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ABSTRACT: The reservoir shores seem to be vulnerable to biological invasion. The purpose of this research was to find out
the floristic composition of alien plants and their relationship between environmental factors on reservoir shorelines in Korea.
We investigated flora of alien plants and environmental factors of geomorphology, hydrology, water quality and soil on the
shoreline of a total of 35 reservoirs with different water level managements. There were 56 species of alien plants, which was
15% of the total plant species identified in the study of reservoirs. A total of 57% of these alien species were the species which
were introduced shortly after opening the port from 1876 to 1921 in Korea. More than 80% of the alien plants on the reservoir
shores originated from America and Europe. The current distribution of Ambrosia trifida and Paspalum distichum were
restricted in the central part and the southern region of the Korean Peninsula, respectively. The water level fluctuation, flood
frequency at the median water level, water pollution index, coverage of rock exposure and mean degree of shoreline slope
were determined as important environmental factors that have an effect on the characteristics of shoreline alien flora. Our
results suggest that the reservoir shore was in danger of being invaded by alien plants due to the water level management
and other human disturbances. For effective conservation of the reservoir ecosystem, periodic monitoring systems are
required for the early detection of alien species on the reservoir shore.
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Fig. 1. Map showing the location of the study sites and
distribution of two alien species, Ambrosia trifida and
Paspalum distichum among study sites (®, Ambrosia
trifida; ®, Paspalum distichum; o, other study sites) (Ba,
Buan; Be, Beongae; Bg, Baekgok; Bp, Bulgap; Br,
Boryeong; Bs, Boseonggang; Cc, Cheongcheon; Ch,
Chuncheon; Cj,Chungju; Cp, Cheongpyeong; Cy, Cho-
pyeong; Db, Dongbok; Dc, Daecheong; Dg, Daegok;
Dj, Daejeong; Du, Dongbu; Gc, Gucheon; Gp, Geum-
pung; Hec, Hapcheon; Hd, Heungdeok; Ih, Imha; Jj,
Jijeong; Jy, Jinyang; My, Milyang; Og, Okgu; Pd, Pal-
dang; Pr, Paro; Sa, Soyang; Ss, Sinsong; Sy, Sayeon;
Ua, Uiam; Wm, Woonmun; Wn, Wonnam; Yc, Yeoncho;
Yh, Yeongcheon).
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Table 1. Pearson Correlation coefficients between characteristics of alien flora and environmental factors in the reservoir

shoreline (n=35).

Environmental factor
. . Range of annual| Lake water |Flood frequency| Shoreline Rock Soil organic
Floristic characteristics water level | quality index' |at median water|  slope exposure matter
fluctuation level
(WF) ((Xe])) (WN) (SL) (SR) (OM)

No. of aliens * * _0 E*
(NEX) -0.33 0.09 0.41 041 0.36 0.00
% aliens s *
(PEX) 0.15 0.19 -0.36 0.11 0.10 -0.41
% graminoids . s * N N
(PGR) -0.44 0.33 0.36 041 0.30 0.26
% annuals and biennials . e . e
(PAB) 0.43 -0.60 -0.16 0.49 047 0.04

* p<0.05, ** p<0.01, *** p<0.001.
"Lee et al. (2014)
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(WF), 9k AbHe] B4 AE (SL) 2 gAweEe
(SR)Z} o] Ahg Holil T4424 H7E]4= (LQI)
2 Fokrg] AMYIE (WN)9F &0 A9hs et
ik olgjel Avke A49HEEe] Ha1 429
5ol Alate 3Qte] AAP Fotal oAo] g

o2 &

FahiA] ke A4H) QoA F2 Thdale] A
AFE ZHe B9 284 deialRo] A 1-294 9
HAlE F4o) wgo] Hrhe A2 Lhehick
HAAE A4 2o SIRARA B4
1 oeAIET BTe) e B OR slofst
7] J5te] MAME AAISHACH (Fig. 3). FREEA
(PCoA)] Ol 41525 vidollq 9.2 9l 7hAJe
(Sing), PIFS1E (Liub), OPZAILHE (Rose), YE
OFE (Pora), HEUE (Vees) 59| 42, ¢
24 28 U BHe clRh AlRo] Lusigm, ©
22 ofelo] v|FA71% (Paa), A4l (Me.ol), I
24 4189 FLUKEE (Quoo) Fo| HEsHc)
(Fig. 3a). ook 2202 Tejme] Y%oli 7]
R (Coin), S92 (Faum), W7HAE (Sole) 5
3 e w mek ARl XSt oleiw
ERERLERED
2HE5 (NEX) 1 B}
Hgo] 9k 159 ¢
FOR 1294 FEES vlE (PAB)O] 91k
S ol AR Aol ol A el g
& (Pd), 9OFE (Ua), A%E (Ty), 3% (Cp) 52
9Pt RO fAEE A4AL i o8
= glofl QAT AHASA (), FFE () &
FAZA] (Og), AEASA] (85) 5| u]a Fgop
37k A9E FUGASA L ©BE ofehe] 91x5t
o, WS (My), THAEA) (Ge), F2HE (Ba),
BEl% (Br) 5o 9 Ee] 21 Boke] AApt

3=

1>
o
ofN
:1::.:
nue
tlo

>
o

N
o,
o



H. Cho and K-H. Cho / Ecol. Resil. Infrastruct. (2015) 2(4): 274-283 279

o PAB

PCO2
L

Co.in

Me.ol

PCQO2
0.0
L

Lal

Og

)
=R ' Cj
.

-0.4 -0.2 0.0 02 04
PCO1

Fig. 3. Diagram of a principal coordinates analysis (PCoA)
of 35 study reservoirs based on the data matrix of alien
flora in the reservoir shoreline. (a) biplot of alien species
with species traits (abbreviations refer to Table 1) (As,il,
Aster pilosus; Br.un, Brassica juncea; Ca.ri, Carduus
crispus; Ch.ic, Chenopodium ficifolium; Co.in, Coreopsis
tinctoria; Fa.um, Fallopia dumetorum; La.ca, Lactuca
scariola; Le.pe, Lepidium apetalum; Li.ub, Lindernia
dubia; Me.ol, Medicago polymorpha; Pa.ia, Paspalum
disticum; Pa.ic, Panicum dichotomiflorum; Ph.sc, Phyto-
lacca esculenta; Po.ra, Poa pratensis; Po.up, Potentilla
supina; Qu.oc, Quamoclit coccinea; Ro.se, Robinia
pseudoacacia; Si.ng, Sicyos angulatus; So.le, Sonchus
oleraceus; Ve.es, Veronica persica), (b) biplot of reser-
voirs with environmental variables (abbreviations refer
to Fig. 1 and Table 1).

TR Qo] e ASAZE el skt
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o|F AlE9] Fhtel digt ASA ¢ HUE o] Ha
Stk Ea FRE BUE olgele] o}S A=
3 A BEAS oS3 Ho] FRalrha 47
Et} (Cho and Lee 2015).
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Ao =9 He]= & sl 24E 957
ol Tk A TS I3k oA offgo
U Aoz A7 AgA] 2010 LAl EEe
= AgAle A RIS T, ole Eol
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Appendix 1. Alien plants in the reservoir shoreline of Korea (Bg, Baekgok; Be, Beongae; Br, Boryeong; Bs, Boseonggang;
Ba, Buan; Bp, Bulgap; Cc, Cheongcheon; Cp, Cheongpyeong; Cy, Chopyeong; Ch, Chuncheon; Cj,Chungju; Dc,
Daecheong; Dg, Daegok; Dj, Daejeong; Db, Dongbok; Du, Dongbu; Gp, Geumpung; Gc, Gucheon; Hc, Hapcheon;
Hd, Heungdeok; |h, Imha; Jj, Jijeong; Jy, Jinyang; My, Milyang; Og, Okgu; Pd, Paldang; Pr, Paro; Sy, Sayeon; Ss,
Sinsong; Sa, Soyang; Ua, Uiam; Wn, Wonnam Wm, Woonmun Yc, Yeoncho Yh, Yeongcheon).

. i . Introduction e Reservoir
Species Abbreviation | Growth form | Life cycle Period* Origin Bg|Be| Br| Bs| Bal Bp| Co

Amaranthus retroflexus Am.et Herb Perennial 1st tA
Ambrosia artemisiifolia Am.rt Herb Annual 3rd Am o o o o o o
Ambrosia trifida Am.ri Herb Annual 3rd Am
Amorpha fruticosa Am.ru Shrub Perennial 2nd Am o o o o o o
Aster pilosus As.il Herb Perennial 3rd Am
Aster subulatus As.ub Herb Perennial 3rd Am
Astragalus sinicus As.in Herb Annual 1st As
Bidens frondosa Bi.ro Herb Annual 3rd Am o o o o o o o
Brassica juncea var. integrifolia Br.un Herb Annual 1st As
Carduus crispus Ca.ri Herb Biennial 1st Eu o
Chenopodium album Ch.lz Herb Annual 1st Eu
Chenopodium ficifolium Ch.ic Herb Annual 1st Eu o o
Chenopodium glaucum Ch.la Herb Annual 1st Eu
Conyza canadensis Co.ca Herb Annual 1st Am o o o o o o
Coregpsis lanceolate Co.an Herb Perennial 2nd Am
Coreopsis tinctoria Co.in Herb Annual 1st Am o
Cosmos bipinnatus Co.ip Herb Annual 1st Am o
Crassocephalum crepidioides Cr.re Herb Annual 3rd Af
Dactylis glomerata Da.lo Grass Perennial 1st Eu o
Erechtites hieracifolia Er.ie Herb Annual 3rd Am o
Erigeron annuus Er.nn Herb Annual 1st Am o o o o o o o
Euphorbia supina Eu.up Herb Annual 1st Am o
Fallopia dumetorum Fa.um Vine Annual 1st Eu o
Festuca arundinacea Fe.ru Grass Perennial 3rd Eu o
Festuca myuros Fe.yu Grass Annual 2nd Eu o
Lactuca scariola La.ca Herb Annual 3rd Eu
Lepidium apetalum Le.pe Herb Annual 1st Am o o
Lindernia dubia Li.ub Herb Annual 3rd Am
Lolium perenne Lo.er Grass Perennial 2nd Eu o
Medicago polymorpha Me.ol Herb Annual 1st Eu
Melilotus suaveolens Me.ua Herb Annual 1st As
Oenothera biennis Oe.ie Herb Biennial 1st Am o o o o o o
Panicum dichotomiflorum Pa.ic Grass Annual 3rd Am
Paspalum distichum Pa.ia Grass Perennial 3rd tAs o
Paspalum distichum var. indutum Pa.is Grass Perennial 3rd Am o o o o
Persicaria orientalis Pe.ri Herb Annual 1st As
Phytolacca americana Ph.me Herb Perennial 2nd Am o o o
Phytolacca esculenta Ph.sc Herb Perennial 1st As
Plantago lanceolate Pl.an Herb Perennial 2nd Eu
Poa pratensis Po.ra Grass Perennial 1st Eu
Potentilla supine Po.up Herb Perennial 1st Eu o o
Quamoclit coccinea Qu.oc Vine Annual 1st tA o
Robinia pseudoacacia Ro.se Tree Perennial 1st Am
Rumex crispus Ru.ri Herb Perennial 1st Eu o o o o o
Rumex obtusifolius Ru.bt Herb Perennial 2nd Eu
Sicyos angulatus Si.ng Vine Annual 3rd Am
Sonchus asper So.sp Herb Annual 1st Eu
Sonchus oleraceus So.le Herb Annual 1st Eu
Spergula arvensis Sp.rv Herb Annual 2nd Eu
Tradescantia reflexa Tr.ef Herb Perennial 1st Am
Trifolium pretense Trra Herb Perennial 1st Eu
Trifolium repens Tr.ep Herb Perennial 1st Eu o o o
Veronica persica Ve.es Herb Annual 2nd Eu
Vigna unguiculata Vi.ng Vine Annual 1st As
Xanthium canadense Xa.an Herb Annual 3rd Am
Xanthium strumarium Xa.tr Herb Annual 1st As o o o o

Total number of species 9| 13| 8 6 8 | 19| 12

To be continued.
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Appendix 1. Continued.

Abbr. Reservoir

Cp|Cy|Ch|Cj|Dc|Dg|Dj|Db|Du|Gp|Gc|Hc|Hd|Ih | Jj|Jy|[My|Og|Pd|Pr|Sy|Ss|Sa|Ua|Wn|Wm|Yc|Yh

Am.et o

Am.rt o o o o o o o o o o o o o o

Am.ri o o o o o

Am.ru o o o o o o o o o o o o o o o

olo|o]|o
o
[e]
o

As.il o

As.ub o

As.in o

Bi'ro e} (o} [e] (o} [e] o [e] o [e] o [e] o e} o e} o ] o ] o ] o o] o] o] o] o] o]

Br.un o o o

Ca.ri o | o o | o

Ch.lz o

Ch.ic o ] o o o o o o o ] o ] o

Ch.la °

Co.ca o o o o o o o o o o o o o o o o o o

Co.an o o

Co.in o

Co.ip o o

Cr.re o o o

Da.lo o

Er.ie o

Er.nn o o o o o o o o o o o o o o o o o o o o o o o o o o o

Eu.up

Fa.um o o

Fe.ru o o

Fe.yu o o

La.ca o o

Le.pe o o o o o o o o o

Li.ub o o

Lo.er

Me.ol o o

Me.ua o

Qe.ie o o o o o o o o o

Pa.ic o o

Pa.ia

o|lo|lo|o
(o)
o

Pa.is o o o

Pe.ri o

Ph.me o o o o o o

Ph.sc o o

Pl.an o

Po.ra o o

Po_up o o o o o

Qu.oc )

Ro.se o o o

olo|of|o
[e]

Ru.ri o o o o o o o o o o o o

Ru.bt o

Si.ng o o o o o | o

So.sp o o o

So.le o o

Sp.rv o

Tr.ef o

Trra o

Tr.ep o o | o o o | o o | o o o olo|lo|o|o]o]|o

Ve.es o o

Vi.ng o

Xa.an o

Xa.tr o o o o o o o o o o o o o o o

Total |18 | 10|14 | 7 | 4 |10| 8 |16 (10|14 | 7 | 8 |14| 9 | 5 |22| 6 | 8 [21| 9 |11 |11|12|17 |17 |10 |13 | 7
*1st period, 1876-1921; 2nd period, 1922-1963; 3rd period, 1964-2015.
** Am, America; tA, tropical America; As, Asia; tAs, tropical Asia; Eu, Europe; Eu-As, Europe-Asia; Eu-Af, Europe-Africa; Af, Africa; Aus., Australia;
etc., other region.




