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This research aimed to identify the diversity and the distribution of invasive alien plant species in
the metropolitan city of Busan, South Korea. According to our results, we discovered 10 species of
invasive alien plants distributed in Busan, demonstrating that this urban area has a high domestic
plant diversity. A cluster analysis identified that the dominant communities of Aster pilosus, Lactuca
serriola, Ambrosia artemisiifolia, Rumex acetosella and Solanum carolinense were highly similar in species
composition. Different species of invasive alien plants tended to occur together in dominant commun-
ities, indicating their preference for shared habitats. The most extensively distributed species in Busan
were Lactuca serriola (16 districts), followed by Ambrosia artemisiifolia (11 districts), Aster pilosus (11 dis-
tricts) and Rumex acetosella (10 districts). The administrative districts with the most diverse invasive
alien plants were Gangseo-gu (8 species) and Buk-gu (8 species), which are both areas with high hu-
man interference and diverse habitats. Additional environmental information was collected for these
species” habitats in Busan. The results of this research can be used to assess the current status of in-
vasive alien plants in Busan and can provide basic data useful for effectively controlling and prevent-

ing the spread of invasive plants.
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Table 1. Area and population of Busan metropolitan city (2015)

Region Area (km’)  Population Note
Gangseogu 181.6 97,163 airport, port
Geumjeonggu 65.2 251,146
Gijanggun 218.3 153,873 port
Namgu 26.8 288,165 port
Donggu 9.7 94,684 port
Dongnaegu 16.6 274,274
Bukgu 394 308,213
Sasanggu 36.1 244,426
Sahagu 41.7 344,353 port
Seogu 13.9 118,048 port
Suyeonggu 10.2 181,497
Yeonjegu 121 211,155 city hall
Yeongdogu 14.1 132,103 port
Junggu 28 47,909 port
Busanjingu 29.7 387,580
Haeundaegu 51.5 427,789 port

Total 769.7 3,562,378




410 BBULRIX| 2017, Vol. 27. No. 4

2T 9olE o] BAA B AAA
g2l §EALT Be EAol,

Ho
N
pac
= rlr
= \1

ATE B4R AY YHATHYES Yo 2AE
Z_o]z]u]- 0]

o4 &R 5UE
Toll el 77t ol Fol At

o
lo
fu
ol
w2
E)
S
r_{m oL
o=
> 2
i
>
>
Ql’,
R
ful

r
B o
BN
= >
rlr
N
(]
—_
Q1
rL
oo
o
—z
An)

ojfolx o, 7 YA
AA OPS’iE}. AHHEE 5%

—L]
i) nJE

12 o

10 +

No. of species

Regions

Fig. 2. Species diversity of invasive species at the regions, re-
spectively. (BS: Busan (this study), JN: Jeonnam [11, 36],
GG: Gyeongido [16, 21, 36], JJ: Jeju [36], SU: Seoul [18,
23, 36], JB: Jeonbuk [36], UL: Ulleung [43], GW: Gang-
won [36], CN: Chungnam [36], CB: Chungbuk [36]
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|Zatqith 7 £o BEgl FRHEE GIS (Ver51on 10)2 %}% G0l & AOE *64 At (Fig. 2). LAt BFEACA
stel Yeholth A% vl 4 4A4R R g o 27} #dd T2 o715 Y (Rumex acetosella), 7+ 2k (Sicyos
Hzo oz Azsle] TROZ A F3 T Park [37] Lee [24], angulatus), S V7R (Solanum  carolinense), 7| =% 57 o]
Lee [30], Lee [32], Ha [9] 5¢] o3 S43toH, A ERES (Aster pilosus), &5 = A F(Ambrosia trifida), S| A & (A. arte-
sty AETEAY BREAFYT misiaefolia var. elatior), A %3 % (Hypochaeris mdzcata) 7HA]
&5 (Lactuca scariola), %7 9 H(Solldugo altissima), =74 9]
2} 4 jmEk (Paspalum distichum) 5.2 AF¥SIZVE, YFALE, AZE
E 3% 2x7 A %9)@[19 22].
SN MEfHmEAIS Cley AHATAN HFEEHEE RABAN ] £4E U
Table 2. The invasive species in South Korea
Scientific name Family Life form Origin DY. Note
Rumex acetosella L. Polygonaceae Hemicryptophyte Europe 2009
Sicyos angulatus L. Cucurbitaceae Therophyte North Ame. 2009
Solanum carolinense L. Solanaceae Geophyte North Ame. 2002
Aster pilosus Willd. Compositae Hemicryptophyte North Ame. 2009
Ambrosia trifida L. Compositae Therophyte North Ame. 1999
Ambrosia artemisiaefolia var. elatior (L.) Desc. Compositae Therophyte North Ame. 1999
Eupatorium rugosum Houtt. Compositae Geophyte North Ame. 2002
Hypochaeris radicata L. Compositae Hemicryptophyte Europe 2009
Lactuca scariola L. Compositae Therophyte Europe 2012
Solidago altissima L. Compositae Hemicryptophyte North Ame. 2009
Spartina alterniflora L. Gramineae Chamaephyte America 2016
Spartina anglica Hubb. Gramineae Chamaephyte Europe 2016
Paspalum distichum L. Gramineae Chamaephyte Tropical asia 2002
Paspalum distichum L. var. indutum Gramineae Chamaephyte North Ame. 2002 Invalid
North Ame.: North Ameraica, D.Y.: Deginated Year
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I rmERol7t M £ FEETE A (0923)F EA 0] 9l th(Table 4, Fig. 4).
o, 7hAuba} hF S E 2] E(0.846), A ¥aEx 9 A 9 BExwde on 958,006 m)), A (27,030
0.778)0] A& &L X & e U THTable 3). Y H m’), FEAHAE23812 m’) 50| H& WHOoE HEE
ALTANE F 2AFFAAE vg& Ao 47| 7} BRI 9lo, kA 45314 mY), E71HI7EA (116 m?) 5ol
A Ogst £ 6EFH(E&ANIIA, dFUHAE, HAE, we Hygow EEAT
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HAt AR E ST 7hed g A o U L A Th(Fig. 5). N 71 G (Rumex acetosella)> F-2+%
g2 AdgAndAEo] Ay 2d3A dv 52 EAHA A Yo 2A §2 RGeS Y Qo AA T,
% TH(Table 3). o8¢ A& HAtFHA o EA3ts o AT D NAT FolAe BEVF EAHA St ElE
o AeA w2 Eo] AR FHE FEEES HolH, A Bz o] Bx@AL 300 molstse dWtH o AFFSS
ANAE A48t 9SS onsit} FAste AR SAH Ak 7HA B (Sicyos angulatus)E 73 A
Table 3. Similarity ratio of invasive plant communities

RuAc SiAn SoCa AsPi AmTr AmAr HyRa LaSc SoAl PaDi

RuAc 1.000

SiAn 0.055 1.000

SoCa 0.418 0.462 1.000

AsPi 0.560 0.923* 0.576 1.000

AmTr 0.330 0.846* 0.407 0.349 1.000

AmAr 0.495 0.692 0.576 0.419 0.488 1.000

HyRa 0.286 0.308 0.339 0.194 0175 0.216 1.000

LaSc 0.637 0.615 0.627 0.597 0.538 0.468 0.778* 1.000

SoAl 0.209 0.615 0.237 0.279 0.250 0.207 0.306 0.205 1.000

PaDi 0.022 0.077 0.017 0.039 0.075 0.036 0.028 0.024 0.068 1.000

*: >0.750, shade: common occurrence, community code: RuAc: Rumex acetosella, SiAn: Sicyos angulatus, SoCa: Solanum carolinense,
AsPi: Aster pilosus, AmTr: Ambrosia trifida, AmAr: Ambrosia artemisiaefolia var. elatior, HyRa: Hypochaeris radicata, LaSc: Lactuca scariola,

SoAl: Solidago altissima, PaDi: Paspalum distichum
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Table 4. Distribution area and frequency of invasive species

Ra Sa Sc Ap At Aa Hr Ls Sal
No. of quadrat 34 12 18 60 39 36 12 128 25
-0 d (9%) (3%) (5%) (16%)  (10%)  (10%) (3%) (34%) (7%)
No. of district 10 4 9 11 9 11 3 16 6
' (63%) (25%)  (56%) (69%)  (56%)  (69%)  (19%)  (100%)  (38%)
Area (m) 358 1,698 116 5306 23812 2421 6,703 314 58,006
(03%)  (14%) (0.1%)  (42%) (189%) (19%) (53%)  (02%) (46.1%) (21.5%)

Ra: Rumex acetosella, Sa: Sicyos angulatus, Sc: Solanum carolinense, Ap: Aster pilosus, At: Ambrosia trifida, Aa: Ambrosia artemisiaefolia

var. elatior, Hr: Hypochaeris radicata, Ls: Lactuca scariola, Sal: Solidago altissima, Pd: Paspalum distichum
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Fig. 4. The status of distribution and abundance of invasive species.

35°12°0"

34°48°0"



var. elatior !

Rumex acetosella _;i-ﬁ || sicyos angutatus *

Ambrosia artemisiifolia q | Hypochoeris radicata :qi |

Journal of Life Science 2017, Vol. 27. No. 4 413

Solanum carolinense . ;45 | | Aster pilosus i ;qé || Ambrosia trifida : * A
Io & " % 5 I Jr = =1 5
+ + A .y
’ A A
p— — —
| ——— s ——— s | —_— °

Lactuca scariola

* Solidago alfissima. - _;’F Paspalum distichum - ;4'5 |

Sy
A

Fig 5. Distribution pattern of invasive species in Busan metropolitan city.

-

of
4

’ >
. 01):
-

puah

Hz

-

=2

+
N
o
3¢
_|>~_,
QL
-

I
2
>
M
(G IE
AN
N
to

)

fu)

30

lo

=
i}

0,
)
o x
1>
o
R

A

b

(Aster pilosus

A gxstal glon, /b @ e &
T

oA #ZHUSG. 1 el = 7%

)

N, e fr rgi e i
o 4o

o

oA Aol BT o2 ol

= (Ambrosia trifida) 3t & X3 2

&l
TEF 2 T HFHOR £33
E3] gA% AEA AEAYA I

shs o FAHRUT o] 7t

bl
il

R e T

M

=

ofl

QL

e

= N
N, fo

2y

of2
18

N

fr A

-

bRl

i

i
D

2]
ofd

>

-

Oft

14
oo

ro
k%)

i\

-

o

lo

1+
=1
A=)
T
}

o

#

N

——

e

=
j19‘ mlo

fu o
o= g
bl
o

b

o

= §
18 rr K oyo
= e 8

-

2 30
=

EV)

o £ oy
£ wo
e 28

¥ o
rr
o)

. =
g

o 32 & Jo

e A u)
lo
fu
gT o W

}A (Solanum  caro-

)

o o
<

-~ £
=

=1

32,

o

710

o 1 IR
e 2 g |
e X g 2o S R

= ool iy A Jo rF

2

2o
=2
2

<

Ru}
of
rde
e,
=

oA 1 37} it EE S A HAE(A. artemisiaefolia
var. elatior)& AT GUE A TF FAFHA AHA £

EE dehla 9o, 549 BF
KN
A

A4 3k o EA0l A X

0% gne FHREE H2T

ol A #2E At A FaEZ(Hypochaeris radicata
AT 2 a2t s AHAE SACE AT

K
o
2
*

Y
o
M
b
i

Hol& Aoz SAHNY. that o] LHA = H4dx7kE
Ao} SRR dof g AN EANEAYA T
AT o] FetA o] FoAAL e AYS FAHLE &4
Hlon, Exuo] gAHE FFE Kol S+ Aow
UEH . 7FAI 33 (Lactuca scariola)= 439 A Ao 2
A Vg FEe THEEE Yl o 54 A9 o
F& HolA for, qiie Ao 287 E (300 m’
o|ah)e] F2 & Bt ¥ AH (Solidago altissima)e %57
HEAJ] AT, HF, AT, Ast7-o] A9 A sk d o) A
T2 FZ7L AJHNCH, #4974 JHA 2 1T dd F
T2 FHAME F2 W29 THEEvt AHT EE
A g BA gou, BN AYALGAE 7hL
7H4 ™ #(5,001~40,000)9 TEo] 270 A GoA FAHH, &
7F SAE Aol M 22 =9 7S WINTE AR
A ATh. &3 3 (Paspalum distichum)e= %57 L
of dgd AdH X & dedth shdd EA R 1
AU FAFESA diolA 271 FAEon, £3
3 detidTsde FHE Eo

ARG Y AT EEY FEE T, gy
H, 23NN, GFAAAE S0l FAZ B2AEFES Hole
H, o] $2 sk /5A A5 A4AE 7HA7] W&ol
AdeExes THdA AFEE FHCE W2 d49 &2
€ Hole T UFAVISI 4% dEdAE 1 F27}
ARHIL e AR EeA ok H2 BaoA s @



414 BBULRIX| 2017, Vol. 27. No. 4

2

o W o o
my i
f

2L

o

N
12
o

re

4

i

oft [

o AT
H

S AN

>

o o

1 o

> &

. K
5 X0
rlr

2o

B koo
oh rlo b

g KX
Mr o X2

Ao iz
o
A,
=
g:(_)‘
rir
sl
|o
fru
ot
ro
e o

2o
b

i e
g

2

rlo

o2

Ao,

o

4=

ofN e
)

i

&
o2

=

182

it}

2t

=

Ol

fr b o
of\ A

)
>
=2

X 2

V)
of
e
0
>
(G}
ol
o
(<3

QL

to 2= K =
i rlo pob 3@ ¥R g

ROy

Rui:)

= |

(2o g [0 &2

J‘U d
B
ol 2 Az 12

Jo o

Ruig

XN > A
o 2 T

o
o
{o
A
rlo
ox
=)
flo
oflt
oXx
ol
ol
=
)
o

rr 1 oA

9#
qn =

-
-4 e £
1> 4 OR
rr o 08
offf fa 2
or’)}‘zlﬁz
ME oy oo 02
3 o 02
_‘_'&o‘ﬂlg
MFIFJR T
re \l\nm'"'
> T 0>
ﬂ[or‘iogﬁ
T =3
»;I‘F]EEOQE
S
O ¥
X q
2
>x =
i

ot ¥ 62

2 (o B o0r

HoE

%A T}(Table 5).

EAA A A ALBRYE] &
125264 m*o] 9} ov, 714 ¥ Wzo] geld AY
(99,999 m*) %} AF8HT-(11,071 m?) ol ATt AhA
BIXE 233 AYGL 5720 m)% FT7(6 m)) 5|

_|
>

BAFAA AA WA (769.7 km?)oll A A} A 4] Eo]
AE WAL 00163%°l ke, 24 A9 YA
9 @A gy AeARFLE] AAstE BHE FA
(0.0551%), AFat7(0.0265%) Tl FHZ o2 Wi, F& W9
£ A8k e AHL 5 7(0.0001%)2F H7-(0.0001%
& % TH(Table 5).

~

Table 5. Species diversity and distribution area in each district
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. No. of invasive
District

species / area (km?)

Area of invasive specie Ratio of invasive

species community (m?) specie community (%)

Gangseogu 8 227 99,999 0.0551
Geumjeonggu 5 13.0 11,071 0.0265
Gijanggum 5 437 4,302 0.0119
Namgu 4 6.7 4,312 0.0110
Donggu 3 32 2,645 0.0051
Dongnaegu 5 33 322 0.0032
Bukgu 8 49 235 0.0019
Sasanggu 7 52 1,146 0.0018
Sahagu 5 8.3 96 0.0007
Seogu 5 28 195 0.0007
Suyeonggu 5 20 1,322 0.0006
Yeonjegu 5 24 50 0.0004
Yeongdogu 5 28 6 0.0002
Junggu 2 14 20 0.0002
Busanjingu 4 74 22 0.0001
Haeundaegut 6 8.6 21 0.0001
Average 51 87 7,860 0.0007
Total 10 77.0 125,764 0.0163




Table 6. Habitat conditions of invasive species dominant community
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Ra Sa Sc Ap At Aa Hr Ls Sal Pd
. 121+187 3+4 67127  78+160 22458  159+156 9+8 3+4 849 343
Elevation (m)
(2-757) (0-16) (1-467)  (1-762)  (1-359)  (1-660) (1-26) (0-16) (1-81) (2-11)
Slope () 6+8 1415 14 6+11 8+12 9+11 2+4 347 1011 0
(0-35) (0-35) (0-15) (0-50) (0-50) (0-45) (0-15) (0-25) (0-50)
open 7 12 7 44 34 16 10 41 25 10
Light halfshadow 13 0 5 2 4 12 1 2 0 0
shadow 8 0 3 1 1 4 1 2 0 0
grave 0 1 1 0 5 0 0 0 13 0
sand+grave 4 1 3 4 0 7 0 10 0 0
sand 4 0 2 7 2 2 2 6 1 0
Soils sand loam 4 1 4 5 9 3 0 10 0 0
loam 15 7 4 24 14 16 10 15 5 0
silt loam 1 2 1 6 9 4 0 4 6 1
silt clay loam 0 0 0 1 0 0 0 0 0 0
silt 0 0 0 0 0 0 0 0 9
dry 11 2 11 15 17 2 22 15 0
moderate 10 8 3 25 15 15 8 19 5 0
Moisture semi-wet 7 2 1 6 7 8 2 4 5 0
wet 0 0 0 0 0 0 0 0 0 1
aquatic 0 0 0 1 0 0 0 0 0 9

Ra: Rumex acetosella, Sa: Sicyos angulatus, Sc: Solanum carolinense, Ap: Aster pilosus, At: Ambrosia trifida, Aa: Ambrosia artemisiaefolia
var. elatior, Hr: Hypochaeris radicata, Ls: Lactuca scariola, Sal: Solidago altissima, Pd: Paspalum distichum
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