of population extinction in the next 100
years was 0.00% for Pocheon, 53.95% for Gwangyang, 56.26% for
Chuncheon, and 96.90% for Hwacheon. Since the above monitored
study sites were located within the conservation shelters, which
restricted access by humans, unauthorized collection of C. japonicum,
the biggest threat to the species, was not reflected in the individual

viability. So, the risk of extinction in Korea is expected to be
significantly higher than that estimated in this study. Therefore, it is
necessary to reflect population information in several regions that
may represent various threats to determine the extinction risk of the
C. japonicum population objectively. In the future, we should expand
the demographic monitoring of the C. japonicum population known in

Korea.
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