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ABSTRACT: Linear development such as road and railway construction is considered to be an important factor in the
dipersion agent of alien species. The purpose of this study is to investigate the effect of road project implementation on the
introduction of alien plants. We selected the roadworks that have been completed or completed by more than 70% of the
projects in the Han River basin environment agency. The alien plant data were divided into five phases: pre-construction (P0)
and construction (P25, P50, P75, P100) according to the annual process rate. As the construction progresses, the naturalization
rate, the urbanization index and the tendency of the number of exotic plants increase. Especially, alien plants were introduced
rapidly at the beginning of the construction period, and the introduced species continued to appear until the construction
was completed. Therefore, it is necessary to minimize the introduction of ailen plants by concentrating management of
embankment process and the vegetation restoration process at the beginning of roadworks.
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Fig. 1. Map showing the eight study sites of road construction in Korea (BO, Bono~Omokcheon; SM, Seolma~Gueup;
SG, Singal; YJ, Yeoju IC~Janghowon; YC, Yeoncheon~Sintan; JH, Jangheung~Songchu; JS, Jeokseong~Jeongok;

JL, Jori~Paju).

Table 1. Road section, implementation company, authorizing institution, road length and road type of the study sites.

Project name Road section Implementation Authorizing Izr?at?l Road type
(Site abbreviation) company institution (kr?q) yp
Bono~Omokcheon . .
road construction | Bo:o-dong, Ansasn-3| ilc Gyeon_ggl-d?r Gyeonggi-do 54 Local road

(BO) mokcheon-dong, Suwon-si onstruction office
Seolma ~Gueup Nam-myeon, Yangju-si ~ Gyeonggi-do
road construction Jeok yeon, gJP usi | C yeongg i Gyeonggi-do 8.0 Local road
(SM) eokseong-myeon, Paju-si onstruction office
. Seoul Regional Seoul Regional
Singal road Construction and | Construction and
construction Giheung-gu, Yongin-si M M 5.1 Detour
(SG) an_ageme_nt an_ageme_nt
Administration Administration
Yeoiu IC ~Janghowon Seoul Regional Seoul Regional
) gn Jeombong-dong, Yeoju-si ~ | Construction and | Construction and .
road construction YeoiU-si M M 8.3 National road
(YJ) Jeomdong-myeon, Yeoju-si aqagemgnt aqagemgnt
Administration Administration
Yeoncheon~Sintan Seoul Rgglonal Seoul Rgglonal
h Yeoncheon-eup, Construction and | Construction and .
road construction 10.7 National road
(Y0) Yeoncheon-gun Man_agemgnt Man_agemgnt
Administration Administration
Janaheuna~Sonachu Seoul Regional Seoul Regional
rog d cor?structigon Jangheung-myeon, Construction and | Construction and 8.3 Detour
(JH) Yangju-si Management Management ’
Administration Administration
~ g Seoul Regional Seoul Regional
Jeokseong Jeongok Cheongsan-myeon, Yeonche Construction and | Construction and _
road construction on-gun ~ 17.8 National road
(JS) Jeokseong-myeon, Paju-si Management Management
’ Administration Administration
Jori~Paju road Jori-eup, Paju-si ~ Gyeonggi-do
construction p. a) yeongg Gyeonggi-do 13.7 Local road

(L)

Beobwon-eup, Paju-si

Construction office
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Table 2. Summary of ANOVA for testing the effects of road length on floristic characteristics of alien species.

- - Road length
Floristic characteristics
F value P value
Number of alien species 1.845 0223 ™
Percentage of alien species 2.457 0.168 ™

Table 3. Classification of the construction progress rate by annual reports (Abbreviations of sites refer to Fig. 1) (PO,
pre-construction; P25, P50, P75 and P100, 1-25%, 26-50%, 51-75% and 76-100% of construction progress rate,
respectively).

Sites | Items PO P25 P50 P75 P100
(NA)* (1-25%) (26-50%) (51-75%) (76-100%)
BO | Order 1st | 2nd | 3rd 4th | 5th 6th 7th | 8th -
Rate (%)| O 4.1 (20.1|259 30.9 | 50.3 67.8 84.1| 100
Year 98 10 | 1 12 | 13 14 15 | 16
SM | Order 1st | 2nd | 3rd 4th | 5th | 6th | 7th | 8th | 9th |10th -
Rate (%)| O 52 |15.1|27.2 324|451 |49.259.2|59.9 (71.6(82.1
Year 05 07 | 08 | 09 10 | 11 12 | 13 | 14 | 15| 16
SG Order 1st | 2nd | 3rd | 4th 5th | 6th 7th - -
Rate (%)| O 10.6 | 125| 18.8 | 27.2 37.4|58.8 79.2
Year 07 10 | 11 12 | 13 14 | 15 16
YJ Order 1st | 2nd | 3rd 4th | 5th | 6th | 7th | 8th 9th In Opr. **
Rate (%)| O 9.3 120.8|29.5 37.9|43.6 | 525 (64.2|81.7 100 100
Year 04 07 | 08 | 09 10 | 11 12 | 13 | 14 15 16
YC Order 1st | 2nd | 3rd 4th | 5th | 6th | 7th | 8th | 9th |10th| 11th -
Rate (%)| O 6.5 |13.1]22.2 30.6 | 384 |47.4 |63.4|67.4 | 75 |82.5|98.8
Year 03 06 | 07 | 08 09 | 10 | 11 |12 | 13 | 14 | 15| 16
JH Order 1st | 2nd | 3rd 4th | 5th 6th | 7th 8th | 9th |10th -
Rate (%)| O 0.7 | 5.46 | 17.8 3721453 62.4|75.9 854|854 1925
Year 04 06 | O7 | 08 09 | 10 1] 12 13| 14 | 15
JS Order 1st | 2nd | 3rd 4th | 5th 6th | 7th 8th -
Rate (%)| O 3.1 ] 97 182 32.5 | 52.7 63 | 69.3 83.3
Year 05 09 | 10 | 11 12 | 13 14 | 15 16
JL Order 1st | 2nd | 3rd | 4th | 5th | 6th | 7th 8th | 9th - -
Rate (%)| O 09 | 18 | 69 |125|20.2|33.6 | 46.3 65.9|73.2
Year 05 08 | 09 | 10 | 11 12 | 13 | 14 15 | 16

*NA, no action; ** In Opr., period of ‘in operation’ after construction
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Fig. 2. Comparison of the number of alien species with
construction progress rate. The horizontal line within
the box indicates the median, boundaries of the box
indicate the 25th- and 75th- percentiles. Error bars
indicate the value of range from the greatest to the
least, excluding outliers and circles indicate outliers.
Different letters above the graph mean significant
differences between the numbers of exotic species
according to the construction progress rate (* p < 0.05)
(PO, pre-construction; P25, P50, P75 and P100, 1-25%,
26-50%, 51-75% and 76-100% of construction progress
rate, respectively).
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Fig. 3. Relationship between the number of alien species
and the progress rate of road construction (* p < 0.05).

Z7skitt (p < 0.05) (Fig. 3).

AAISHSIE (Fig. 4). o1 FIC- 354
E2(Y)), X“o AL =2 (JS), A49-3] =2 (SG) A
P BEAAO] Ho| 2 913l T2 At ]
Atk (Fig. 4a). 375N whet 2F ARG mAISHA] 4
(UD) % 713H8 (PN)o] Z7F5Re 1AL o 2 o]
o= 7ol 1= Tt (Fig. 4b). 3t <) <12
AlEE A7) kgt wheh A4 (PAN)ol A o] |
A oA} EhAAl (PBE).2 th sl gl on], et 2y
Ay o)t Al E R 7S (Lasce), A EH=
(Euw.ru), 22]A (Da.gl), A= (Er.bo) 5] el tt
(Fig. 4b). ol2] A}E Fatahe, 2t 1ol 358
o] S7Itoll wheh AR AFYell Al gk (PN),
TAER4= (U, 8 Qefj A= 1 (family) 9] <= (NOF)
9 o] |14 o] 4 Tl 22412 FEN| & (PBE)S 5
7o 1A 2Jef 4 20] S RN SPAN)S 7H4e
ko r o5 star glom, FAR] Xggo] EfiAlE F
O] Hojof| gk mA|aL Yltk= e & = Ut (Zeng

etal. 2010).
33 QAlZ B8 U Sl0| x|AN

FAE w2t 2 AR A E &S Qe E 7
o] 24 o] %_115/\(1)401]/\«] 0]1,%1\(1)4 5.0 thiy %



Y. Chu et al. / Ecol. Resil. Infrastruct. (2017) 4(3): 156-168

I iy
S YI_P25
P
YI_P100" O
YI_PO
YIPs0
—_ I$_P50 [Csm_po \’;&E”' sG ps
e ﬁmgg p2sUs_p100 -
PSP (OBo_ro S56.pso
15 P75
~ I'sc p2s
ye_po[ > A, S
< _pof BO_P100 7

PCoA 2 (21%)
0

SM_P100-T71

= PO/ SM YC_P75
S 2
IS
mpas L =
o YC_P50
N o [p-yc p2s
S T T N T T
-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3
PCoA1 (32%)
(a) Plot

161

Sevu

Lasc

-0.1

PAN

-0.2

. . . . .
03 0.2 -0.1 0.0 0.1 0.2 03
PCoA 1 (32%)

(b) Species

Fig. 4. Results of principal coordinates analysis (PCoA) using flora data at the construction sites. Biplot of road construction
sites (a) (white, PO; vertical line, P25; horizontal line, P50; grid, P75; black, P100, abbreviations refer to Table 1)
and biplot of alien species with species traits (b) (Ul, urban index; PN, naturalized ratio; NOF, no. of family; PAN,
percent of annuals; PBE, percent of biennials) (abbreviations of species refer to Table 5). The length and angle of
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Table 4. Changes in number of alien species according to the status and introduction types (abbreviations of sites

refer to Table 1).

Sites Disappeared sp. | Continued sp. .Introduced sp.. ('N). Disir;nilfrity

(DN) (CN) Intentionally Unintentionally (%)
Bono~Omokcheon (BO) 3 19 0 11 42
Seolma ~Gueup (SM) 13 21 2 9 53
Singal (SG) 21 2 5 14 50
Yeoju IC ~Janghowon (YJ) 8 28 4 13 47
Yeoncheon~Sintan (YC) 2 16 3 17 58
Jangheung~Songchu (JH) 3 13 3 20 67
Jeokseong~Jeongok (JS) 0 13 2 15 57
Jori~Paju (JL) 1 19 1 5 27
Mean + Standard error 6+3 1643 3+2 13+2 50+4

*Dissimilarity = (DN + IN) / Total no. of species.
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Table 5. Major alien species at the road construction sites.
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Scientific name Korean name | Abbreviation | Growth form | Life cycle | Introduction type
Abutilon avicennae O{X{7 Ab.av Herb Annual Continued
Achillea millefolium MIEEE Ac.mi Herb Perennial Unintentionally
Ailanthus altissima HELIF Ai.al Tree Perennial | Continued
Amaranthus lividus JHEIE Amli Herb Annual Continued
Amaranthus retroflexus S| Am.re Herb Annual Continued
Ambrosia artemisiifolia var. elatior | K| Z Am.ar Herb Annual Continued
Ambrosia trifida CHEAYEX|E Am.tr Herb Annual Continued
Ambrosia trifida for. integrifolia SZUHK|E Am.ti Herb Annual Disappeared
Amorpha fruticosa ZX[HIM 2| Am.fr Shru Perennial | Continued
Aster pilosus Oj=242730| As.pi Herb Perennial Continued
Astragalus sinicus ey As.si Herb Biennial Intentionally
Aster subulatus H|m £ =25t As.su Herb Annual Unintentionally
Avena fatua HI7H 2l Av.fa Herb Biennial Continued
Avena safiva = Av.sa Herb Biennial Disappeared
Bilderdykia dentato-alata 2HoldZ Bi.de Climb Annual Unintentionally
Bidens frondosa O|=7tafAtE| Bi.fr Herb Annual Continued
Bilderdykia dumetora Eold= Bi.du Climb Annual Unintentionally
Brassica juncea var. integrifolia A Br.ju Herb Biennial Continued
Bromus tectorum M2 Br.te Herb Biennial Unintentionally
Calinsoga ciliate EEEaEl Ca.ci Herb Annual Unintentionally
Carduus crispus X=p{0|HPZEF | Cacr Herb Biennial Continued
Cannabis sativa =l Ca.sa Herb Annual Disappeared
Centaurea cyanus =25t Ce.cy Herb Biennial Intentionally
Chenopodium album ElHot Ch.al Herb Annual Disappeared
Chenaopodium ficifolium EFHorF Ch.fi Herb Annual Continued
Chenopodium glaucum F|Hot Ch.gl Herb Annual Continued
Chloris virgata Lt = HF240| Ch.vi Herb Annual Unintentionally
Cirsium ochrocentrum MYTHALDZER | Cioc Herb Biennial Continued
Coreopsis lanceolata 22A= Col.a Herb Perennial Continued
Cosmos bjpinnatus FAZTA Co.bi Herb Annual Continued
Conyza canadensis Uz Co.ca Herb Biennial Continued
Crassocephalum crepidioides FEMLE Cr.cr Herb Annual Continued
Dactylis glomerata 22| Da.gl Herb Perennial Continued
Datura stramonium var. chalybea |S%E Da.st Herb Annual Continued
Erechtites hieracifolia S2MUE Er.hi Herb Annual Continued
Erigeron annuus L= Er.an Herb Biennial Continued
Erigeron bonariensis Al Er.bo Herb Biennial Continued
Eupatorium rugosum MESSL= Eu.ru Herb Perennial Continued
Euphorbia supina O 7| & Hlch Eu.su Herb Annual Continued
Festuca arundinacea 249" Fe.ar Herb Perennial | Intentionally
Galinsoga parviflora 2 ot R H| Ga.pa Herb Annual Unintentionally
Helianthus tuberosus Serx| He.tu Herb Perennial Continued
Hibiscus trionum a4 E Hi.tr Herb Annual Disappeared
lpomoea hederacea Oj=sLre2 Ip.he Climb Annual Unintentionally
lpomoea lacunosa Of7|LtEZ Ip.la Climb Annual Unintentionally
lpomoea purpurata sSoYLER Ip.pu Climb Annual Unintentionally
Lactuca scariola TEAIM La.sc Herb Biennial Unintentionally
Lepidium apetalum CHerdol Le.ap Herb Biennial Continued
Lepidium virginicum SCieErdo| Le.vi Herb Biennial Disappeared
Lolium perenne U= Lo.pe Herb Perennial Intentionally
Melilotus alba EsSmel Me.al Herb Biennial Intentionally
Medicago lupulina o P I=] Me.lu Herb Biennial Continued
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Scientific name Korean name | Abbreviation | Growth form | Life cycle | Introduction type
Medicago sativa A0 R 2| Me.sa Herb Perennial | Unintentionally
Melilotus suaveolens HsMel Me.su Herb Biennial Continued
Oenothera biennis =ofo|z Oe.od Herb Biennial Continued
Oenothera erythrosepala 2ggo|& Oe.la Herb Biennial Continued
Panicum dichotomiflorum. al=7471% Pa.di Herb Annual Continued
Papaver rhoeas FHYHH| Pa.rh Herb Annual Intentionally
Persicaria orientalis Eo{¥ Pe.or Herb Annual Continued
Phleurn pratense =XV ]| Ph.pr Herb Perennial | Intentionally
Plantago lanceolata HEZF0| Pl.la Herb Perennial | Unintentionally
Phytolacca americana o=xtels Ph.am Herb Perennial | Continued
Phyfolacca esculenta AHEIS Ph.es Herb Perennial Disappeared
Poa pratensis gzotE Po.pr Herb Perennial | Continued
Potentilla supina SR Po.su Herb Biennial Continued
Quamoclit coccinea SZ2UREX Qu.co Climb Annual Continued
Robinia pseudoacacia OFTJF AILER Ro.ps Tree Perennial | Continued
Rudbeckia bicolor HEHMRIZ Ru.bi Herb Perennial | Continued
Rumex acetocella oi7|+Y Ru.ac Herb Perennial | Continued
Rumex crispus E= o] Ru.cr Herb Perennial | Continued
Rurmex obtusifolius EAC|HO] Ru.ob Herb Perennial | Disappeared
Senecio vulgaris A Se.vu Herb Annual Continued
Sicyos angulatus ThAI Si.an Climb Annual Unintentionally
Silene armeria BOo|CHLt=E Si.ar Herb Annual Continued
Solanum americanum ol=7tors So.am Herb Annual Unintentionally
Sonchus asper U IIX|S So.as Herb Annual Continued
Sonchus oleraceus RIS So.ol Herb Annual Continued
Symphytum officinale =g Sy.of Herb Perennial Unintentionally
Tagetes minuta gt~ ol xHH| Ta.mi Herb Annual Unintentionally
Taraxacum officinale MYolsd Ta.of Herb Perennial | Continued
Thiaspi arvense 2 Ho| Th.ar Herb Biennial Continued
Trifolium pratense BE2ETNNE Tr.pr Herb Perennial Continued
Trifolium repens ENNE Tr.re Herb Perennial Continued
Veronica arvensis MIHELE Ve.ar Herb Annual Continued
Veronica persica EIELE Ve.pe Herb Biennial Continued
Vicia villosa 8IX| Vi.vi Climb Biennial Disappeared
Xanthium strumarium cuokg Xa.st Herb Annual Continued
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Appendix 1. List of alien plants emerged in the road construction sites (Abbrevations of sites refer to Table 1 and
abbrevations of species refer to Table 5).

Abbr.

SM

JS

YC

JL

PO

P25

P50

P75

P100

PO

P25

P50

P75

P100

PO

P25

P50

P75

P100

PO

P25

P50

P75

Ab.av

(e)

Ac.mi

Ai.al

Am.ar

Am.fr

Am.li

Am.re

Am.tr

Amdti

As.pi

As.si

As.su

Av.fa

Av.sa

Bi.de

Bi.du

Bi.fr

Br.ju

Br.te

Ca.ci

Ca.cr

Ca.sa

Ce.cy

Ch.al

Chfi

Ch.gl

Ch.vi

Ci.oc

Co.la

Co.bi

Co.ca

Cr.cr

Da.gl

Da.st

Er.hi

Er.an

Er.bo

Eu.ru

Eu.su

Fe.ar

Ga.pa

He.tu

Hi.tr

Ip.he

Ip.la
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Abbr. BO SG JH YJ

PO | P25 | P50 | P75 |P100| PO | P25 | P50 | P75 | PO | P25 | P50 | P75 |P100| PO | P25 | P50 | P75 [P100
Ab.av
Ac.mi o
Ai.al o o o o o o o o o o o o o
Am.ar o o o o o o o o o o o o o o o o o o
Am.fr o o o o o o o o o o o o o o o o o o o
Am.li o o o o o o ] ) o ) o
Am.re o o o o o o o
Am.tr o o o o o o o o o o o o o
Amcti
As.pi o o o o o o o o o o o o
As.si o
As.su o
Av.fa o o o o o o
Av.sa o o o
Bi.de o
Bi.du
Bi.fr (¢} o o o o o o o o o o ¢} o o o o o
Br.ju o o
Br.te
Ca.ci o o
Ca.cr ¢} o o o o o o o o o o o
Cassa o
Ce.cy o o
Ch.al
Chfi o o o o o
Ch.gl [} o [} o o o o o
Ch.vi
Ci.oc o o o o o
Co.la o o o o o o
Co.bi o o o o o o o o o o o o o o o
Co.ca o o o o o o o o o o o o o o o o o o o
Cr.cr o o
Da.gl o o o o o o o o o
Da.st © © © ©
Er.hi o o o o o o o o
Er.an o o o o o e} o e} o o o o o o o o o o o
Er.bo o o o o o
Eu.ru o o o o o
Eu.su o o o o o >
Fe.ar ® ° °
Ga.pa o o o o
He.tu o o o o o o o
Hi.tr
Ip.he o o o
Ip.la o
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Abbr. SM JS YC JL

PO | P25 | P50 | P75 |P100| PO | P25 | P50 | P75 |P100| PO | P25 | P50 | P75 |P100| PO | P25 | P50 | P75
Ip.pu
La.sc
Le.ap o o o o o o o o o o o o o o o o o o
Le.vi o
Lo.pe
Me.al
Me.lu
Me.sa
Me.su
Oe.od o o o o o o o o o o o o o o o o o o o
Oe.la
Pa.di o o) o o o [¢] o o o o o o
Pa.rh
Pe.or o o o o o ¢}
Ph.am o o o o o o [¢] o o o o o o
Ph.es o
Ph.pr o o
Plla
Po.pr
Po.su o o o [} ¢} o o ¢}
Qu.co [} ¢} ¢} o o o o o o o
Ro.ps o o o o o o o o o o o o o o o o o o o
Ru.bi o o
Ru.ac o o o o [} o o o o o
Ru.cr o o o o o o o o o o o o o o o o o o o
Ru.ob o
Se.vu o
Si.an o o o
Si.ar o
So.am o o
So.as o
So.ol o o o o o o o o o o o o o o
Sy.of
Ta.mi
Ta.of o o o o o e} o o o o o o o o o o o o
Th.ar o o o o ¢} o o o o o o o o
Tr.pr o o o o o o (o) o
Tr.re o o o o o e} o o o o o o o o o o o e} o
Ve.ar o o o
Ve.pe o o o o o
Vivi
Xa.st o o o o o o o o o o o o o o o o o
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" BO SG JH YJ

bbr. PO | P25 | P50 | P75 |P100| PO | P25 | P50 | P75 | PO | P25 | P50 | P75 [P100| PO | P25 | P50 | P75 [P100
Ip.pu o o [}
La.sc o o o o o
Le.ap o o o o o o o o o o o o o o o o o o o
Le.vi o
Lo.pe o o
Me.al o
Me.lu o o
Me.sa o o
Me.su o o o o o
Oe.od o o o o o o o o o o o o o o o o o o o
Oe.la o o o o o o o
Pa.di o o) o o o o o (o)
Pa.rh o o
Pe.or
Ph.am o o ] o o o o (o) [¢] o o o o
Ph.es o
Ph.pr
Plla o
Po.pr o o o o o
Po.su o o o o o o o o o o o o
Qu.co o o o o o
Ro.ps o o o o o o o o o o o o o o o o o o o
Ru.bi o o o o
Ru.ac o o o o o o o o o o o o o o o
Ru.cr o o o o o o o o o o o o o o o o o o o
Ru.ob
Se.vu o o o o
Si.an o o o o o o o o o
Si.ar o o o o o o o
So.am
So.as (¢} o o (¢} (¢} o
So.ol o o o o o o o o o o o o o o o o o
Sy.of o
Ta.mi o o o
Ta.of o o o o o o o o o o o o o o o o o o
Th.ar o o o) o o o o o o o o o o o o o o o
Tr.pr o o) o o o o o o o o
Tr.re o o o o o o o o o o o o o o o o o o o
Ve.ar o
Ve.pe o o (o) o o o o o
Vivi o
Xa.st o o o o o o o o o o o o o o




