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Population Characteristics of Echinosophora koreensis (Nakai) Nakai, a Endemic Plants in Korea™

Sodam Kim’, Ae-Ra Moor’, Jong-Bin An’, Ji-Young Jung4, Wan-Geun Park’ , Sungwon Son®’
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THake o] B X|Hof| AlgtH o ® Fisk= EAMEo|M, IUCN Red List®] ‘Endangered’= 2% 3]H41=
ojch. & A= A2 HHSEE AE] o] = NAre] B i ey JhAIE L2 E 2AF BAste] 3k TReA)
A sE H RS Tl 2Rt 712 Am 8ol FAo] Stk At A B efehr] flal ot 4,
5 370 Aol ZHzt 2~3709] diEH20mx30m)E A 7o R skl tieat Qtofl 4~77H Transect’d<]
2 ImxIm)E 2m 7FH o= 77 10714 Z 53070E Aste] 2@ 7iA 4= 9 24 74| 4 7iA] =] 52 S5
o} gRE TGRS TUCN Red List ver 3.19] B7P7|: BE A-8510] 7|& TUCNe| H7He §5¢} v|agAlsioich
AL A A A|elo] B A WEL 3478/ R Ueon, Zjolda ofL 3.95%/nt, 23 3372w, T 2.87%/m’
o|ltk aHA, AL AAE(AA 4/71A )L 0.003822 A & A 1,8375 Fof] 7Huto] AAE Aoz el
A2 A2 (sexual reproductive) HTH= A (vegetative reproduction) H|Eo] wj$- =& A o7 Z=AECE RARE A
199] Ayt A W] B RS B4R 2 AR o GRlo] =2 A sAE SR o dRl0
& SHEE 2445 WA Uert ks A BolFo w2, gRko] Ak A sl mie- Sagt a4d
o5 4t g, WP Sdcke A AHAS] ol BA%E 23t 2.3~68.5cmE YELO™, FHit 20.1cmE
AL 7] 20l BFEOE TAE THAIES] stage-structure S A7 A} 15~20cmE 7[H O R JHA| o7t ol
5 A2 SNt ks FEE Hoj9lom, seedling @2 === 10em o]5e] 7iAlEe] HIEE e WA
UePdoeH &R HUEY ARE HEoR TRt X[&/de] tigh #4jo] Eed Zow Helr) hH, SRt SR
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ABSTRACT

Echinosophora koreensis (Nakai) Nakai an endemic plant with limited distribution in some parts of the
Korean Peninsula, is designated as "Endangered" species on the [IUCN Red List. The species is under the threat
of deterioration in nature due to various environmental changes causing loss of natural habitats. We investigated
the distribution pattern and population structure of E. koreensisto serve as a basic reference for identifying the
dynamics and persistence of natural populations of this species in the future. To determine the characteristics
ofthe E. koreensispopulation, we laid two to three large plots sized 20mx30m on the ridgeline as the reference
in Yanggu, Chuncheon, and Hongcheon and laid four to seven small quadrats sized 1m>1m on the transect. A
total of 530 plots were laid, 10 each at 2m interval, to measure the number of the stems, the number of fruiting,
height, and other factors. The collected distribution information was compared with the existing [UCN assessed
categories by applying [IUCN Red List ver 3.1 Criteria B. The average population density of the three surveyed
areas was 3.47 stem/nr’; the density of each area was 3.95 stems/m’ in Yanggu, 3.37 stems/m’ in Chuncheon,
and 2.87 stems/m’ in Hongcheon. The number of fruiting per stem was 0.0038, indicating only 7 fruits out of
1,837 stems and that vegetative reproduction is likely to be more dominant than sexual reproduction. The
distribution tendency of population density in the small plots in three surveyed areas showed that the density
of E. koreensis tended to decrease toward the center of the forest with low crown openness and around the
mountain ridge with high crown openness. It indicated that the quantity of light could be a very important factor
for the growth of individuals of this species. The analysis of the heights of individuals present in the surveyed
plots showed a range of 2.3 ~ 68.5cm and an average of 20.1cm. An analysis on the stage-structure of the E.
koreensis population based on the sieve height found that the appearance frequency decreased with increasing
height above 15 ~ 20cm and that the percentage of individuals lower than 10cm, which were presumed to be
seedlings, was severely low, indicating a necessity of study on the population sustainability based on the
monitored data. The occupied area calculated with the collected species distribution information was 200k,
indicating the EN category according to the [UCN Red List Reference B.

KEY WORDS: TRANSECT SAMPLING, POPULATION DISTRIBUTION, AGE STRUCTURE, EOO (Extent
of occurrence), AOO (Area of occupancy)
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So| B4 59 Sof 9 B4 AEE 57 wEsi
(National Institute of Environmental, 2005). 2 AFZo|L;
17bo] A2 o] Imé] HATEOR AL Ho| ¢l 2
o 7ie] B8 FAn Qe SAERL gkl 2L 59|
7Nglstod BRI, legume) AUllE: 7~9ol HAAIFHCK Lee,
2010; Lee, 2014). gHIEo] S5 9 BERE 408 248t
5 glon, Hate] Tok W I A%k WAL AT, B3,
&3, Y, AEE A 4, B FeliEE AR, ik
7w T 5ol E3sk= ZAo& 21 F vl Qltk(Son, 2005;
oA, T4, Y 5o AY(Kim et al, 2018)5k= Ao & Q]
SJth(Figure 1).

East Sea

Yellow Sea

Figure 1. Distribution map of E. koreenss natural habitats
(@: Literature DB, *: Field survey).

NeAbol T3t 7] dd9k= Nakai(1919; 1920; 1923)9)
ofsl) F3jol %3t ch2 Fje] ey EY2A} A=
, ShESkA] A i(Ikuse, 1954; 1956; Jang, 1986; Jung and
Lee, 1990)9} 74l AR gt Murakoshi et al.,

1977; 1982a; 1982b; 1985; Kim and Kang, 1986; Kim and
Lee, 1990; Kim et al., 2002; Byun et al., 2004; Choi et
al., 2009)7} HAE|Qle}. o] A=At ] Aol ot A+
(Lee, 1992), 7H=At AYel- Fej2] S0 thgt A-H(Choe,
2000), 7H=At APYxo] FejA] S/ gt AH(Yoo et
al., 2005)%} gk E4talE 7=ite) AR 2AF 2 FEA
£/l thgt AK(Shim et al., 2006) 5] HIEE AT} 2o
= At APYA] Al AEAdell it A5H(An et al., 2014;
Kim et al., 2017) 5 tjgh A-50] A=t =4k
Aol FEke mX= flFaclos S Yolg =3
et A Zso = QIRE A71A%1 o224} 5] 291Xl
wgk 5ol glom, ol w2 AAE H E=9AEY felo]
M=ntel s 9 AejAle] Y8E & 5 & Z(Cheon et
al., 2009; Oh et al., 2009)0]2} E1% H} Q1oL ZAYX]
2% Q1P hulRt Zh=At AIREe] X&57Esdut =i o]
g} o 7|2AQ] Atads AXEAL QA gk Aol

2 A SEUE AAE R shol 914 fle
o0& QI egHsle AE f1Fo] Sl TAke] i o
I AR 2 T A RS 3 TAt TS S
2 214 geke 9fFt 72AlR B85 B4R Rtk

T
1. G aX| Tt

2 AR 2018 05HHE 07H7HA] ZH= dRA| <
oo pegsigl o, iqte) faro] tigh E3- FEAE
9 AtApe] 71 Aue]| ofsto] L, =, ¢IAl, B FollAl
SHUHA ZAE SAE SR A 4= AAA
o+ FUE R H(Nelson, 1985; Tienes et al., 2010)& Zat
Slo] ZAMEPEES A5t d) oj2] GPS(Oregon300, Garmin)
£ ol&slo] TARREREE, T=At SFAR, SR 5= 71S5E
A} 7128 At SANEL Mo R EANAS 7ok
om, = AR 13kmfo]l 7,000~27,000mr, 4L 1.7
kmtjjof] 450~1,000m?, 212 3.9kmujjef| 2,000~3,000m* ‘H&
o= Tfjato] Bxsh= Aoz RISt Table 1, Figure 2).
AR Uit vl = e ot g SElok 24
Al FH AU, - 5 dedE R ANE
AL, At SARARE SRt WS AAJsIith
o 4 A Yofl= ZH2F 3714 20mx30m(600nr) tHEF-E
A 710 R AAsigion, 539 - 2709 tiEE
Afoll A7steick(Figure 3). A4 o+ W 4~770
Transect’}2] ImxIm(lmw’) ALHLE 2m 7HEo & Z17H 10
IR R 2107), S22 1807], &4 1407)], & 530711 A=|8}
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Table 1. Site description of the study E. koreensis
GPS
SNi;[)e. (fizg:c};: Location IIIDOt Alg;‘;de di?ti?ka)‘uggn coordinate tIr\L(;s;ct;
(km) (m?) N E sample
Juk-ri, Nam—Myeon, Yanggu-gun, Gangwon-do  YG1 347~494 25,000  38°04" 128°02" 70
1 13.0 Juk-ri, Nam—Myeon, Yanggu-gun, Gangwon-do  YG2 655~711 7,000 38°02" 127°59" 170
Juk-ri, Nam—Myeon, Yanggu-gun, Gangwon-do  YG3 516~676 27,000  38°03" 127°59" 70
Jinae-ri, Dong-myeon, Chuncheon-si, Gangwon-do CC1 215~223 450 37°54" 127°46" 70
2 1.7 Jinae-ri, Dong-myeon, Chuncheon-si, Gangwon-do CC2 215~230 980 37°54" 127°46" 70
Jinae-ri, Dong-myeon, Chuncheon-si, Gangwon-do CC3 195~205 1,000 37°54" 127°46" 40
3 3 Seongdong-ri, Bukbang-myeon, Hongcheon-gun, Gangwon-do HC1 361~424 3,000 37°45" 127°50" 70
Seongdong-ri, Bukbang-myeon, Hongcheon-gun, Gangwon-do HC2 390~423 2,000 37°45" 127°50" 70
Study site

Gangwon-do, Korea

100 0 100 m
e —

Y63

Legend

®  Emergence coordinate

—  Sinevroue

Transect Sampling

I EEEN EEEE BN
I - R
Meter(m)

Ilﬂ

Meter(m)

— Transect line --Base line [H sampling quadrat

Figure 2. E. koreensis population distribution pattern of study site

for instance in Yanggu(YG1).

Atk Ao A s 27 o 347~711m, 23
215~230m, &3 361~424mo]|ict.

2. WHIZ 2=

MR 248 2A117] Sleto] AToxlel Za
A %, AAEE, ZA, ZRAE7), AR 4, 2
=9 7ol RN o} AN 4 2k 24
Weg zARRIoM, AR F ZANE AHE g
St FaA Fom Vet FRA1E Adv
A HA)| @A) WES Fat groe Avgelglon,
A AN 4 o) ZRA o) Hlm AbgEigT T
PRl ol Tas Bael] Sla) AMET Ul ZEAA
Ae) A olem)E 24sIAT. Aol 24

- O+

HJ

>y, 2 e o o

oo

2

Figure 3. Design for a E. koreensis plot
(20mx30m). The seven transect
lines are 20m long and the sampling
quadrat dimensions are ImxIlm.

(2m, STABILA)S 0]&3}o] 0.lemeko|7ix] Z24510] 131
o A A ol A 2/ BES SemEgls EA
F AR 24510} AAl ARTE BYS Terslgict

3. EHX|9IEI HE

s Fate] SRS SEsto] X|2d EEHeE
24 sielom, o]F HiEe g AR EH A(International
Union for Conservation of Nature, [UCN) ZAEE. ver 3.19]
P& BE 285130ct =8% AE= GeoCAT(Geospatial
Conservation Assessment Tool)S ©]-83}0] E3EH Q|(Extent
of occurrence, EOO) % #-3HZ(Area of occupancy,
AOO)E& AH=313lom, TUCNS] H71e W9} v w545}
psg
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172 225d

MAre] HAIE BEEAS SAS TAHOE AL B4
A3} 53071 AA| A EWNA = 1,837H0]9lom,
A9 SFA| 4= 2 - 829, =4 606, T3 402
o]t Table 2). AR Al 7§ 29| H 7HA] W=
3475/ 2 JeERFom, Ao oL 3,958 /2, &4 3.37
2/, 37 2.872/mrol k. WAl EdAE] 2ARER
1,738.8m, 3% 331.7m, 2 444.0mo]|%ch W=} &3 A
gof w2 A 7)== FF 6,868, =4 1,118, T
1274202 =Ax9lon & &3Ag 2,514.5muje] 8,725
ol Edlsh= AoR AL 3HH, JiAlte] ZAEo]
0.0038202 A &3 7] 1,837 0| 7iyto] AAE A
o7 YEpt] 2150 lojA AUAE Aldhs A4 o]
5GP Ho] AT Hof FUSE ofux|of| gt
ety AYog Uehr|e 3= Hil(Koenig and
Knops, 1998)& 112jg uf], 7jAke oFryao] Ao
T} 73] -9l Q= AoR Holn|, PP ulgo] YA
2 HlgRET o =5 08 ). X2 0= APH|

Table 2. Population characteristic of E. koreensis

W g FURR 22 ) vt s 3
CHFigure 4). $2R2T =0} 0] W2 Qo] £
o] 74 WA A IEE] S asetm o 4 glon)
AL HR VBT Gl BAALES) A9 HBS
A sl Al Tesjolst Al (Park et al., 2011)0.8
go] AL ) 8ol the- FaF 24 RO 2
ek

2T W S¥ek= AA| 7Aool AR A o
2.3~68.5cm, &7 2.3~66.6cm, $& 2.4~52 4cm=E LERG
om, 7k Aol R0l FRe AT 17.4em, 24 23.1em,
T4 21.2emz AR ICK(Figure 5). RHE, 7iA| #0lE Wig:
O 7 A WS stage-structureE EASH A3} 15.0~
20.0cmE 7|H o2 JHA| o7t wordaE SR At
ZHasle RS HolFglon seedling © 2 =4 %= 10cm
o[sle] MAEY vlE=E wie- RA UetEch

No. of Density Distance of Estimated No. of No. of fruiting /

stem (m') Pop. emergence(m) Pop. size fruiting No. of stem ratio
Yanggu 829 3.95 1,738.8 6,868 4 0.0048
Chuncheon 606 3.37 331.7 1,118 2 0.0033
Hongcheon 402 2.87 444.0 1,274 1 0.0025
Total 1,837 3.47 2,514.5 8,725 7 0.0038

(B) Chuncheon

(A) Yanggu

=
o
=
(=]

Quadrat no.
[T S T 'S T N s I = 1 T U+ s B Us ]
e T B N ¥ s B = T N+ + I e ]

(D) Total

(C) Hongcheon

10 10
9 9
8 8
7 7
6 6
5 5
4 4
3 3
2 2
1 1

0 2 4 6 8 10 12

Mean no. of stem Mean no. of stem

0 2 4 6 8 10 12 0 2 4 6 8

10 12 0 2 4 6 8 10 12

Mean no. of stem Mean no. of stem

Figure 4. Population distribution of E. koreensis in natural habitats(Error bars are one standard error).
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Figure 5. Frequency(%) distribution of the height classes
in E. koreensis natural habitats.
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AR g W E3shs AE dEste] wo] HkE
A% A} 2)A] 7hAl=ol= 2.3cmol o, o ZfAlzo]
= 68.5cm=E Hat 20.1cmo]ch(Figure 6). 2F 30.0cmo|3}
9] Eol& 7l ThAE et 71&71E8 E¢l ¥1H 35.0cm
oo iAol = SRt RokA| 1, FA3E 717 |
S} Hck 3HHE, 50.0cmole] A 4= 24802 A
ZNARIE=S] 1.3%0] &7Fsl APYA] e 0] 1m7HA]
sk Tiate) Asel= Faks 71K A oR 5l
AR} 5 A7 Eam HEYOlA ZF ARE0] 7o
+ “dolsial wepA 7hAIEe] ARMde Uehle dAREEe
ZWARES] AR et vl e 8T o e S8 A%
7} ©tiRyu and Lee, 2002)2= ¥ &g uf, /AR
7N A A A7 2O AEAQ ARREE Kol
A Faf BeF Al AgaEE WAL qlof shelatEolA
ARIERO] & oElgo] Q& AR FRE. et
A B HUEES RO R 3t Jl=qt 7RIS X|&/dol
dg 0] Wa gow mel:

3. 3Ll ¥ BNxIgLIL Mg

Asbel pBAlel el A tlapy ¥ 9 st
T B A SAY BT Qb0 JeES uE
Qlek. FNARS: F2 B4R it & TFgAkelol At
Slo] B W2 FBAN YO T 9IFE W
glow], FAMASe] Z7he SARR SA] e Yo g
KAIR) A7 347t 2okl Ao A Tk A
28 9l $ u ZRAEe] MXjol e ZhEge Bow

&
22, F T whAEe] FleR SRS AslEAL e

50<
45-50
40-45
35-40
30-35
25-30
20-25
15-20
10-15
5-10
0-5

0.0 5.0 10.0 15.0 20.0 25.0
Frequency(%)

Figure 6. Frequency(%) distribution of the height classes and age structure of E. koreensis total population.
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Table 3. Preliminary assessment of [UCN Red List categories

No. of Location ]i}gn g %SHZ)O 222:;:113:3
Plant specimen and Literature DB 50 59,012 180 EN
Field Survey 12 265 20 EN
Total 62 59,012 200 EN

Aok, wheba] FiEgt AR - oEdo] Qg FOo=
T A=At AR AMEE ABT2EE RS
(1992)5)3L 9Jom, 24 67) X192 70001 77| ool =+
FEYNA FAF L AA L x| 9 BHET Q)ch

NAke 2@ 9 AHAT} JRAE 2hEs), A4
WA, M) E= AR Fo 214220 7AE A& TUCN
Red List(ver 3.1)°]] EN Blab(iii)+2ab(iii)= H7}=lo] 3t
(Kim et al., 2016). & A-rollx] ERIgH & LAY AR 7|22
AXKE A9 HA(AO0)E= 200k, ZHHL(EOO) 59,012ki
2 Yepdo@n, H-¢H2S JTUCN Red List 2] EN#Z0)
AAA| o) S-S oI5l Table 3).

gtm

4,

oM
2

olde] AAIE FSHH 5307 A AHEe] JH=AF
SN = 1,837, Hd WAdEE 3472/ s F
=377 2,514.5m Wof 8,72550] Z£H3l= ACRE RALE
o, A &3 7 1,837 F o 7i2Rte] Aasie] 24
B 0.003802 JPE vlo] HAEH vk vl =
= A08 FAHEE Tk gl 22 FAlolA & 4
2 495 AU daske AeRE e dwke] 7=
2 7HA1S] Aol a3t 841 Aog FE HA| A4t
MAE dEsto] o] W3lkE AR A 24| 7HA| 0]
2.3cm, | 7JAIE=0] 68.5cm, FHat 20.1cmo |k F=ARS
FRMARE == WAl A AR AR 2o A5A1
HAFHEZE HolA| Hohe EQPEARl ARERE Hol 319t
Zof|Al AFRIERO A& ofFe] & Alw Holdl
T Gl ofgt fdvteld Rt dpet A, gt
ZAHslo] whE wot 59 Y acloR Y HAVHER
A - okl glow, oA TAF E Al @
A 9 HAE Qe & HAYFEE 7|22 dto] Tfik>
AHA 200k, - 59,012k - HZo] [UCN
Red List o] ENWHS QIAA|o] S5EE 21tk

SFAE A AT SJaiAE 2 3ugke] mUE
dlolel7} s, At 54 Tk fleiie A7de=
109 o} e 7]7to] dE|ojolgith(Falk e al., 1996;
Elzinga et al., 1998; Albrecht €t al., 2011; Maschinski and

Haskins, 2012). Cornell Botanic Gardens-2 7JA+- H3=
Frgro R Al 543} Ws 2 SlEesl 52 Bl
e gl BE def HEE AlFsh] ffsf sldlEEEe] det
o= o] s|RIES] n=Fulsl(Trollius laxus)2] ZuE
238 20083 Aol Qlov], BUE A3 52 o]
AE E8f s/NskL Qlek jHH, SulolAs R0l
2000305 37 EAAE BE 9 29 oo} 7 T
o1 A9 HUERS AAsl] HuAE S8 dATE
7rstar Qlom, RHF AT AolbE 1S LAAAAE &
A el s SERTT Y RyEY By 55 1
(Chae et al., 2017)3} v} 9

2 ATk 194 ApanEe gl g V) 47
S ol vid A58l BYEFEE AAst] &% 2YETY
AVE vl o Z PVA(Population viability analysis)&-A]
(Brigham and Schwartz, 2003)5= AA|5to] 7=t 7RATE
of A1&Ael tiet E4o] Bad Ao AlmEd:

K o

H
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