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Table 1. Site characteristics of transplanted population in Mt. Soribong (SR)

and natural population in Mt. Jukyeopsan (JN) in GFBR.

Fig. 1.Mean (+ se) (a) transmitted light, (b) canopy openness, (c) soil
humidity, and (d) soiltemperature in environments for natural (JN)
and restored (SR) populations in GFBR.

Fig. 2. Changes in (@) number of stems (b) mean leaf area, (c) ratio of fruit-set
stems and (d) ratio of flowering stems of C. japonicum in JN and SR.

Fig. 3. Mean (+SE) (a) chl a:b ratio of leaves, (b) net photosynthesis and (c)
LMA produced in the current growing season (2014) for restored (SR)
and natural JN) populations of C. japonicum.

Fig. 4. Photosynthetic photon flux density (PPFD) response curves of C.
Japonicum’s net photosynthesis rates (Px) of natural (JN) and restored
(SR) populations.

Fig. 5. Cumulative distribution function for the probability of extinction for
restored and natural populations of C. japonicum in GFBR in South
Korea. The line shows the probability of extinction before a certain
time in future.

Picture 1. After understory vegetation removal, number of flowering stems

increased but repeated understory management did not promise

just the positive effect on species traits of C. japonicum.
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Figure 1-3 Cross sections (CS) of stem. 1 CS of stem full. 2 CS of stem showing
trichom, epidermis and hypodermis. 3 Vascular bundle. 4—6 CS of leaf. 4 CS of leaf in
low magnification, 5,6. Leaf in high magnification and detail view of leaf rib vascular
bundle, 7-9 CS of synsepal. 10—12 CS of labellum, 13 CS of anther, 14 Mature anther
wall. 15. Pollen grains. 16 CS of ovary. 17 Longitudinal section of ovary. 18 Young ovule.



1. M2

Global BEtt¥/d 49t vEo], A=Y (reintroduction)S E3EH HE 9171
T A} B o] A 8= 9l (Swarts and Dixon 2009, Reiter et al,
2016), 53] =& TS 7= dETe U BE 7] & xekaL Qi) ¢
2o Zrasofli= A AA] WSt 9 wpEst EX] o]§- WSt QY FsEo] e T
t} (Jacquenmyn et al, 2005; Kull and Hutchings 2006; Liu et al, 2010) E73|
=, Y T1P)3L ks ERIRE FEOM o} X2 WARE A&H 2 A o™
X3 wisto] ojgk A1) Hol7} WAl Be] 7hs) A1) Wislo] 3 F1 ok

A sl 9 24 (herbivory) -2 W2 Aol gt 215922l X}?i ekt

7, G20 Zel= AR TE]o] PR W=t} (e.g., Willems et al, 2001), 3]
971 WAl gt el o AR A AA S 5 TETIE SR BN

o] F& o211 It} (Coates et al, 2006; Janeckova et al, 2006), o3t A4]Z]
2= 7HAIS) =271 (o, FHA), et 2 2SS S7HA71AL, AR A2 Elﬁi%}
A THE = Qlh, sHopAlotoll Al e FF 5 Hx Al FEel w3t At
+ oF4] Zohr7] ofFrt

HE 9 A Y A HYS S8 e A 2 gt (Maunder
1992, Kephart 2004, Godefroid et al, 2011, Brzosko et al. 2017). B3} s
g AR et o B4 wslshe A WellA IR A5 4= Qe AN
A2e BEYst= A, 281 S A 58S 238t 9ok (Montalvo et al,
1997). HE971%2] o]4] (transplantation), A=Y (reintroduction) & EZ A1)
(augmentation)= AA]X] B3 7} E71581AY BEto] nf$ &3} 4o 3}
SF Aol HAAZF SR E uf 753 BA 7|go|th (Guerrant 1996; Guerrant and
Kaye 2007). ¥uta oz EQolq Al 9 (327]) 2 AT S st &
o] =S QA o7 stHEH= 17} Paslch (Matthies et al, 2004; Bottin et
al, 2007, Menges 2008), AAHOE (locally) AHEHA T Q= EE 0] Bolo tj2
2o e MMIEE AL AS BAR skt 1 olfe 1) 4] 13 FolA
U o] a2kt gk A40] JhAITS HUsHAY, = 2) AR ATe] 327 ixloﬂ
‘Rlﬁ} (Maurice et al. 2013). AH¥ 7MAT-& 23], F a0 S we &

OV\' 7H5<1]94 32k, "EJXJJ—} A4 o) WAo| JekE —Zrﬂ] 5]‘:} 7H7<ﬂ:fL 5
A

Bl

B ooy 30 B

o ug oo

oﬁr

m{o

m

(Akeroyd and Wyse Jackson 1995; ITUCN 1998; Jusaitis 2005; Seddon et al,



2007; Jung et al. 2016). H-UH A& AL A71HQ B %, s}, 24,
0]¢] recruitment % AE7} 7 % ChFRE & (vital rate)ol 4°H A7%€ Aolrt,
Uz 0| JNsket 22 A &2 JhA| A7]eF volo] Wi 1, 1e]ar 3
=9] 9jH A 9] 314 Q9lo HF-83kt} (de Jong et al. 1998). lﬂ 53] S d
EEL A|3}o]] HA] L2 (penetrating structure)@} o] ol AR 2} o] %%k
£ 7HA AL 917 wioll (Willems et al. 2001), d& AlEo] Yefl= A9 g
oA 39] g} e UEhd 4= Slok (Horbitz et al, 2010), shto] g5 o8
A, W23} 2150 Mo $439F 48RS = Wttt (orchid mycorrhiza)2] &8+
AR B W) R A AMY Tt o] WA Zoi—h Y gaxo] Aelup Ar)A Az
| Z4=221 =& v)7§e (pollinator)
Atolo] AR, T1e|al Bl S AE T 2T 5 s W Al At
Bol= ot A EH@ °]3H§ H}%EE FE21719] A& HAIw-S sk Zlo]

e B
> o

B

Yxate] B2 o (Cypnpedzum Japomcum)% IUCN 7|202, ghaofA=
Critically endangered (CR) 5% (KNA 2015), ¥&Eo|A= Vulnerable (VU) 55
(Ministry of the Environment 2015)°]9, Fo}x|o} £ A= Endangered (EN)
579 39 ¥ ¥E97] 4120t} (Rankou 2014), i} A58 xE3lsto], dh=o] ¥
Z97] AEEL fjEE 1960dd 9 A4 B w3y 24 A
71\ &2 Lol A= Aol osf) ANAI7F G4 8] el ghom, 2 Al SR
o] oaf W A=) AR AL SiT,

2= e FawolAl Bzt o] ARt} sk
783 Al Higk T s RS E8sto] WAL 3:3%?4% —E’%E}ME}. Eﬁi +
= 5 9 A Fe a7 e A4 43 Fef 9 A EAAS bl
To] HFAQ it WAl e Eso] B 9 AP AR SEell mlAl= FeF
= A8 EAsh, aeFd E9E7] dx AT 5 9 v Weke =ofstar

A} gt

é
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2. Z1t

Table 1. Site characteristics of transplanted population in Mt. Soribong (SR) and natural
population in Mt Jukyeopsan (UN) in GFBR,

site Forest type  Dominant species Aspect(’) Altitude (m) Habitat area (m*)

Temperate Quercus serrata and
SR broadleaved ) ) 10 250 200
forest Carpinus laxiflora

Temperate  Acer pictum subsp. mono
JN  broadleaved and 25 470 450
forest Cornus controversa

2.1 Hd= 22l

MSA719] 5Y, Fe8dE B Ao Bt dY FF N = 85 £ 0.4 mol
m2d! 2 SR=47 + 0.3mol m?d) @ $HIY= UN =185+ 0.5% % SR
=97 £ 0.4 %)= AA MATE INELF 2| YeRgtt (Fig, 1), 183 SR B9 =
AL JN B} whiEskal (SR=13.3 £ 0.2 ¢ WIN =121 C + 0.3k %3 (B
of B 3eF SR =205 + 3.0% 9 JN =536 + 2.2 %) - UeRHSIch

2.2, HH|Z SEH

&3t o8 AH (seedling)= WEHA| ot oIUE2 0 % 3
BT B F 34 1 E7] 4 SKeH oW 20144 o] $ LS| A
gk b, A AR A&H o2 Al 201349 23 sREAK AlA ol F &) =
7} 3A S7Fkt (Fig. 2a). FH22 F318F WS 2HE- (site x time, F'= 38,1, p
0.001)@} 347 A4 (F = 59,8, p €0.001) & A7+ (F = 18,3, p 0.001) W% E&13t
zpo|7k EAtAct, B Aol A A - g 74 e (20109 150.7
£ 10.5 ar ol 2014\ 88.4 + 7.6 ar)S WEFH S, 2 RIS 20119 H
& UERd o] & Aot S7HE WhESHSIT) (Fig, 2b).



10 20
- a p <0.001 b T p <0.001
3 8 - 15 3
2 §
A ¢
z Lo &
= -
= 4 4 >
b g
£ H
Fﬂ 5 O
5 *
=
0 0
ol ¢ p<o0.001 |(d p<0.001 |,
T -~
. P
b 13
 w 5
% T kd
2 = - 12 E-
3 -
- =
- 11 ‘z
0 v v 10
JN SR JN SR

Fig. 1. Mean (+ se) (a) transmitted light, (b) canopy openness, (c) soil humidity, and (d) soil temperature in
environments for natural (JN) and restored (SR) populations in GFBR.

SR F5- 9722 o] 2% A HdtHT} =2 Jiske-S Yehylot o] 34
3] 74 (20139 13.3 %)319laL, 20139 312 AlMo] A|AH 0|5 A Z7}sleict
= 20094 2 2013 9] &} A48 2] G3Fol| o) A3t

go] 2719} 742 whEalT Qi o] BAEYT, Sa) = A AW A4 s
) )

o K| 7Hxﬂ:LoﬂA1 o]4] A% 20109 40.7 %=A 713 =9kl o]&
0 %7t 24 8] z;ﬁs At (Fig, 2d). JNOJ &pd QA2 2009 515 A1A8 Al A2
S| 20119 31.3 % 714 AAlgo] A S7KeE A% 0 %= F18AaL, ol 22} 8t
244 A (2013L%)9} A Al S7Fhs e KAl
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Fig. 2. Changes in (a) number of stems (b) mean leaf area, (c) ratio of fruit—set stems and (d) ratio of
flowering stems of C. japonicum in JN and SR.

40 | B22 B2RUT SH



2.3. 42X H

ogt

EH pS|

M E4 Hld

Jm

SR 7JAl (total chl = 1.00 = 0.04)2] B+ & g=4 =2 JN (total chl =
0.53 + 0.06)%c} oF & uff =9kch, W& chl a @ b= JNO| A4 /WA (5.20 +
0.49)°] SR E 7HAI (2.12 £ 0.25) B} F v =8ktt (Fig. 3a). Bt &
2 AR AT 6.9 + 0.2 pmol CO» m~2 s)o] = A (6.7 + 0.1 umol CO:
m2 s} &9t (Fig, 3b). FElE EA22A, LMAE A /BRI (6.3 + 0.6
mg cm2)°] 9 A (4.9 + 0.3 mg em 2)Xrf =34t (Fig. 3b). F5-87%e
2o B3 L= A A A (6.3 umol CO. m2 s)o] B AAE (5.3 u
mol CO: m2 s )Xt} =90t} (Fig, 4).

a T p <0.001

Chl a:b
™
1

124 b p=0474

6.6

6.4 <

6.2 =

Net photosynthesis (umol CO, m™ s™')

6.0

s c p=0.052
P T
e *
o
(=]
.E, 4 -
<
=
-

2 -

0

JN SR
Sites

Fig. 3. Mean (+SE) (a) chl aib ratio of leaves, (b) net photosynthesis and (c) LMA produced in the current
growing season (2014) for restored (SR) and natural (JN) populations of C. japonicum.
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Fig. 4. Photosynthetic photon flux density (PPFD) response curves of C. japonicum’s net photosynthesis
rates (PN) of natural (JN) and restored (SR) populations.




2.4 JhHI= EEH

SoE FT8AE A % 4% (=097, p = - 0.05 % o = 0.036)&
Uehfo] 2k AHAlEe] 7t A¥F (e = 1.07, u = 0,03 ¥ o2 = 0,075)2 §ie] 2
5 derfSlth 20159 TRl 71EoR EEEUA Aol mEE ghE o4
WARLIA 1000 %, 1] A4 AfAILIA 011 %= AXPEI ST of4t AP 9
A EE o] o B @A) H B (971A) B8k A 2 Tk
& Fig. 5 Hehh 3Tt

—— Natural population in JN
—— Restored population in SR

08 -

0.4 -

Cumulitive Probability of Extinction

0.2 4

0.0 4 T T T
o 100 200 300 400

Time [years in the future)

Fig. 5. Cumulative distribution function for the probability of extinction for restored and natural populations of
C. japonicum in GFBR in South Korea. The line shows the probability of extinction before a certain time in
future.
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BT RAELE FEOAOY] B 9 HES]7] AFo|ARt, FholA A g
A 9 A el 7o 712 AR WwA 2o HuEgleh (Piet al, 2015; Sim
2016). 587720 et FFE £ 5 e Wbt (Sim et al, 2010) 9 A
7t (endophyte) (Lee et al. 2015)°] thet $17-50] FGBR A &of|A] Lol Z1ay=]9)
o}, FeaAEe A e BEE 95t S 715k FA side] dagh Foot
(Chung et al, 2009). TH=59] B5873F2 F4] 7]so] 7] o] QIA] ¢har, o} A
gl & 7HAIGE VER7] wiell Aot Aol A AL A=AQ HQJOI o 4]
Eoltt, t&o] SR ot HES7] AlERA 5872 7IA
o ozt Apw= Zoti 7] oYt AAIF o R BYS sl W 7Hiﬂ% Oﬂ%@} A=
(reintroduction) 50] o] o] L QAT T E-le] gute] tigt JrE-2 oJX3]
ot 5 9 ZM WAL sEfet deld S0 gt 2] Ak Q=S
3 T el welE flel o) AHd BT SHIE olsiche A 3, dx
O] Aghatet wAof FR5E i W R wiANR} 2219 A0S AdEstaL Slct

w

1 =t

- O

e

=i

=]

2| &

0%

5 9 AW e85 ALY FElole MAAl @78 Afo), T2l kel
S A AA el (20099 9 201349)9] 7Rt GaFol oA WEEIT, Y g4
Ao Aol 714 2GS & 4= Qlrh SRY BY Al 40 9 W 2L

i
o
ko
2
-0,
ol
S

WS uIESt], A B B9 Bo] Fusk Mol 2 Uerigltt (Fig, 1. ¥
A ST AAE 42 ool T8 AT (3 W FA AHE)S np
B BRALR, DEALR oL R 7] izl e 13 o)
B, B 5t 27.6 %914 61.8 %] Heoltt (Pi et al, 2015). o2} H]

5jol, HE07B el FAL K& 720l BT THIE FE RLHR D Ao
TR)o] St B A A O R ARF 27 (F 20.5 %) Lehfet.

207 Fefol that AT vl Holrv] ofde. el s%0) A4

2 AT B D AN BRG] FHS RS Zuv B 244 A
AAE A BE07gEe] B (vital rate)o] ThFe FRe i A0 et
ukE Aol ) BE-L WEAALO) Aok A OR F7AZ 4 YA AL S
R U S

0

NF‘I-H



E2 AR A8 AAL dgle] FElsHA AEhele A YE HIE 59

2 2R FHAE AtoleflA] Zfol 7k IAE A, SR ANE T wfokct ks

SRAES] A7) (leaf area)?t /N3-S 2] &5 FaF= FoHA| Vet gitt,
Y AN 27] 4= W B Aeh A W Aalgo] oigh & RA 7

2y A AAY] k= A W AR st ok A Hef= AlA 2S5
I} OFE BARE ALAFIAE AALL FAlO] ARz ske-AlA8 o] A aHgollA A
ANA 08 F7Poh= 5, 2 2 A AEY A= AlE ViR e 2 ), 17
I Akl HA A0l AekS & 4= ot (de Jong et al, 1998), HHEZ Q1 2|} 74
Sz A9 Ak AL HEL7] dx AEY AR ] AA ] digt HHE 2
QAL A3} (Fal Janeckova et al, 2006)

3.2. PEi H M2|™ £
2129 FHf (morphology) ¢+ 2] (physiology) 54 ¥4 9 £ gHdo] Eat
0= ghdElo] Uepdth 53], & HollA B¢k ego] o] Al A
] MRS Ak 252 el 2= 9lth (Maurice et al, 2013), Z7]%
] THAIES] A, Thshe W AAEoA Y] Agk xSkl o T B
o|A] NAIE2] g AE A0} FukE AT 259 Aufj, 12fal o ¢l
Eﬁfﬂ 7] &Y Biske}l AR o] Sl A Atk AdlE B AT AR eR W
Fgoll A-&s7] el & A5 Fefol Al ST o F agol W2 A
-FE J= Tt (Fig. 3). A8 ZHAlIEell vlsh b
3t g2l A-gsh7] flall HgxAE 1
and Pearcy 1989), W WL wo7] 93] HEA be| Pilo] Holyt7] wjRo|tt
(Pearcy and Sims 1994).
B Q70 Ut B ATl digh g E 2 oEE=
o} (Lee et al, 2015), Lot o7 (fung))e} 2 Al=9] thefstal B3t 34884
L ux AR gEkate) of$- = oJ8kS n| 2t} (Rasmussen and Rasmussen 2009).
APA ET o] Fal AR B Ao Ae 9 HE 8 F5 et E o
O] A2 Ag9| thel ) AeE A 4= Qltk, FeaAdEo] o
heterotrophic) A& Ex= o]G7| Fiof oJ&sh= A1E21A] HilH v} §IA|T (Lee et
al, 2015), A2 sk= A48 H BeF e g} o9 o] A&l SR Y A= T
875 HejoA S ¢ Qe FRO B4 T FluE o S 9 Ay 24

Kol et AREE 91 A0 paEr)

Y

rSL' r*o J*

10 rlo
nTL*
2
p
I
o,
=2

rlr

Z4:99F (myco—

l~
_I

o)
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T 59 TS S8R A&7ksRE WA JiAlE (reproductive population)E B
A5h= Ao|t} (Gale 2007; Reiter et al. 2016). F=Q 71222 ZdWHE (humblebee)
7} Tolsl= v RALY] o)Al wH) 2% 4B (non—-reward outcrossing insect—
pollinated) A1&0]t} (Sun et al. 2009; Suetsugu and Fukushima 2014), B|EA} W
Z AEEL dubzo g AXEo] Ut (Neiland and Wilcock 1998), Tz A1E-<] 7))
39 A4 (fruit—set)> E57<F el whet ST os Wi, FF3aiEs X
Cypripedium= UHFA 0 2 AAFo| Ut} (Brzosko 2002; Pi et al, 2015).
oA FeLAEY 7o R FgdRTE B Qo (EeEY W A
7). T3 FY AHY QRlowA, FFRAEO A 9 A K o]Yof et A
Zrolr 7] ofgpm, & AtollA] JA] X H T FQF T A] oRglh, wheba] A
R Y HA oS wul MiAlE 5 Fadt xlghog ohalE Herew

A7 4= Qlet, ol2f3k HollA = JoF WA oEske 259 A A5
|52.0] o] JE} oA A W1Ale o A WKk Aol Al Zloldt,
HEEAIQL B A AlAE A AAEe] AAE] AR FRke T he
= WFeR F7MRAL, 53] & WA AAAE 1 &t AA
20139 2] = B AR A A|AL AAE Wslo] Atdog ze o
2 e (Fig. 2d). A4 7Hxﬂﬁ‘L°ﬂH 2 73HE (40.0 % o1& Het
AELS 201199] 31.3 % Alf3H 0.0 %0141 10.0 % 9} W2 g YEr]
BoA A H AR = HA AR A A A Q] gafo] e AL oJok A2l
7] 4= grfjo] Ko} @2 oUX|E FAE tradeoffe} 3 SR w7l 25-9] 2
axof] O3 FFY 4= Sk B TiAIEolA A o]A] 271 E A Ljsk v
AE (201249 2.9 %01 A&H 07 0,0 %) UeEFH AT A48 AlA| izt T
Mok @aFo] SASHAINE, H9 THAITES o] 4] a0 o4 ghgof et A
7F A &R A 4499 Aol Fatt Y & A At 2ol APy 9 5 A
ATt 25 71491 X&/30l S a3t 2| xe o7t ZA o]0l A A= R] ekl

A gt viel o), AgAte] Hojsh=s D= QR QAR A ujf 259 S5

5 W A B 070 Jis 9 A ] wA] LAdof ke mixith, A ZhAIol
/\1 141':' fARA X]é?——i‘ﬂ PG AAeE QR e %‘7} (&719] SHH Fig. 23)‘1:‘ T
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e Zof| gt o]Fold futef glom whebk] BEAQl 4E-2 78It} (Brzosko
2002). Egt He] gojxl 7iA|e] shEe] oJgt E-2 A

Ok, H2 FAolA o]t 9] sk olsf i £ FulE Wi Ao| ofHth
(Whigham and O'Neill 1991), w7l 32%-2] B/ —u]uAdo] thet sis5 A H]EAY 4]
E0] HA] A3-& A4A171T) (Neiland and Wilcock 1998), 3587429 AMd= &
3] FgHe] i w7} Ego] Faskn, o] % dull A< dp ol A ZutelRe] Gul
AL AL A4t bl BAH QI JeRS ot (Piet al, 2015),

M2 Q7RO 7] 4= AhEo] 7)%3 PVA A3}, A AR A7) A AYEo]
53 Aoz a83 B ARteME AE 7FsAdol Wl A B4t %
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4. HEQZH20| 3|9} HX

. O o>x<— —

T A B2 B8-S & 5 e U 5Y9 a1} Friet I HuE2 v
Z zZrolH 7] oJHt} (3L, Maurice et al. 2013; Brzosko et al, 2017), o|A-& &
HollA e E49] Wt HES Fet = E o)A, T12|a 5yl Frf o
o] Fo| 2| 2] ¢k Vet (Reiter et al. 2016), 9] AEfers] 400 tigk 4
ol HIF O & Fu} 4IRS HeElohs AL BE Aol tiste] FEHoR
2 gr|ojof 5= 34 K4 Alojt},

ol A Fek, vAkR Held 5, 2] FA; WA

o

=T Lo AT

S A=Y o] =

KR

3] o]Fojf oL, B B7F B AL ALY Bkl tiet R Fohey] oY
ok A9 Ul AHEC] Folshs B4 shte] eja] A=A F 9 A2 5
A A4S skt ok 29 e e 2R F AT AH &
/g, 1)L AP 2ol digk ofsf, T1ejal of=ek et Akme] Tkl HEo|
ofgf B AaE YA @71 wiolth (Jung et al. 2016). E=3F &3} F71E 93t
BUER A|3eok 7ol =3 AT A B AgE sk G A gAl &
o B HREo] 5T Agdofth,

% %
Picture 1. After understory vegetation removal, number of flowering stems increased but repeated
understory management did not promise just the positive effect on species traits of C. japonicum.
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o]¢ (food source) 2.2 A] Thoksl A B
(#11, Catling and Crever 1980),
. B2a7kE i A9A S5 AR 100.0 %2 4EES Uehdtt (Sim
et al. 2016). Olﬂ‘]xq B Ael= A4 BlE (fruit—set cost)S EeSE A= vlg

(fitness cost)0] TAIBH= ZAAT S 2Hojolt}, =AW 7Rke: 9Jat 4} AJALT} 7
Aol AR EEte] AgtHoR QYA 4B X7} o|Fo] Ao} gt 3]

(SURIEC
o
_g

S > b
% o 2

=
)

U WE)] ARl FEAT} gol, Hele] Lol AN o] Bast B

=
Sol qitt,

1 5 Z48-0] AEA} (o}, AR} A
7 WA 8 GEe S55] olsfsh= Ao asltt (Rasmussen and Rasmussen

A 2704 Fo] Wt Aets FHE 5 Aol 2-8sk= Aol st
SRAEL AWE o R 4= A JA (ofnte g AfAIY] EejE o THe] £715)7t
SA A AAY, HES Fdsh7 ] Tk, 2250 B Aol IRkl =3
I FARSHA SR A o= AR A9S S3Elelt 4R B AwE g8ote] 2
o 2AT SABHA 274 F2 AA (bulk planting)dh= WHHQ] =& 113314
3t & olagt AlA AlY] Ago] B Auol 384 dE & AMA & 5
gick (o, 2= 2o ujA 71%). % Sk Azl ofa TRkt Fejo] AR S =
Y= Zo] FANE, FFo7EE AA T4 F4l0] B7Fsste] thefRt Ay 59
= §Iet SRS 7A gt E7bssitt

Korea National Arboretum | 49



27120 U3 (Orchidaceae)?] /NEUZE< (Cypripedium L)l E3HE
=g HESte] YRl Fofl sk AlEo|t) (Rankou 2014), 358732 it
T gEol| 1A g Ao faxshe, A% Fewd avlelM AZeg 7S
e}, FFaEe W ARl 8l AT A5 s o] BE7Ado]

- =oH, Foprol A YoM = EN 559 HE7] AEolct (Chung et al. 2009;
Rankou 2014; Yamashita et al, 2016). r=ojlA] E91H FF o722 117h A9
A3 800 of AR 24311 Itk (Pi et al. 2015), FE87AEE £7] sholld e

T+ 709 o] vheH, 5YRE TR AR A&Ei e Ee 8 At
=75 ?l B HAS gt oA FE S B4 el Fide] SRt
FhEUREAsY 9 2o o] B3t BEoF Ao &2 A2kl (Pi et al, 2015),
oﬂ 1% i (Sl et al, 2010) 2 YR (fungi) (Lee et al. 2015)0] TaF=CH
HO ARE 22| W U} 20 AFRAIEo| <
Hahe K40 A] jq x}a}% 7202 BiET 9t} (Nagamatsu 2011), gHtof| A 33
7] AAARL Bl LB EeE AGEH AL, v A B Gt S U
WTt (Chung et al, 2009).

T2 JEAR ARG Y23t A2]E (Mt, Soriobng)S 3Htol|A F=Q71E0]
A 7155 SLolARE 2 200997HA] Ax2fgo Al Aso] ElE 7L qisict. 5t
Ho g chdE]o] QIR|uk A8 at 6.5 kn AZe &G4 (Mt, Juckyoupsan)oll= 271
Aol 29 73 Acto] ZA LA Q). B2 YR|5 LHLEY AL locally

s

O

Ak deliol 9] thE X\ ool A] Aehs BERATE 435t0] ol skt &
3 S Aol AASHE HEAATO) PAS B FACPAS Fol7] 18] T2 A
o HEABTE A QIste] ol A5t Selt AR el uet BEa)
2 29 350 e BE B0 571 At

b



5.2. A7 F4 ! HE
& A 2 EF A A0l Sl Few AEdEAA Y (Gwangneung

Forest Biosphere Reserve, GFBR)2] 428 U ZH Aol A 4=85}ict Ae] 8-S 3t
oA FFoAEY] XV”O] A5 gl A Holn|, SRl Alojubr - 8tkaL
At} (Table 1), FH4kE 2218-2] 5525 6.5k Ajoll $JAIst A 59 d<Y
/\‘j/‘ol e-Flskar Qlct, J—F/IE—J B 8E oA Ahe BE AFHOEA AAE=
(10°) EQFSo] ZA] gL w=QFgo] ot =t Al oA Ao A5 A
Exc}"} AoJUbt, EF U ek U7 AAdskaL Qlom, 2k Ao R of7]
], DZAMIE, A Sotk, QA 357 AR = EsAHol 917
S APHZ A= 187, B Atk A AR 9 S A 24U 55
T, 12l i AR Fojrhe]opfn] AARRALAL 7 S8 ol
ZP4E (01F, IN)Q] MY BE87FE AR 200849 17HA] (450m)7F AHekat

= Zlo] gl Aoln), dds] wahd 1he] AV E717F B A, 2009
g2 AFRTE Aee Hosp] s AAE AAE, s W 22 AER

T3E sk AR AAsH **—E*B-ﬂ'%% RIS Se]stal Stk 2009958 £7]
&, G, ek 9 AA TRl 7158k Sl 200993 2013\ Fofl 242 A W
A 9 = A sk AS 1174°F— el 50| %ME]—. olgt =8 35 A T
9|, FTR7Ee &7 5 AR Y QIHE 2 eSS AASHIH

22l (O], SR)°ll o|Algt B35 a73 7H1ﬂv_f% gh=o] 47 Aol ARgt 27
WA (site H = 10, site M = 8, site G = 7 ¥ site HW = 2)2 FAE o] i} 2009
| 99, SRl B /WA BEE g AA (200 ) R[Sl 3k AAS AlASH
T B 8E 2TNAE oAkt ZF FEe e A Aol et 2 m (M-S
AL, ZHA Aboli= 30em o)) AR ARsiet, 20099FE 201587 &7]
= SAISAL, 2010958 2014d7H4] g4, it 9 A4S 715530 SR
T R7EL2 20150 MY H £7] 75 7153 A9 v AR AolAleksi), Y
FarollA 20097} 20139 5ol ZH2F A WA 2 = A ok A8S A AS= JNZ
ol3} ] BEo] 9Jolr)

Tl

ol

ol 4 ¥

ON

ol
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5.3. Hld= &3

SR 9 JNOJA EF = (T) E HFE (%), YWl F=F (transmitted light, mol m2
day ) 21831 £HIHE (%) S SN B 2= W &5 (SRn =32, JNn =
15/ AQUATERR EC—300& o|-43lo] 445E] 6971 W 3 o] Z40kg)
o, ZF 2ANE Woll A 5 m 7HA Y] SR A HAlSkGIt S54E ZREE E9F

o ebds] "of Yo sl om, A7t b d wi7hA] 2& th7]jt & ghe 34t
sto] 7] E5H3it

THIEE 2 JW FF (SRn =32, IN n = 15)& oF=E ARERL ofm|#] &}
& (Canon 5D—MarkIl, Sigma 8mm 1:3.5)& 438t ¥, Gap Light Analyzer 2.0
T2 139 standard overcast sky modelS ©|-&35}o] B4 (Frazer et al.,
1999). B4 w4 Al, 2aEet st ’11‘ AE AP ES] S o=, a8al 459 A

Z717F (Growing Season)2 49 1545 E 10 30L71A 2 A5t

I b lo

SR ¥ JNoj|A #5872 £7] & (number of stems), WA (an), NS
0|¢]%& recruitment rate (%) A=A T oY WE G d 7
(Leaf Area per Mass, LMA) 2 ﬂﬁ“e 2 2459 27 = AAA BEH
= E715 25 Alo] 7158l #5874 = oY AR E7171 shue] #t

2 ddeo] & 4 7] wiell A Z71% Sl MAE Tetelr] ofPrt
(Nagamatsu 2011), w}gha] E A-to e Aest A4S orefslr] Hihs AARE
£7] £5 SAsiolch Mekgat 2482 vid 59 29k 69 Tofl S5t o]
B 2719 949 277t AAsH A2 As dhde g siginh FeadEe] ok
Cypripedium¥= ot F 4 & AR £7]7F 4 =7] wiizol| (Brzosko 2002),
O]CQE—’] et SAE oYt JHAS e A £719] Y& e

10 Jl

_124,

REAIE, B = &= WS, 283l o = 3.14 ot
g de AT A SR AE T 8 mlC] 80% acetone &40l 23
= 79 Seh 4T W B 5 SdEE SAEIH. 954 (chl a, chl b 9 total



ch)t= #3537 (OPTIZEN Alpha)E AM8-510] 645nm 2 663nm 2] u}golA] %
a1t &4 S Arnon (1949)S WS AMg-81SIT)

Chlorophyll a = 12.7 Asss — 2.69 Asss
Chlorophyll b = 22.9 Asss — 4.68 Ass3
Total Chlorophyll (a+b) = 20,29 Asss + 8,02 Asss

=

MAL 507329 Aol Ae)2 ELa AHel 690 UAlskgon], Barelz
10 441 B3t 27] (0,186 an)= gl o) A=A T0TR 48417152
A2AR 5 olo] ARALE AAgSto] 3k ZAsIgct, LMA 4L ofelel 2ot

LMA = dry weight (ng) / area (cid)

+333MdE (Net Photosynthetic rate) Li—6400 -8 F4d 5471 Li—-
6400XT, Li—cor, Lincoln, NE, USA)E ARESlo] 452704 7iA1E tiAte =z 34t
EHolo] S5 ds W B vk 34 S A A 2k W SE7 FI%le
COs, &%=+ 400 umol CO; mol-lair 22 AA3}}, P== 350, 400, 350, 300,
250, 200, 150, 100, 50 umol m~2 s~ 2.2 2R uic} A-5-A]17] & A3} o] & Z]
Z o] FrAY o & AT 300, 350 umol m2 s719] Fiof|A 23] ZAs}ict
A/ 574 Al leaf chamber U2 54 A4 ff7] 252 siglon, CO: §=
+ 400 umol COz mol air &2 FU5H| SHSIATE g/ thdol Ao
AAFsEIE} (von Caemmerer and Farquhar 1981),

Pn = [Ue X (Ce - CC) / 1OOS] X CcE

Pu : Net photosynthesis (umol CO. m—2s1)

Ue : mole flow rate of air entering the leaf chamber (umol s1),

Ce : mole fraction of CO: in the leaf chamber (umol COz m™'air),

Ce : mole fraction of COz entering in the leaf chamber (umol CO» m™!air)
s . leaf area (cm?)

E : transpiration (mmol HoO m=2 s79)
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5.5. EH4 &AM

SR 9 JNQ] A4 3+4 (B
412)0] 2po|= t—A R AAE}
Yol w2 WohE RSl

[e3)]
T4l Gud sk Mol Adel 719 (B9 2 A 14 felow

A5 & MRS BAREAN (repeated—measures analysis of variance)S 2§
3kof g3kl (Underwood 1997). BES- ¥as= 7HAIE 719 2folof gk 24t} =
HdAAE Tste] Alg WE (square—root transformed)3tAT, a4 H A|7H)
BRG] b, AFE B8 SRehc),

oA @ A L= Q 7r e JAwe] AEE-S Count—based Population Viability

Analysis (PVA)9] Density—Independent model2 &-835to] EA5IITH (Morris
and Doak 2002). o] 249 SAE 9 AFET T2 A& &S VA= F
G, 2|1 o]y W o]&3 72 92l50] Al R 2EFE ] Qltk= TS
WZstar 9tk (Morris and Doak 2002).

A ) AR AEE (V)2 ofet Bt

A =Nt/ Nt
o704, Ne= Hi t9] F5 8734 7145 Uehdch

(stochastically varying growth rates)®] H+ & 7N ARES LUeERHT) (the
average value of the population growth) (Morris and Doak 2002). 7|3}8 4 A=
A4 AAAF 7R AT (exponential growth population)2 AHEH - (arithmetic mean)
B} o 2 yepd 4= 9)7] wf el ARGt (Morris and Doak 2002). &2 7HA|*
37w ofefiek 2t

w=loghc =~ (log ki + log M-1+ log M2 + = + Ao + Ao+ 20) / t

ue] A7k Aol wh2 Wiz} Hjgo Q] BARS 022 UERYIL, log e 4hQ] 4
ol8f| g ¢ 4= Stk (Morris and Doak 2002), ©]2]gh 5-4152] Aufol|A u ) 0,
a8 ) 1Y, AR AT Aog 1 <0, 28]al ke (1Y wo= ZFAash
Ao R o &3 4= 9t



W u 9 o2E o8t BF B AY A A (EEETA, quasi-
extinction threshold)e] =g & oAt ZAMH (diffusion approximation
theory) @ +2 B3 3k~ (cumulative distribution function, CDF)ol @&} Lrely
Atk (Morris and Doak 2002). =EEA A= A2 BF 91 Hjas 9
3l EAAE AAske gholn, & ATtollA= 2015 A9 10 %5 EEESHA A
A= A8t (014 ZHAIE 2704 2 2k FHAIE 97HA)).
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Figure 2. A change of temperature (C) and relative humidity (%) in Cypripedium japonicum habitats.
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Table 1. Topographical characteristics of four C. japonicum Habitats in South Korea.

Rock Bared Litter Soil Soil
. Altitude Direction Slope . o
Site (m) ) ) exposure soil layer temperature humidity

(%) (%) (cm) () (%)
cc 779 100 25 8 83 4 15.5 46.3
HC 611 33 12 16 375 48 15.6 276
MJ 983 65 2 1 387 34 21 61.8
GY 466 88 10 478 136 24 21.3 29.57

8
Rl
S

el

=

o

B 87FEE T2 3 450-990 m, BAR= 5 — 30°9] W eloll Eazst

O°=2 Lpetie), ol £lo] ofshel s 700molAte] Hlid 1
otk sl o 906, 2el £ A oo qu_; S (450m)e] s
A7) 3 ol SS1Sio] e} 5 WFIS] AREBE 2 A0 ol
A AT S Al 25 () Y Yehlsich, Qe 2 o
WA B GYOI) 71 A e, B MIoA 7 3 U

L= Q71 AR 9] I EHE (Canopy Openness) X 34 (Light Availability)
< A5t (Figure 3). CC, HC, MJ ¥ GYolA ZAT +HEUE (%) Bt
Z¥7¥ 17,98 + 0.74, 22.05 + 2.41, 16,05 + 1,72 9 16,59 + 2.26 & et} HC
oA 71 A UeRRaL, MIollA 71 WA btk FUe 4 AxellA S74%
¥ (mol - m™2 - day )9 B 221106 + 0.61, 9.54 = 1,54, 9.41 + 1,75 Y
6.87 + 2,218 UEpETh CCollA 7H A Ueltar GYollA 718 WA vrebsitt,
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Figure 3. A comparison of canopy openness (%) and transmitted light (mol - m=2 - d™) in C. japonicum
habitats..

1) Fe87% WA, A= B sl

FE0710 A (B)= CC, HC, MJ 2 GYOlA 242} 75, 28, 23 9 19%90] &

ottt HAYE (/m2)= CCollA] 31308 713 =917 GY= 0,468 7P Wk
N8k ARG CCollA 71 Wekar, GYolM= A7 23514 et 7ist

& (%) MJoA 717 =A] et (Table2),

Table 2. Density, No of Stems, Flowering and Flowering rate of C, japonicum Habitats

Site  No. of Stems Density / m? No. of Flowering stems Flowering rate (%)

cC 75 3.13 37 49.33
HC 28 0.92 4 14.29
MJ 23 1.93 12 52.17
GY 12 0.46 0 -
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Figure 4. A comparison of leaf area (cm?) in C, japonicum in each study site,
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Table 3. Correlation coefficients between environmental factors and population attribute
of cypripedium japonicum.
Ele Slo RE BS CO Lav ST SH Lar CC NS FP
Ele 1.000
Slo 7™ 1000
RE —805" -568" 1000
BS 176 199 -049 1.000
CO .020 061  —-03 .03 1000
Lav 523"  pa4™ -562% —167 334"  1.000
ST -42 -2719 168 063 —74™ —413* 1000
SH 766 650™ -639% 135 -305 .371* 179 1000
Lar =177 007 18 -2 -9 -212 -020 -244 1000
CC -2 -220 319 —168 —-520" —433* 589" -—127 136 1000
NS 615%™ 7™ 584" -087 220 491 -346* 476 -026 -269 1000
FP 672" 667 -5 -191 053 388" -8 51 074 -133 816" 1.000

*p<0.05, *:p<0.01

Ele: Elevation (m), Slo: Slope (), RE: Rock exposure (%), BS: Bared soil (%), LL: Litter layer
depth (cm), CO: Canopy openness (%), Lav: Light availability (mol - m=2 - day™),ST: Soil
temperature (‘C), SH: Soil humidity (%), Lar: Leaf area (c), CC: Chlorophyll content (SPAD
value), NS: Number of stems, FP: Flowering population
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Fo L ARAY] Tt A 2 U E FA5 A3t (Table 4), CO& S3UH
7} 7P S FadA (13.26 m? / ha) Vel o] $-4she Aoz A1 7}
U (FerEA 10,0 m? / ha W W= 329 74| / ha), AREUE (FadhHR] 7.84
m? / ha ¥ W% 988 7§14 / ha) Y ZuuE (FuwHHA 535 m2 / ha 9 U= 494
7Hf<ﬂ / ha)9] 08 =& FIGHAS Uehfiglct, HCe EFUR7 7P =&

T (2,01 m? / ha)& Uepffo] 9sh=2lo8 EAEA 7huh (Tt
EB.Z# 1.48 m? / ha ¥ E‘:_Jl:-_ 31 70A| / ha), APV (FA2HHA 1,00 m? / ha 2 E
( NTHEA 0,84 m? / ha @ U= 31744 / ha) 202

Table 4. Means of Breast Height Area (BHA, m2 / ha) and stem density (D, stem / ha)
of woody species in overall and each habitat of C. japonicum in South Korea.

Species cC HC MJ GY Total

BHA D BHA D BHA D BHA D BHA D
Fraxinus rhynchophyfla - - 201 141 14862 455 2242 278 39.05 873
Acer pictum subsp. Mono 232 1646 0.06 172 989 455 912 208 21.39 2481
Comus controversa 1326 823 084 31 277 114 432 139 2118 1107
Juglans mandshurica 10.00 329 148 - - - - 11.48 360
Morus bombyais 784 988 031 156 - - - - 8.15 1144
Acer pseudosieboldianum - - 005 47 012 170 740 2222 757 2440
Quercus mongolica - - - - 737 114 - - 7.37 114
Prunus sargentii - - 100 78 049 57 567 68 7.16 205
Tilia manshurica 535 494 - - - - - - 5.35 494
Maackia amurensis - - - - - - 511 139 5.1 139
Celtis sinensis - - - - - - 478 68 478 69
Acer triflorum 372 494 - - - - - - 372 494
Sapium japonicum . - - . - - 258 625 258 625
Comus kousa - - - - - - 142 89 1.42 9
Meliosma myriantha - - - - - - 120 278 1.20 278
Other species(16)* 042 494 159 454 051 1136 156 347 4.08 243
Total 4291 5268 7.34 1111 3577 2500 6559 4444 15161 13323

“Other species. Total BHA<0.1



M= S8V M 22 FadE 4 (14,62 m? / ha)S Uehgo] $-51=A
07 BT TR (FHHA 9.89m? / haQ U= 455 74| / ha), A1z
U (F29H 4 7.37m? / ha 9 U= 114 7H4] / ha) 2 55 oA 2,77
m? / ha ¥ W& 114 7§4] / ha) 02 & FadHS Uerfislth GYe =3
T2 (22,42 m? / ha)& YERo] $4ske Aos BAES
3 DEAE (FuhEA 912 m? / ha 2 U 208 1A / ha), BEEUE (T
T2 740 m? / ha W W 2,222 A / ha) D AFEUE (FaghEE] 567 m? /
ha ¥ WUE 6970 / ha) 22 w2 FIHHAS YefIch $3H4, 35874%
AYA] RS SR, ARAUE, SV 9 7R ek Aos
Lreh A2l Alfshd Aol sk Ao BAE I

4, Ordination £

AR 10719) SRR (B, AR, AL, A, EOReBE U
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o] Z& AlSo] AR 7prto] S35kl A HjAE FS BT 1AIHE
e 4115 G L D, TR Y

u
ol || @ cC [ ]
HC
{.:l W e soll temperature
L
& GY || rock exposure | [ ]
O
&
L — o — soll moisture
canopy openness : .- e A ——
I — O e —_—
light awaulabuht-,r
(=} litter layer depth
T
-1.0 5.0

Figure 5. The result of DCCA ordination of C. japonicum habitat stands,
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Selvket B5 8 AR = LRV, S U
2o AFslAgo]l SR8t Bxsls Aow LeRdt) (Table 4) OIEi =l %‘éfi
Fo87FE AEAL AR R0 Exdtths Ae onskaL, of#gt At AHAY
ABA St 7470139 =2 FEE AR = W8-S SylstaL qlot. Park
and Kim (1995)2} Seo et al. (2011)9] dAtelle L2AUE, SFHUE, 9
4SS 2 74]5"—?54* o] £¥d}= Ao Hrg v} 9lo] B ¢t Aol &
ALSIGATE, =919 79 Ui F5 7 AR = ] AR AT FARRE 35
Ul kot 2 24’5‘}5 AYA|of AU ZRAR = 7] 3082 SR o
(Nagamatsu, 2011) B3Esl= Ao 2 eyt

Ter Braak and Smilaue r(1998)% ordination®] &2jo] 3 U AL 25
ghs|a A} Sgte] s kgl tist 7HYS &3l We Aolekal sigict ot
2hA ordination ABES § 7 Ee T o] /‘“EH?‘W4 Tl wjEshe=
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BZQUR AR HYA HEot HH2| ot

ol AH3k= Cypripedium®: A=) AMYA| B2 i wddds7t
Aok 542 Holn, o= o2 gofl T2 Aol YA ol Soiet A5
271S A8k AEue] 9=7) 70-80 %2 EolXl 5 ke Ao
Mefste] Aalo] 7hs3tA| ettt (Park and Kim, 1995). 53], 358783 A4 2
AR EFE Fo] Z AL gt 5717F FAEofok shw, HSA7IHA] Stk A
Hlo] 3L 1 Fo 0] A= tojofof gtk (NIC, 2014).
BEA7 100 Aok T8k A Well A7t 53] a1 AAYR] o] 2ol =

= Cypripediums APYAOM 552 02 Yepd 22 SAZds7} -1t
Hhe
=7

£ ofteln Ghe Wak ohet PR eln A Sof ezuloigich uteh
A ERAE HES ERs] QAL ol it Felael muEY 2 2t 2
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