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ABSTRACT: Biological invasion of alien plants is considered to be one of the most serious threats to biodiversity in riparian
zones. The effects of two invasive alien plants, Sicyos angulatus and Paspalum distichum var. indutum, on the flora and
community structure of the riparian vegetation were investigated at 22 sites at streams in Korea. Sicyos angulatushas invaded
the central Korean Peninsula. This alien plant has caused problems to stream managers because of its aggressive vining
growth. It had suppressed native vegetation such as trees, shrubs and tall grasses on bank slope and higher floodplains.
Paspalum distichumvar. indutum has become more widespread in the southern part of Korea. This invasive plant has shallow
rhizomes and creeping, extensively branched stolons. It forms a dense mat over lotic or slowly-flowing water and threatens
submerged and short emergent hydrophytes. In order to control the introduction and expansion of alien plants, limitation of
artificial disturbances and appropriate alien plant management are needed in riparian areas.

KEYWORDS: Alien plant, Disturbance, Floodplain, Invasion control, Vegetation

[l

sz Y2 IrslEs A= dattetds fIgchs 71 S28 22! Sl sioI,
=
=

on

X =2 2IURIZHEQ! JEAEY (Sicyos angulatus) Bt =2 ML (RPaspalum distichum
var, inautum)7t 1057 SIRFAIMOY DIX|= Fefs melehy| $I610, 0] = AZ0| RUUSH M= SHHL| 2271 ZAKIEOIM Al Awt
AMTIARS ARBIRICE 7HARI2 St SEXRI0) 2 ZUSIRCE 0| QHAEE 25 W2tM ot =22 Sdee=M
Mk Al =2 D20l st AE REC| IRAMS TSI SHEHEIXIONA 2XPt =0 = Z2AE0|CE SEFAT]

=
Al
=

= o= XYM Hxt 2hiten QItt. 2 X[otEnt &dot 2Xlcks ZEEE 7R QU= 0 HUAE2 A=A
FE0| L2l = fIE B At HES Yol Z=0| 2fet i EeAlE0IH B EealEs AIRoiT. SR S1X(0iM
ME2Z HYESY =S YKok 2Tt 2RISS LMol 17 sleHdE BEGE| ffeiid= 01201 219 nets YAl
Kot 2efalz eVt Heoi

*Corresponding author: hyohyemi@gmail.com

(© Korean Society of Ecology and Infrastructure Engineering. All rights reserved.
This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/),
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

255



256 CW. Lee et al. / Ecology and Resilient Infrastructure (2015) 2(3): 255-263

1.ME

399 (riparian zone)S- AL webA HAE A
AA B FEA o sk Aofeltt slerele
T At A A BA o Aske AFA, oF
WE AHAZRA 715= AlgRIth (Naiman and
Décamps 1997). o|320] REs}= 3ok A4S 53
2 541 B9 ol 8ol ofstol Bciopgol a1
T4 metell 9EA0] 27] HolgAe] B4E B
t} (Masters and Sheley 2001). 5[0+ 3 OL]Z_P %}%
3} pel o] AFE HhmA W F20 B
5 249 —4?* T W7, s EA Ol%, 8
SO R 5] el a9 mgte] ol
QIT} (Richardson et al. 2007). o]&3t 2}¢14], Q¢
Z wek 2:(4037(40 x{o]zﬂvj‘o ggﬂ AEZ 4 2]

g

[

o
ol

<

ps

Z4F = 223} 2= Qlt) ulaha] ok
SFAIA 2 A B]5-3}7] = St} (Stohlgren

}O]‘Cﬂ °ﬂ/\‘1 2] (invasive alien species)-=
AR, FH 2 AR A9 877 LwF o
2oy B3 4 AEZF Ay} ke o224 11
We Aow Az 4 otk meb AglHEel
WAISHS slelele 1R o) YAl st 7)ol
A ol S 2ol gk Folich A 49
QefjFol oJste] siQt aif =AY 27} #ist
=gl 53] ok 1§ 7Hx47\} AExo| W
olx] AETIeFAdo] HEE T (Shin and Cho 2001,
Asaeda et al. 2011). 0|23t A EFH 9] AT} L%
of wish A 7S chpsi WskaZ 4= gk
(Richardson et al. 2007). 9|& EH HY4l&=2 A
e S7M Aol S & S S7blo] g
RS ZFAAZIAY (Van Lill et al. 1980), 48] 2%
7k Z71Elo] $A7} BT ShEo] B A &
dhA)Z 4= Qlt} (Zavaleta et al. 2001).

SEluete] 2RelAs dddE FolA

A Aol AZFHA RAA e mlxe 12
o AMAmBYERA Agste] B9 Helstin

olek (NIER 2012). o]0l 4 51 xisiol 4 Ae)
H, peliel BAIS Sl ol tEel 23]
S algo] Al GEAATolTh (NIE 2014). 7}

A8} (Sicyos angulatus)> AHYA| 7} Bo| F55-0]

i (USDA 2015), -2juehE B FobAlof, 9]
AlEL, S1], ol =9lE o] Stk (EPPO 2010). ©]
2o vize] A AERA P2 2717) e B2
A Aetol BBl AL 7 GolH 2
EAE do7]a1 g}t S5A]A] 4 (wetland status)+=
9] (facultative) = Y2J<5A| (facultative wetland)
o]t} (USDA 2015). I Th2 mabalEo] EExby ]
(Paspalum distichum var. indutum)+= QALR|7} &
] F4 5 ol XNk (USDA 2015), &4 AlA 2
A2 EElo] SeleiE vt SopAlolol ARy
o ofle7 A2 & YA skl Qlek (NIER
2012), SRR W30 ol thad 2o
B2A Aoy £HE VAU B 2715 OW
TS 8] He U Ak 345k e

S35 oj5 0] 4 eIl BEFIIRE 7

4471 BAH JFE Ao7]T 9iek (Yang et
al. 2002, Stroh 2006). ©] A[E-2] £A| 7|41 o] o]

A] (facultative wetland) F= ZHtJ<5A] (obligate
wetland)o]t} (USDA 2015).

R R EX S AR RCE R
A7} QI SH Sistol ) A FEE 25}
of o5 WeelAAEo] oJste] AT SR A4y
o 724 BAL TelelaL o] ANE viEow Fe)
A AP ) e Akshad sk

2. 917
2.1 ZALX| 7KE

Fejuet shdof s AL EToRA o
735 A AARARAY SR 7HAE (Sicyos angulatus)
YSE2RNT] (Paspalum distichum var. indutum)
QA= AEFR O] AEAT AYELZE A
0 27} 11448 Hgeke] 2RI (Fig. |
3 Table 1), A4E 2A S FRYHU] 53
ke AEARTE 2UEY Ao Z3HETh
(NEI 2014). 7}AE} ZARA L o]go] 2 #3Lst
= {3 FER Ao gAEe] At 7HAHEke]
St A9 T2 o A4, A, ==
o] olFollAl shd A, AR ARH B AR
= P4 AR AT o]
XAl o) o

R

P AE)

Nl
r

L)
WS
= 3z
=

o]
w3l
Zolx] ZAY S5 AL 2



CW. Lee et al. / Ecol. Resil. Infrastruct. (2015) 2(3): 255-263 257

South Korea of A3t Lot o] St shHHI) GARSE $H4 o
~ = & o) 2R Easich 2 240

¢ ' @35 \ oAl 7IAERE ROl AAZES P2z A ¢

o S:fi,s A3 dar 99t (Fig. 2). @881 ZAX AL
g ’~ ” st o|F0] & Fixsh= AR F5A| (Fig. 12] P1)
sl oo AMapdrel AAY T O sHaE YE x| o]l A

” S e / 11 38 AAsIcH (Fig. 1 2 Table 1). 23] 9]
AR o o] MAIA] 9-8L 0l5}HL EdFel= A|<=z] 2=H]

S 7 S fol Lal AR i FoE A
Erlol4 B 9F 93 U (Fie. 2

OP3
L.OP4

<O
P11
P11 8 F 0 50 100km
1

AR AN AR ABTES 2014

Al
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(the closed circles) and Paspalum distichum var. indutum 497 5ol 2ARAL TEFE 94 Afelel] 4
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Table 1. Location and habitat type of sampling sites for Sicyos angulatus and Paspalum distichum var. indutum.

Site no. Address Latitude Longitude Habitat
Sicyos angulatus

S1 Jeongok-eup, Yeoncheon-gun, Gyeonggi-do 38° 00" 20.3" N 127° 03’ 29.8" E | Streamside
S2 Daeja-dong, Deogyang-gu, Goyang-si, Gyeonggi-do 37° 41 144" N 126° 52" 32.1" E | Streamside
S3 Yangpyeong-eup, Yangpyeong-gun, Gyeonggi-do 37° 27" 55.0" N 127° 31" 29.0" E | Streamside
S4 Hadong, Yeoju-si, Gyeonggi-do 37° 18 37.7" N 127° 37' 02.3" E | Streamside
S5 Seo-myeon, Chuncheon-si, Gangwon-do 37° 63 17.7" N 127° 41" 17.4" E | Streamside
S6 Buron-myeon, Wonju-si, Gangwon-do 37° 09 50.9" N 127° 45’ 55.8" E | Streamside
S7 Sotae-myeon, Chungju-si, Chungcheongbuk-do 37° 05 09.1" N 127° 50" 30.7" E | Streamside
S8 Iwon-myeon, Okcheon-gun, Chungcheongbuk-do 36° 13 36.9" N 127° 40" 12.3" E | Streamside
S9 Gwangseok-myeon, Nonsan-si, Chungcheongnam-do | 36° 12" 37.2" N 127° 04’ 41.0" E | Streamside
S10 Yangsan-myeon, Yeongdong-gun, Chungcheongbuk-do| 36° 07’ 34.0" N 127° 38 26.0" E | Streamside
S11 Seohu-myeon, Andong-si, Gyeongsangbuk-do 36° 38 19.0" N 128° 41’ 48.7" E | Streamside
Paspalum distichum var. indutum

P1 Soseong-myeon, Jeongeup-si, Jeollabuk-do 35° 34’ 341" N 126° 48 10.8" E Reservoir
P2 Haeri-myeon, Gochang-gun, Jeollabuk-do 35° 28 245" N 126° 31" 43.9" E Reservoir
P3 Sanpo-myeon, Naju-si, Jeollanam-do 35° 01" 15.6" N 126° 49 32.0" E Reservoir
P4 Samhyang-eup, Muan-gun, Jeollanam-do 34° 50" 48.9" N 126° 25’ 35.6" E Reservoir
P5 Hwawon-myeon, Haenam-gun, Jeollanam-do 34° 38 42.8" N 126° 18 55.3" E Reservoir
P6 g?giﬁg's’;‘zgﬁghﬂghang'gu’ Changwon-si, 35° 19 103" N | 128° 41 025" E | Stream
P7 Daedong-myeon, Gimhae-si, Gyeongsangnam-do 35° 14’ 54.0" N 128° 59" 15.0" E Stream
P8 Sangpyeong-dong, Jinju-si, Gyeongsangnam-do 35° 10" 05.2" N 128° 06’ 29.2" E Stream
P9 Goseong-eup, Goseong-gun, Gyeongsangnam-do 34° 59' 07.8" N 128° 19' 551" E Stream
P10 Samrak-dong, Sasang-gu, Busan 35° 09' 05.2" N 128° 58’ 07.2" E Stream
P11 Naedo-dong, Jeju-si, Jeju-do 33° 29 29.9" N 126° 26' 32.8" E Stream
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yos angulatus

(@)

(b) Paspalum distichum var. indutum

Fig. 2. Photographs showing the typical habitats of Sicyos angulatus (a) and Paspalum distichum var. indutum (b).
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Fig. 3. Ordination biplots of plant species (a) and sampling sites (b) from the results of principal coordinates analysis
using floristic data at the sampling sites of Sicyos angulatus (the closed circles) and Paspalum distichum var. indutum
(the open circles). The abbreviations of sampling sites refer to Fig. 1. (A.au, Acalypha australis; A.pr, Artemisia princeps;
B.fr, Bidens frondosa; B.ja, Bromus japonicas; B.ju, Brassica juncea var. integrifolia; B.un, Bromus unioloides; C.ca,
Conyza canadensi; C.co, Commelina communis; E.an, Erigeron annuus; E.ar, Equisetum arvense; H.du, Hydrocharis
dubia; H.ja, Humulus japonicus; |.pe, Iris pseudoacorus; L.in, Lactuca indica var. laciniata; M.al, Morus alba; P.am,
Phytolacca Americana; P.cm, Phragmites communis; P.ds, Paspalum distichum var. indutum; P.la, Persicaria lapathifolia
var. lapathifolia; P.th, Polygonum thunbergi; R.ci, Rumex crispus; R.ps, Robinia pseudo-acacia; S.an, Sicyos angulatus;,
S.gl, Setaria glauca; S.la, Scirpus lacustris var. crebe; S.po, Spirodela polyrhiza; S.pr, Spiraea prunifolia for. simplicifiora;
S.vi, Setaria viridis; T.an, Typha angustifolia; T.ar, Thlaspi arvense; T.bi, Trapa bispinosa var. inumai, Z.ja, Zoysia

Japonica).
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Table 2. Mean, standard deviation (SD), minimum (Min) and maximum (Max) of the proportion of the number of species
according to the groups of obligate wetland indicators (OBW), facultative wetland indicators (FACW), exotic plants,
annuals and biennials, trees and vines at the communities of Sicyos angulatus and Paspalum distichum var. indutum

(n=11).
Group Sicyos angulatus Paspalum diistichum var. indutum

Mean SD Min Max Mean SD Min Max
OBW (%) 3.6 23 0.0 8.1 19.5 13.7 9.7 57.9
FACW (%) 10.9 6.2 0.0 21.6 1.2 54 0.0 17.9
Exotic species (%) 26.6 26 222 315 244 9.9 0.0 40.0
Annuals & biennials (%) 55.7 18.4 21.3 76.6 40.8 16.9 10.6 66.0
Tree (%) 18.6 11.2 0.0 36.2 7.0 5.1 21 19.1
Vine (%) 16.1 6.0 8.5 255 6.4 3.0 21 12.8

Table 3. Mean, standard deviation (SD), minimum (Min) and maximum (Max) of the number of total species and diversity
index at the communities of Sicyos angulatus and Paspalum distichum var. indutum (n=11).

= " Sicyos angulatus (n=9) Paspalum distichum var. indutum (n=6)
rope
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No. of species 50 35 18 73 35 9 19 48
Diversity index 2.05 0.41 1.56 2.58 1.14 0.63 0 1.75
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Fig. 4. Biplots of plant species (a) and sampling sites (b) by detrended correspondence analysis using vegetation data
at the sampling sites of Sicyos angulatus (the closed circles) and Paspalum distichum var. indutum (the open circles).
The angles and lengths of the radiating arrows indicate the direction and strength of relationships of total number
of species (NOSP) and the proportions of plant species according to the groups of annuals and biennials (ANBI),
obligate wetland indicators (OBW) and vines (VINE). The abbreviations of sampling sites refer to Fig. 1. (A.fr, Amorpha
fruticosa; A.pr, Artemisia princeps, B.ri, Bromus rigidus; C.ca, Conyza canadensi; C.su, Conyza sumatrensis; E.an,
Erigeron annuus; E.ar, Equisetum arvense; H.ja, Humulus japonicus; P.cm, Phragmites communis; P.ds, Paspalum
distichum var. indutum; P.lb, Pueraria lobata; S.an, Sicyos angulatus; T.bi, Trapa bispinosa var. inumai; T.re, Trifolium
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spa AlAle] AT Hee gig Aol
sof el 27 4 2 Y Ao PR
Q)T} (Gonzdlez et al. 2015). o]Fof| A A1 WHA|
AEAE AH AAsH: 71AA HA, AxAE
ol sheba WA, 2AALE 7AE o] §ofe
AESH S TR Ee 7] WAl D9

e 4>

78171 doleh. S-efuket sHoA AYe A,
UL G T BB
Hpelo] thate] & 15 AVHE vhg
o] A,
A SHA] B Aot Al Ao
2 A 5o 17 22 50| chopet A
o4 Aol AAE St ik T$o] o] Aol
1S webd FHoz SHisel, e sk Al
Az AHe] B2, A5 9 %
FHozE SR gl Agelch RNk 4%
AR B v F4E W] Aol AelA] Z7)
£ gepew ok 1o 7hAre] A7) o
HUAE] HEe fEsHe ol AHHOIE A
% 9] whel Zol7k aEh AR A9 7
HRE Q191 0E AAT Aol BaEE, S
7, ARe] § o AR o] AaH it
(Hashimoto 2010). w&hx Egjdo g 7}AEre: 7
sk Aol AdaA ARG 4 U A ARAE
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Z7MNZ o2 A 7HA|ERE] /\gzoL% AAE 2= 9k 1
Pt Roluet FR3 AL A9lA) FElet Al AL
oA ZRAME Qe sk ARl mEks o
k= Ao] Z£923)t} (Liendoa et al. 2015).
T oh2 she) Fa AYAE BEEAu)s
2o] A Folut =2 Folx & 915 WA 7z
= Ael ghito] 7ksalol ThE AEe] Mg ol
17 B %oz B39 Al Qi) o] AlE
2t 8 71ofd st 4 2
FS

1r
2o

ol

g} o
ol e 54g AU
ke % 2013, 23 cfeat g

r& 2 :&9

2 ﬁlﬂo}ﬂﬂ A4 ?%T’/}- ey o] Aol #5
W7sE7] wlof (Manuel and Mercado 1977), 1lu}
2], mjupe] Suf 22 @ 2EET AR Fe
SHARE o7 |55, AW T 22 A 2EETE
AR o] Wk webA f5o] =7 5P AR i
of A7 22 AeS ST =M HEZA|T 9
WYL oAlE 4 ok Ea SEAE B4R
7 SAl0] A4EE Aol FoF S (Hsiao and
Huang 1989), A4-20A] 9% 717H 4918 45
AomH olse] WAL 7Kse 4 ok wh °
SRS P 2 8] B oAt

= 557 olE $g 4 ok wERAEL 2 9
£ H2 oAe 7] o] AR A1
2 A% e 4 ol ulel o] A=) et 41
oA ®7| dhao]| =711t} (Greenway et al. 2003).
dAE =

2 Ao AR A =7 S mekE st
st 27 ol A=
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