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Abstract

The purpose of this study was to ascertain the ecological state and problems of eco- bridges
on Korean roads. The study was conducted from March to April 2007 by checking ecological
factors and wildlife around the eco-bridges and habitats. 8 representative eco-bridges were
selected by their bridge shape and condition of location. After field survey, we analyzed ideal
trails for wildlife using field data, digital topology maps, satellite images, and land use map. In
addition to trail analysis, we identified the propriety of the eco-bridges through Population
Viability Analysis. Because of unsuitable location and management, we found that most of the
bridges are not proper for wildlife dispersal. Moreover, in some habitats, we could expect that

some local populations might be extinct without appropriate treatments.
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Figure 1. Localities of study sites

A: Sooraksan-gil, B: Jeongji Park, C: Obong-san, D: Yeombong-jae and Keunheunchi-gogae, E: North Gangreung IC,

F: Urdan-ri, G: Dackmock-jae
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Table 1. Locations and GPS coordinates of Studied Eco-bridges
Eco-bridge location survey date GPS coordinates
‘ . . N 37°20" 00.1"
Obong-San I-dong Uiwang-si Gyeonggi-do 2007. 4. 18 E126' 58 306"
. ‘ N 3737 02,07
Dackmockjae Wangsan-myeon Gangreung-si Gangwon-do 2007. 4. 24 E 128 46 3117
. , . N37 49" 249"
North Gangreung IC Sacheon-myeon Gangreung-si Gangwon-do 2007. 4. 21 E 128 49 06.9”
" 4 o N37 41 03.9"
Urdan overpass Goojeong-myeon Gangreung-si Gangwon-do 2007. 4. 20 E128 55 084
§ o 4 N37 04 33.2
Yeombongjae Jisan-dong Pyeongtaek-si Gyeonggi-do 2007. 4. 19 E 127 05 38.0"
e o L - N 3703 53.9"
Keunheunchigogae Jangan-dong Pyeongtaek-si Gyeonggi-do 2007. 4. 19 E 127 05 36.5
. o . N 3720 31.8"
Jeongji Park Seonboo-dong Ansan-si Gyeonggi-do 2007. 3. 29 E 126 48 35.5
) N 3739 56.7"
Sooraksan-gil Sanggyeo-dong Nowon-gu Seoul 2007. 3. 28 E127 03 523"
Table 2. Used variables for PVA
Lupes coreanus Nyctereutes procyonoides Hydropotes inermis
Extinction Definition Only 1 sex remains
Lethal Equivalents 3.14 3.14 3.14
Percent Due to Recessive Lethals 50% 50% 50%
EV cor}cordance of 05 05 05
reproduction and survival
Age of First Offspring for both sex 1 1 1
Maximum age of reproduction 7 10 10
Maximum Number of
3 1 1
Progeny per Year
0, 0, 509,
Mortality rate Oto1l 65% 50% 50%
mortality after 1 10% 10% 10%
Discase extent: Grobal Rabbie extent: Grobal Discase extent: Grobal
Frequecy: 2% Frequecy: 2% Frequecy: 1%
Catastrophe Fire extent: Grobal Fire extent: Grobal Fire extent: Grobal
Frequecy: 2% Frequecy: 2% Frequecy: 1%
Severity reproduction: 1 Severity reproduction: 1 Severity reproduction: 0.7
Survival: 0.5 Survival: 0.5 Survival: 0.7
AR DAZAE Selol ABSARAT B 94T EATRES] AuAtel APEe] A
Al AgsHe DAY BANRER A AN % A 2 S o
T, SR YL 1:250002 1:5000F A A P =S A9 0| ERES ©&3H9T}
AutoCADMap (Autodesk Inc.), ArcView 3.3 A E =} i’«‘ﬁ]—‘:'z mE 2958 Fleury9
(ESRI Inc.)¥} Imagine 8.4 (ERDAS Inc.)E °]& Brown(1997)9] 353 vl O R FH7|IA | A 414
3tof A 3T, 7], afa, dojet & FE, AA, i A=F

opYF=]

oJHel o]

T2 5

Sfstod

TOoR ko] ARSI,



288 EAFEE} M16H M4

Z¥7Ye| Bl g 27t AAstz AAA] g2 A4
gt dd oM ETY MALEE7EA
(Population Viability Analysis)< EHZAMS vt
gog 7} A9 tES AAsA 279 o
FEE9 A - ety AE= A $1967), ¢
2+(1968), Macdonald(1993), F-¥3(2000), #
e} Br3H2006)2 Tkeda(1982) 5, H ¥ 7]
9 ARE v R o] W A A5kl o

o3
i
Bh0lo] Brlsl Ml Vortex©] 7J2 AANE o] & A ofulE ©AzhE Adskar glo] AYE
4319 Vortex 9.72(Chicago Zoological Society)S WO RM O HH3 AEF BRI
B3 BA50E AFRE M2l T 90} 7l = A ERL, Feoldsa, SR, B F8A|aL
27 w)2)Q] Z+zro] WEIIA Q)o] vEA A2 N, et 5o AR s ww AFolA
RENSAE ARERR AZE S o] wjz) 2 Ou oPe=Ee] THE A5 4 glof A olE
7)ol ulelstol BAFSA S el Ak Ao WIEZF RS R 5 T 2AE RE AR
g g Ao 2 ARt 0] A A4 FUAATHE 7ol Ko7t 9]
A2 A (Minimum Viable Population) = B opdEp g A AdH R 24
2 Shaffer(198)2] 4o% wfet 10009 52t A S 3AH S, oM S0l 2 ok o
o] RS BZo] 99%9) o]2i AHLIIS TARE B ofF FET ARl Al 24
Vortex2] PVAS 53| E&3l9ict, AT} opEEo] F2 o] §RHARE o ofF
Table 3. Features of eco-bridges
Le(ﬁlg)m W(fﬁ;h Llrgli;eed(ﬁzgch Field signs Vegetation Ideal trail Remark
Hare Planted tree ot mate Short Fence;
Obong-san 50 235 625 +271.7 Racoondog layer and hed Piles of logs
Water deer sparse grass layer for small animal
Hare Racoondog Few trees and no | not matc
Dackmock-jae | 20 12 8,063 + 9,119 Water deer . Long Fence
Weasel shrub and grass hed
D] ‘e : .
North 40 68 one side is Racoondog g;ﬂey:eleﬁt;d not matc Tv}\ilj dtl)lrfledijli?ﬁs
Gangreung IC ' cemetery Water deer | & hed .
ayer with cemetery
No Tunnel and
) _ fragmentation . not matc riparian habitat
Urdan 35 6.8 between No signs Shrub layer only hed as wildlife
patches corridors exist
Racoondog Sparse trees and Southern linkage
Yeombong-Jae | 20 10 210 + 1,731 Water deer no shrub and matc hed | has been changed
Domestic dog grass as cemetery and farm
Ke-unheunc - - 300 + 1,731 No signs only shrub layer | matc hed half of bride is
hi-gogae used for people
; - . this bridge is
Jeongji 46 8 5+20 No signs only flower bed - used for people
. one side is . Flower bed this bridge if
Sooraksan-gil | 10.9 5 APT complex No signs with few trees ) used for people
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271 YAok= A= HE deAet SEA = UFER T
et F3 0, AR T ol 52, 24 o] ZH AAS AIZRE (Quercus mongolica)2F A
2l o] 27 o] {311 glo] AlemEke 24 <] U (Quercus acutissima)7t EAE 2Ho|uf i
76 o] /JAgH Zl o7 Helrt, FARol= & (Pinus densiflora), A2
(Alnus firma), 3" -5-(Pinus Koraiensis), H=U5
1. 2SUYHAASR (Salix Koreensis) 5] i120] AJ2jjo]g)a Akg7]
715 QfGFAl Ao AFIJICLE 2JLICAL]of (Rubus crataegifolius), X2 (Rhododendron
A8 Q= LEAHEREE AR Fdths mucronulatum) 59 Q4o HEZS 54
WA-EH AEIERR Q3 FE5I 559 & 73 °o]FL Qllth, o]9o T2 FHo| Bolsd
S AAAIHAE AEBHL T}, 242k Af4f] EFAL} 7HAA 7|5 UE7bA] Hu] Fo] g
H EXuERRel 77k0] WAL R 49} 2t} o] TRy 1220 2o gazE AFela Yt

T oMEEol o8 A= AAAE AAAA (Table 5).
A9} FAE E3Fske] F 300hac] Gttt e Ad=E 23t FHA oA 45k of
ST RE 2R gt U HiEE A =2 YE7|(Lupes coreanus)® YERGIL 1
ol= Zggol glo] olof dish wgho] Ast Ao 9ol Yte](Nyctereutes procyonoides), et
2 VeI AHERS GE9 AF R = AP (Hydropotes inermis) 5% A41& 213k = 3l
ol oMIEES) olgol olelHoN SEMANA  gich. el AR ABAAHZAIAE 2l
olo] EARAL AT} o] g HIET} 23] Y Aog = FaAbol £ (Mogera wogura), U+2], &

Table 4. Land use of Obong-san habitat (hectare)

Type 110 120 210 220 250 310 320 330 410 430 620 Total
P1 10.0 14.5 125 - - 17.9 2.1 5.6 - - - 625
P2 3.0 - 44.3 10.0 0.5 141.3 46.3 16.2 1.7 0.8 7.6 271.7

Total 13.0 14.5 56.8 10.0 0.5 159.2 48.4 21.8 1.7 0.8 7.6 334.3

P1: Northen Patch habitat, P2: Southern Patch habitat

110: Residential district, 120: Industrial area, 210: Rice field, 220: Field, 250: Other cultivated area, 310: Deciduous forest, 320:
Pine forest, 330: Mixed forest , 410: Natural grass land, 430: Artificial grass land, 620: Bare ground

Table 5. State of Obongsan Eco-bridge

Matrix Residential district, Road, cultivated field
Habitat patch Forest

Barriers Noise, Light, Wind, Steep slope of connection

Length 50m

Width 23.5m

Shape Bridge

Vegetation Structure

Planted tree layer, Shrub and grass layer are sparse.

Vegetation composition

Pinus densiflora, Alnus firma, Pinus Koraiensis, Salix Koreensis, Rubus crataegifolius and
Rbododendron mucronulatum

Patch vegetation

Quercus mongolica and Quercus acutissima are co-dominant

MVP Racoondog: 70 Water deer: 250 Korean hare: 120
Dominant Wildlife Korean hare
Remark Piles of rock for insects
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Flgure 2 Virtual world of Obong san habltat with IdeaJ wildlife
trail
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Table 6. PVA results of Obongsan habitat

Year 0 10 20 30 40 50 60 70 80 90 100

R | E - 24 39 55 76 81 86 91 95 95 96
N 10 31.4 23.04 15.24 8.79 6.97 5.05 3.78 2.12 0.63 1.09

W E - 0 1 2 3 3 3 3 5 8 9
N 30 71.66 71 69.29 67.43 69.98 69.05 66.42 64.75 59.88 61.07

k| E - 6 14 24 36 43 52 57 64 76 80
N 20 17.64 15.12 13.16 11.68 8.61 7.94 6.83 5.1 3.95 2.64

E: Extinction probability (%), N: mean number of population size, R: Raccoondog, W: Water deer, K: Korean hare
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Figure 3. Virtual world of Dackmock-jae habitat Wlth Ideal
wildlife trails

Table 7. State of Dackmockjae Eco-bridge

Matrix Road, cultivated field
Habitat patch Forest

Barriers Steep slope of connection

Length 20m

Width 12m

Shape Bridge

Vegetation Structure

No Shrub and grass layer.

Vegetation composition

Pinus densiflora, Zelkova servata
*planted trees are not healthy

Patch vegetation

Sasa borealis, Fraxinus rhynchophylla, Prunus sargentii and Betula davurica

MVP Population size of every identified species is over MVP
Dominant Wildlife Korean hare
Remark long inducing fences
Table 8. Land use of Dackmockjae habitat (hectare)

210 220 240 310 320 330 610 620 Total

P1 14 992 - 2,171 3,378 1,463 - 44 8,063

P2 - 435 5 764 4,405 3,504 6 - 9,119

Total 14 1,427 5 2,935 7,783 4,967 6 44 17,182

P1: Western Patch habitat, P2: Eastern Patch habitat 210: Rice field, 220: Field, 240: Orchard, 310: Deciduous forest, 320: Pine

forest, 330: Mixed forest, 610: Mine, 620: Bare ground
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Table 9. State of North Gangreung IC Eco-bridge

Matrix Road, cultivated field
Habitat patch Forest

Length 40m

Width 6.8m

Shape Bridge

Vegetation Structure

Only planted seedlings of Pine with seedlings of Oak species

Vegetation composition

Pinus densiflora and Qurecus spp

Patch vegetation Seedlings of Quercus spp since forest fire
MVP Population size of every identified species is over MVP
Dominant Wildlife Water deer
Remark long inducing fences
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Table 10. State of Urdan Eco-bridge

Matrix Road, cultivated field
Habitat patch Forest
Barriers Steep slope of one connection; Another side is blocked by reservoir
Length 35m
Width 6.8m
Shape Bridge

Vegetation Structure Only shrub layer is exiting.

Vegetation composition Spiraea blumei is planted along both sides of bride wall

Patch vegetation
MVP

Remark

Pinus densiflora

Population size of every identified species is over MVP

long inducing fences
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Table 11. State of Yeombong-jae Eco-bridge

Matrix Residential district, Road, cultivated field
Habitat patch Forest
Barriers One connected side is disturbed by cemetery and field
Length 20m
Width 10m
Shape Bridge
Vegetation Structure No Shrub and grass layer.
Vegetation composition Cornus officinalis, Acer palmatum, Prunus serrulata and Zelkova serrata
Patch vegetation Pinus densiflora, Pinus rigida and Quercus acutissima
MVP Racoondog: 70 Water deer: 250

Dominant Wildlife Racoondog and waterdeer co-dominant

Remark Relatively short inducing fences

Table 12. State of Keunheunchigogae Eco-bridge

Matrix Residential district, Road, cultivated field

Habitat patch Forest
Barriers One side of bridge is used for pedestrians
Shape Bridge

Vegetation Structure Trees and Shrubs are planted in each their row.
Vegetation composition Thuja orientalis, Pinus strobus and Forsythia Koreana
Patch vegetation Pinus densiflora

Remark Main use of the bridge is for human

oA 8 A9 AR} o] SuE
(Thuja orientalis), 2EZHA(Pinus strobus),
NUel(Forsythia Koreana)?} 3+ & 4 g4]%|o]
A, 53], AAE Fo] aE o] Qlof o} &
< aYsES Xﬂﬂﬁﬁ’—% o] AQHE o] FEE ©]
83t7]= &7k 3lth(Table 12).
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3 Qlo] ofYFEL F FARE FAHLE olF wildlife trails

513l Ql= Ao & Hojx|u(Figure 6), 3] GEA)
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Table 13. PVA results of Fragmented habitat in Yeombong-jae (A) and Keunheunchi-gogae (B)

(A) Results of Yeombong-jae

Year 0 10 20 30 40 50 60 70 80 90 100
R E - 57 86 96 98 100 - - - - -
N 5 4.49 1.48 0.39 0.15 - - - - - -
W E - 19 32 50 68 78 84 90 91 94 95
N 13 10.74 8.13 5.16 3.55 2.35 1.67 0.99 0.78 0.37 0.28
(B) Results of Keunheunchi-gogae
Year 0 10 20 30 40 50 60 70 80 90 100
R E - 28 45 55 67 75 82 88 91 94 95
N 7 23.38 18.51 13.59 10.1 7.04 5.84 3.6 2.96 1.78 1.99
W E - 1 2 3 5 7 10 11 13 14 16
N 21 50.46 54.28 51.03 50.75 44.48 49.14 42.03 40.74 41.58 40.83

E: Extinction probability(%), N: mean number of population size, R: Raccoondog, W: Water deer

s8] Bl= i thTable 13-B).

Figure 7. Virtual world of Jeongji Park

Ef2o] @7k 2 HAAR BgRAlA Beld

Aol s2E ol 8 7Hs4o] Sl TR RE
LT A ET AR5 AFx
2o 8 Holuf AelErd] S5
= Fo]Qlar A7} ol A qlo]
ol o Ao Ueyt, d4= 52 Fl
HE A 1E-H2t 25 A A A of| AAITE oA A
T U= YHA A A (Source habitat)s= FH oA &

I3t 4= §itH(Table 14).

-

AN AT AT S A ERE 4
AL AF5HR0] ofhERA| S AdsHs S o
Be seiloleks 2 AHAAAE 7HaL glont
AEEe SHL kgAY AduE T

£ 7123 QJcH(Figure 8).

Table 14. State of Jeongji Park Eco-bridge

Matrix Residential district, Road
Habitat patch Forest

Barriers bridge is used for pedestrians

Length 46m

Width 8m

Shape Bridge

Vegetation Structure

trees and shrubs are planted in a row along both sides.

Vegetation composition

Pinus densiflor and Euonymus japonica
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Table 15. State of Sooraksan-gil Eco-bridge

Matrix Residential district, Road
Habitat patch Forest
Barriers bridge is used for pedestrians; One connection of eco-bridge is Apartment complex
Length 10.9m
Width 45m
Shape Bridge

Vegetation Structure

Planted trees with shurb and grass layer

Vegetati iti
cgetation composttion Rhododendrom indicum

Ginkgo biloba, Metasequoia lyptostroboides, Acer palmatum, Pinus Koraiensis and

Patch vegetation

Pinus rigida, Ailanthus altissima, Quercus mongolica and Prunus serrulata

Remark

Relatively short inducing fences

e g H9le] AN Ao 34

4
T2 2YUYR(Ginkgo biloba), MEA|Zo]o]
(Metasequoia lyptostroboides), TFFUTF, At &
o] & 2H4F3 7 A4S (Rhododendrom
indicum)®| A1A|=]o] YItHTable 15).
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o Ak olERt EAle A A AR
<A, A2 o] welde] Ao AEERe 71
AQl Fxop AR 5o FAR HEolRit o
o opYEE ol ERe A YAl dAE
A ekl Qe Aol ElE e, AHEg YAl
o) ZAHERE op et AETA=] 9] st =
ALof vjda] o= F=of ol thet wizrt

HolER2] H9 U] AAA] FRFo| el
F2E A% olgstel £ AALY shte] A2
Ay AFEYES ) 23 1009 5 AR AE
7RsAol UTele] A9 4%, NE7] 20%) E713)
Aol 5] Hxjolg] e b 4 gtk
o 3% TR & Fue] WAL} Aol
B0z woln ofejd AU 2L BHel
QRARE S| Fusk o] AP Ao Hal
o E3 £ AR o] BeAolet & uo
= @A) Aol 5Ro] A% olFARlol Foku
o] meto] A3 opIEEo] o] Fo Alag)
o] ot A5 gre Ao2 Eelyeh

SR eI olEle] AR 913 o)
of Weji AR eee 328) st A sl
3], 9ahzo] 27t Aol opiEEe) 2
(Road-Kil)® & B 20| u]3) H2ch} e
wepo] QT AR M| 7o) B 913
2 A3 oJ OPIFE T3 AL YUE Ao
HQIth 3 5 AR A7 Gl 5o
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