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ABSTRACT

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 the data obtained by demographic
monitoring conducted for seven years in 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 identified. 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, 10.90% for Gwangyang, 24.05% for Chuncheon, and 79.50% 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.

KEY WORDS: DEMOGRAPHIC MONITORING, ENDEMIC PLANT IN EAST ASIA, IN SITU
CONSERVATION, POPULATION SIZE AND STRUCTURE, VIABILITY ANALYSIS
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Az gejA Aglol Wt % vlele] S4B 53
olyf & 71 At Grime, 1977; KFRI, 1996; Dupré and
Ehrlén, 2002; Grime, 2002; Pearman et al,, 2008). QW4 S
2 A% Ao AlgtH o m FastAL, A4 Ee QL9
2 Q20] s At 7] E 7ol A&sliA] axstal
e I H BEFRIAESY A, o AEET B B
BE Yl did ez 24 =& E 4 UtkSon et al,
2013). Teh] o] 2L Alo|He] A3 AL 7]
a7] Sla choke WSk Aol Wasit AEe @
W BAE 50 YA AdlRe] 448 Aetel olafoie
AEE ARLEH, ol flsixl= ZHAITE Hate] et A7]4
9l YUY =7 FelRe) Fastc(Davy and Jefferies,
1981; Crawley, 1990; Marsh et al, 2008). 3}A]9F HUE %>
W2 A7H o] utEE At 5o R Fugh AR
FRlolle B Alofo] wEtHMarsh er al, 2008). Z1# o] %=
Etekal ohekRt A1) BA 7S HAIE EE olsfoll
71ofok= HUER A7h Bade] A2k Akl 7R /-85t
th= Z& AARSEAL QItDavy and Jefferies, 1981). LU E]

], /WA EA8H4 (demographic) HLS A&

SEEE
% =

= B

NAES] AAE(growth rate)T} AE-E(viability), 7|
(life expectancy) ¥ HZE 7|-5-A)(probabilities of extinction)
5 ot 24 7S stof siE AlE AT SH
A s 23 oSS FIAT7IAL SAlOl flEE= A
o] ARl B Hef JE S A5tttk Lauenroth and
Adler, 2008; McCaffery et al, 2014). Z1&jL} 7JA|ZA5H4]
ARE Hgo R 43 W JiA FH Ats AL
A dUA B oldd AES e o|fA gttt
(Harper, 1977; Crawley, 1990; Falinska, 1997; Jules, 1998;
O’Grady et al., 2004; Petrti, 2005).

2 3K(Orchidaceae)+= 280000152 = FH3A]E(flowering
plant)oll A 7Hg 2 IH(family)Z shpolw, FAJof theFst
TR A el Qs A1 R Al BR
Fol SPU7|E Shth(Fay, 2018). web 2 2% 2 A
of thgt 85t7} vl om, Thefeh AlEof gt RS
o} A7t = o] ftk(Fay, 2018). SHAIRE 2 AE
= o= ot /WA SAIR 2 FH A - Al
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olct.

35 Q 7Y E(Cypripedium japonicum Thunb.)-& G231}
(Orchidaceae)ol| &5h= thd A AlE& gk, Y&, S
Y= FofAloF EAMAEOITHPI ef al., 2015). -2y}
oAM= FawelA 2z HdEo] dEFon, 3k, &4,
71, o1, 4, 9, TS SAA AYsHE AR V]
=0} QITHKNA, 2014). sHARE =} 7§ =71 w9~ A
gHAo|aL Hto] apHBtE| o] glom, 58] £} 9] P
7} Bolstal ofgthe] dlof o3t AL} AR flkzo]
o] FoA JATHPi et al., 2015). o]t o|F-= oA =
HA HEFog XAEO Q7= FHH(KNA, 2012;
Ministry of Environment, 2021), &3] IUCN ZMEZ 7|
F(ver 3.1)0f| &Jgt H7t HFo A= A oAM= 9171
(Endangered, EN), =7} =Fo)A= HZE$]7](Critically
Endangered, CR)Z H7}%]7] %= SFCHKNA, 2008; Ministry
of Environment, 2012; Rankou, 2014). 35 Q 7222 t}oF
gk HAYESE A7F 3 vE glom, dubdow vz
I} AEoflA] wol A=Al Sl S ot B o ERHA|
3t AK(Sim et al., 2010; Bae et al., 2012; Lee et al.,
2015)9t tEo] 45 wj7fgoll thgt A-HSun er al., 2009;
Nam et al., 2014; Sim et al., 2016), AHAYX|9] 374 9 A&
Aro] st AEH(Park and Kim, 1995; Seo et al., 2011),
42 EA 9 kA tigt A4(Chung et al., 2009; Kim
et al., 2015; Tian et al., 2018) o] A=t sFA Tt
AR Y] A7) U ES F3 3587 AT ke
golut FEfell EeE A= YR AR E R 3
AH|(Cho et al., 2019)F A|&stH Al ZolE 4= gltt

weba], & At v RS 39 H EE9)7]
AlE}l BT ARl HAS S8 At E |zt
53l 7| A& AIBH2] (demographic) BUE ] A2 HIE
o2 AT 544 E HskeHE whelshar aaA <l JiAI
B 9 e kol dfsto] =skarat it

ab
1. JHHIE A8t (demographic) 2L|E{2!

B 87FE WA A7) Wt B fal 47 AHEA]
(EA, A, 24, BDE ez A &7 5 2
S stk BERYEE G NS
FAY = Ao E AdHA ) Oo(Sun ef al., 2009; Qian
et al., 2014), Asp79| {25 HglstA| uetstr] 3o
AL &7 75 7HA 2 7Hsktk el s 7] &
5 WA = R RUEES 201483 AJAo R

ol ZHst Al7]Q1 59 Feah A4l ERlo] 7hedt 7Y 4,
23o] AA e glon, 2t Aol E8shs 2 N
A2 srelsta, A3t AH < 24 QA 2 =2 ghorstdd

7] 8 4% BAE ek
2. HHIZ HZE S U W

B (biospecies) A7) AY T2E Y F 2
2SS G5 5 Y wiS F88 AE 8k
YSRYE 47) A ARE T U Hsjepy sk}
A3l AAE A dAE RS T et A
A A FEle} QLA ekom, A i sjet
| 8Pt o2 B ATelAt 27kA goR 4%
SAE FESIAL WA 25 A WA, AAE
Aok gt Qol e W 2710 wel AR PRk
™, %Z(leaf width)o] J7H(leaf length) .o} B3 =]
(leaf area)©] 150cr °]5}2] /|AS o]el 7} H|(Seedling), &
o] FE AR A5t 642 =2 JNAIE wids A
(Juvenile), o] Gt A Zf3lst /HAE A<70A)
(Adul) 2 Frdsioich ol G5 R 7022 g7 YA
I GAAHALE FAof 3= Z(Sun et al., 2009; Qian et
al, 201402 LA Slo] ez FEIE o A
(seedling) 9] 7~ T2 HolE Fafl FAH4H AYE W&

= geth WEEE 2E A Y 95 9
S7sto] QHAS AEsialon, olF 7|EoRE 6HA =

&

|

N
.ﬂrO}C 0_2;4

o

e o

o

Leaf area(ar) = %X §><7r

Z29] HH ¥ T (extinction risk)E o|=35}7] Y3l Count-
base Population Viability Analysis(PVA)<2] Density-Independents
model-& 2-§-3515th. o] HEll2 FA|EO] 2|&Adol Fk
T ST AT $4 T Be 28] 7R ew
WA o> Wstol] s23tE|ojqieh= 7S dkal §lom(Morris
and Dodk, 2002), %2 A2 A2 144 2 8% S
£ gobslr] ¢Jaf wol &85 i Morris et al., 2002).
EAZZ W R ver. 3.6.25 &85} 20208 A A
A7E 7oz AR 27171 10% wRto] E3le HE
BAE 7HYstar, ZzF A9 g9 50099 BT EE
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At A7 > 00]3 A > 19 ) AAES A UEk
Wi, p< 0ol A <1 ¥ uff 7HAIZS 2EE ]k
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Table 1. Estimated population size of C. japonicum in Korea

HA glow ol AFof tigt A A Y ¥ ARE
v o2 HA| A 2718 5 @ A= X
2, 3, =4, 7HE, FF AFoA P glon, £
P A9 AHTLATY AERAAE S A ARE
Q88T Fe 2 EE A 1570 o)4ke] opiAlTtel QL
= A0RE I glom A = 2|4 4356704 o)A

o2 FAEHTable 1). o] & 53], §4484] 5ol
AE At A SHE7] e 4037HAR EHoR Eld
AG(F, Bo)S AYstA ke oF 38.86%= =74
o itk AR E 2, 71, £33 Ao A] By
W2 A7 S AR UERT

U o] =35 47) A9 WAL HA 4 WSk
217 thg S HojFal QtkFigure 1). 39| ¢
20149 6450] WEE QO o]F A& JHA 47t &
oL} 202092 183F2.2 61 FoF £ 285.9% S715H%
o} AHEF A o GA 2 A GollA F FO] wso] vy
ek o2 WA vl ol 2 AWAIEe] FEgE A
A 4= d st = HES a5 AA AA 52 AR L

o
o
32
i)
r (

];f)gmzsg B C D E F G H I
No. of subpop. 2 2 1 3 5 1 1 1 1
No. of shoots 4356 230 60 88 263 200 119 15 381 3,000
No. of shoots with flower 403 111 18 20 87 - - 2 165 -
Year of survey 2020 22(?128* 2020 2020 20207 20207 2020 2020 2020

A, Pochoen; B, Hwacheon; C, Chuncheon; D, Gapyeong; E, Muju; F, Yeongdong; G, Gwangyang; H, Pocheon(ex situ); I, Hwacheon (ex situ)
*  Development of technology for artificial proliferation, restoration and habitat conservation of endangered species C. japonicum

and C. guttatum in Korea (Ministry of Environment, 2010).

** 2020 park resources survey report in Deogyusan National Park (Plant Conservation Center of Korea National Park Research

Institute, 2020).
*** ox situ conservation

250

200 1

150 A

100

Mumber of stem

50 1

o T T T T T T
2014 2015 2016 2017 2018 2019 2020

—4=pC =Y =—l=H( =—8=CC

80 +

Flowering

60 4

40 -

20 4

0 T T T T y
2014 2015 2016 2017 2018 2019 2020

——pC =Gy =—=HC =—8=CC

Figure 1. Annual increase or decrease in the number of individual(Left) and number of Flowering(Right) of C. japonicum.
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QA9 Felof mE el o B FAHL o) FTa
70*%‘?5 ZRet v2ah A2 FHle AA welY] dE

HD:

—E}— H3(Willems et al., 2001; Cho et al., 2019)
Hxﬂ:u 74920091} 2013 0] ofEZ UE
A& AASH= He] BF(Cho et al., 2019)2]
H ﬂ £7] ¢ Mekee] 343 WEol orl|
& 4= Utk ofof Hsy J*‘* S, &4 AHEA

<, TRl
ohd %71 o) 271 9 Ak 2B R wEE)
Zo] WEe ol

—h‘lﬁﬁ"j

o 10 of
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ilod f
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Lo fo ok
rlu o

2. Jxzel HEE

WA %ﬂie olsfstal A& 5171 flsiAe= 7N
A T2 Ao Aol Palert Faddt A 7
= 7HAl 7L7L«l HAE BlFslelal 1 4 BlEE
—’Jr‘”ﬂoi‘ﬁ OIOH T M% 1, ol 7MAITEY A E=
D]ﬂ-]‘/] /dXT—O ZX-]O}-:L‘[ H{/\T XPXHE:]O 731—]'0‘]— /\ 01‘— 14
=2 wo] o]&& a1 QltiLebreton ef al., 1992; Tarsi and
Tuff, 2012). ASH &2 FaEvtol 7|%23t AT +2 o|&
o MAEE TR 247 A 4 P4l A2l
AA EAAS H]—Oﬂﬁhﬂ(KHkpatrle 1984; Chu and Adler,
2014)7 Fsht AR A9 A Ba-Tiokstel
A WA 27] B A H}E@i FzslE|q odi o=
mseedling

OJuvenile Adult

(A) PC

-
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S S S S
N3 X X N
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8o FAE7])% St Chu and Adler, 2014). 121} 4]
= A Al 7iA 2 ﬁ%‘% FAleE e 27]) 9 A%
SO 7|23t AR LR AR T ASAT RS
o B s FrHE 5 31301 Z4%5)7] %= FH(Chu and
Adler, 2014).

of2f3t & st & AollA= 5 e A
TE vehE HoH A A F27] " A RS e
o AR AT 2 E4E Awskirh 53], 358
FR2 ] W ATANTOR A ) vl A o
7Hx114 AT mers fIl vlm Al S kel

Slom, Ao} Aehitke SR AV 545 st
04 AP Fskolnt. wek gAlol FeadRe] 271 4
A S4e A YT £ ol uAS v AR
TE -‘:‘MJE A E=B AT

A AR 725 AR 29| S 39 2
oA 01?& AA e} Blgo] iAo' wokon, o] Hel
= A% WA vlgo] Wl w2 AR YRyt b
Ao Al vl sts o 7H§]“5°] 3 w2 Ao g
Ellon, ofeRt Al = BUHY 7RF W 2 W
&0l fllth(Figure 2). o4 o A Hjs) ArEe

2 2o NEES oA AFHR0] AA] Bejo] me
ofmE - 5k A4 A7ol mHe Al Wk S71o)
o werEn Te £ AEET} A 797 A 429
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Figure 2. Stage structure analysis of C. japonicum according to the annual maturity stage (left) and annual leaf area (right)
of the study site. (S1: 0-100cm, S2: 100-200cm’, J1: 200-300cr, J2: 300-400cr’, Al: 400-500cm, A2: 500cm’ <)
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AoR ujso] B ul, 440 ofFt Aol
A Qe Aler AT 4 Stk AAIR FEa
= Cypripediums; AE53 d¥baos v
AAES Kol Aoz daA 9 oH(Brzosko, 2002;
Suetsugu and Fukushima, 2013; Pi et al., 2015; Cho et
al. 2019), 53] AR GEFO| 9 fAMARTEE GO
WS ASAME A8 Heke F7ske Ao oA
UEHCho et al, 2019). webr], FFa7=AH A4 o
wh$ ARFA 22 A=O] B9 s A4 AA 2 FH
2 ME ol MEkEE diAer ST AAA
e RS Ao s WA A&l 584 FEF
= HRHALE & 4= glok o]9f B2 Jef AiAlee T
Sl AR 10-1570A2 U EY o 2 5 AP e

=
o

L

L

Nk o

0.

=
7}
l—/\g
AL
ES

flo

MAEE B/t AL, S04 22 ul4d< 7 A (uvenile)
of Hlgo] YA o8 & Wo|qlth 20143 ¥ 20179
7HA] U E 23 oM o] gl A% ZiA(adult) 7}
A8 W] Fokont 2018URH A NAIZE BEE]
ARSI Ty gk SaR A2 Al B8kl
Jom, thE A HEn 4 eyt AR w2 A
5 Al 8(Pi er al., 201522 5 -/ HlAo] <fgt
A3 M= BAsIe dE Aes 49 249
FF ANAIl vl s &M A= vlaa ARl
WAt 25 FAske AR Yebgen, BYEY 7|3t
U 2 Z9) Wk Q3o 531, &3 A B LY H
& 717 Wl ow gt A9l M= o FAIA] ekjke,
ol ALt vAd<s A, A< AHA weo] dASHA
A=A E=JE G- HAjel ot ofd AjA| S Rl
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r oo

AR BQIE o] thE A2
S 2o 2419 s e

391 @ BE9lr4E wae] Atk ZpEola A
3t B A ] Q(conservation status)o] gt Hrlg} & 4~
ok AIAAA E A AWIUCN) S = A= A<
B A9 BAE 9o AAEERed Lisy B7h AATE
et 9ov], o) 9la) TAH B} 7] criteria)
gl W3 (categories) S A| A5l ITHIUCN, 2012). A1 &E9]
A5 BA A9 Bk oA A4 E2ELlE 2 AR
2 gol THgahE] ol oleje @ o) A} EHoin
717k B 4o ArE YA = Sl= olflo] QU7

o ot z0 Job

o2 JhAE AES E4(Population Viability Analysis,
PVA)S AoFstil QItHIUCN, 2019). AEH o2 74
T AEY BAS AANTS P A dY EE
W T AR Fuos ARlze] APES 24a
(Brigham and Thomson, 2003). 3}A|qF A1 5-2 thokst g
A2 FAAe Ba 24 walo] BAlo] AgEE 54
o= ud wf, Axtel mE WA A2k APolu AF
WA Hghes SAshe A2 FHAeR A grhi(Elderd
et al., 2003). WEFA, L djoto@ A= AHaLe] AF 2=
HSHE ARERE St AR AR AEE B4 (diffusion
approximation PVA model) 2492 E3t A+ AAES

d&atal BE Yol gt Hriv wol AlzEiar 9]
(Dennis et al, 1991; Elderd et al., 2003).

2 AtollA= A 7ATE 4719 Aol St
Q71 A = BSE ARE v R WAl BEE
FA5t W e 3E A AEE2 FF 5004
otof 99.72%(3FH, 1 =-0.0328, A =0.9983)] 4] 0.00%(E
Z, 1 =0.2556, A =1.3320)7}A] X|EZ vj-- AFolstA 1}
EFTHTable 3). H|E HUEF o] =3 47 2] &7
A Y HSAAS B8l 94 2ol BAEL Q= A
For FFa7tEe] A gzt T 4= o= A9A
HEo]| tigt HaE WrgdskA] 3t dl= vk 53], 2
A9 ¢ g% 500 ¢kof] HAHE 7H5Ad0] 0.00%(x
=0.2556, A =1.3320)2 YEly=d o= A544 A4
ol w2 A 429 X&AQ0 S7F JEel AowE w
FlthTable 3, Figure 3). webal, 4] HollA 243t B
£ W] bl AAIE 19A ol oJgh Al vt
W= o A9 hAIEY] A 4 HEIF g E T
Btz Ay B dEs 2 AolA 4 4
o} o 2 Zo= JAErh AAR Q19F Tl 25t 7iA)
9] Z7PF WEEE 2 A Yo vjal vl e e
7} e 3100 Skl 79.50%, 500 ¢toll 99.75% HA
Z2), 221004 Skl 24.05%, 5001 ool 31.70% HA
FR)ol A1) dA ddo] ANH o R =7 ezt o]
£ o5 F AYelA Az WA 4=2] F3F WEo] 2
val] A Uepd gfor =43 4= Qo

A AgRlRe] Y FE e A BEEES
& o Ao motsly] QsfiAe @A U Fe8dE
AL chaFst FEa0e iE 4= Q= oy A9

T

o of

Table 2. Criterion E (Quantitative Analysis) of IUCN Red List criteria and categories (IUCN, 2019)

Critically Endangered

Endangered Vulnerable

>50% in 10 years or 3
generation, whichever is
longer (100 years max.)

Indication the probality of
extinction in the wild to be:

>20% in 20 years or 5
generation, whichever is
longer (100 years max.)

>20% in 100 years

Table 3. Estimated extinction risk for each population site of C. japonicum over the next 500 years

Site Extinction Risk

ID after 100 years after 200 years after 300 years after 400 years after 500 years
PC 0.00 0.00 0.00 0.00 0.00

GY 10.90 45.62 47.22 47.95 48.33

CcC 24.05 28.93 30.60 31.33 31.70

HC 79.50 94.42 98.12 99.30 99.72

* Pochoen, 1 =0.2556, A =1.3320; Gwangyang, x =0.0372, A =1.1050; Chuncheon, x =0.0266, A =1.0841; Hwacheon, 1 =-0.0328, A =0.9983
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Figure 3. Estimation of extinction risk over the next 500 years about each population.
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