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ABSTRACT

This quantitative research aims to examine the connectivity of forest networks in seven metropolitan
cities of South Korea using a graph-theoretical approach. We first estimated an overall network
connectivity at multi-scales (i.e., dispersal distances), ranging from 100 m to 20 km, and quantified the
contribution of small forest patches (less than 10 ha) to the overall network connectivity by comparing
networks according to the presence and absence of small ones. As a result, the cities were divided into
two groups depending on the network connectivity; one group of cities with high connectivity such as
Daegu, Daejeon, and Ulsan and the other group of cities with low connectivity including Gwangju,
Busan, Seoul, and Incheon. The result showed that small forest patches, especially in the cities with
low connectivity, played a key role as stepping stones that connect large forested patches, thereby
contributing to maintaining connectivity. This study also suggests that large and well-connected forest
areas may be the key factor to preserve the connectivity in the cities with high connectivity, while the
cites with low connectivity are in need of some complementary strategies. Through the study, we
suggest that the creation of new forest patches in the areas where a gap in connectivity presents is
needed in order to improve connectivity; and that the conservation of the existing small forest patches
is essential in order to maintain the current connectivity level.
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AR AAE M2AA] 7F AYEFe] Hul(dispersal)
9} §1AF B (genetic flow) 52 I3 shAY
Wellshs J=& goJEH(Taylor et al., 1993), o=
gAskE A HEPIATY] AEAs AAse
=9 QxoltKSoulé, 1986; Hanski, 1999). AHE5H
2 A9} 5 (dispersal ability)°] Z}7] Th=31(Sutherland
et al., 2000), 37+ TFEol| we} BA A4 R (focal
habitat) = 7] 47 #Qlo] DepA]7] wie]
TYS AT AR AA A AESO) W
2t AR H2A4 Yehg 5 o metA] oekek s
o] WEPiAITY] BAS fixde A1 st
ohe}l FH2 TN XA AEEE Hrst
I FA8ks ] F sl Minor and Lookingbill,
2010; Kang and Park, 2011).

AR A2 e e AETRY BAEn opy
2} Alo] e E314 A& 7FsS skt 9l
o] BFHoltkYu er al., 2012). EAoU EA] il
o A= Ao R EAlES opIEES] A4 33t
ojHAN EAGHRAE dsfslal r7|$E ZE3

(Bolund and Hunhammar, 1999). X3t 2H3} -5
F&Eo] 7Fss w5 AvA AR 8424 A
A7 4o A ] Fds =S Fo
(Miller, 1997). Wb EA9} 1S AAAA TA

<o) AE 31 S FXskaat sk 5 2
AR EA o] Feto] FhEar 3O (Kong ef al.,
2010), =AIR3FEE7} B HAAGSRY 27]dA 0l
Aol 2H AAA e Hrhs A Hojof gt

T FAEA NN EAE FHY 2 AR
o= FAE= A AAE T FTRA A
FHoz BA% A+e EUAOY. TARKKE AT
o] RAw} #ejel lo] AeiEy) 22 AFIHA G
7S E A B dijte] 5 o] Far ltk(Jeon et
al,, 2010). =A] FH Abgo] ool oz A 7}
A (ecological processesyS FUREOH AH EE
“Z(hierarchical modular structure}s 7}A|L, 2}7]
Z218}(self-organization)?} 2Hd (emergence)yS 74|
= A2 EA4(Norberg and Cumming, 2008) =
Nx AFEIL 2 AFEC] EAE Bl A Rl
7= ob dAIe] ot i Fedd) A
EXuE, 283l o] ARG S APer A4
k= A = ke kgt 33t et A 72
oA Yeh= 53 94 H=E arefalof spARk

2 g o
-

, 283 SIA1H =2 E AAY 54 olsfskA X3t
o] dHHoT A 8rls sfar A
AAsk=d SAI7E A

olgt HolA Tz o] A4 A4S S
BAAR BHETE 3 Ask A1) #e), A
et fof FollA de] 8= Avk(Urban er
al., 2009). 73¥ AR Bl T o]ES A
8ot A 9459 =814 AZF A (physical
relations), & 724 74 (structural connectivity)®}
olelgh 724 AZMo] =T olsel 7IXe FF,
= 7153 A2 (functional connectivityyS 22
o] HolHE &&2oF #A4% 4 UtH(Theobald,
2001; Kang and Park, 2011).

£ dqelrs 2= o2& Hgal] Mes 23
sk =l T BAAE doE A iR 9
AHIES AAEES ddTe] Il FEHoE &
A1) T At AMEC] WA AZdHelA 2}
Agle A8 FLEE TS E(multi-scale)ol| 4] Bl
oL AT B AFE 53 YA A AF

o

2.1. AR &K

TA9} IFE A o A Ho R FA TAIST} wE
Al FPE I e AZ, AH, i, B5, O, 24t
Foks X3k 7l BITAIE PIAE AAEAT
(Fig. 1). FI=AIE2] vl (matrix)°l= 100ha ©]5}
o] F AfEe] EAlgo] o] FHE IisiE] Q)
ok 28l tigfee] 4heo] BAIe ) Exs= 7
T 548 BRIt SAAC mEH 7l FAZAIEe
2011 71E A 1909 A =AY e i
L 88m’ (A 4.0m% A 62m> A 11.9m%
B 8.8m% Ul S.6m?, 4F 15.0m?% F4F 10.1mA)Z
AARAZIF A7]1FEA 9m?el] & vk (Korea
Forest Service, 2013).

X5, I T olsAol e ohekst AETe A
v} s wrgsiar, A Wi} e 4hels 3
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i Land boundaries of South Korea
[ ] Seven metropolitan cities
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Fig. 1. Study area. Locations of seven metropolitan cities (left) and forest cover of each city within 20 km radius distance

(right) in South Korea.
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A7 FA0 R A tikdt 7S Fuiskal Al
THOZHE] Y o] doju= 9 W 248
sle], o] oRIEES] olsH AEFe] T4 Ml
A s50] doju= AEA A H9R] 100m
FE 20km A2] BHE B4 o= 319 k(Saver,
1988; Cheplick, 1998; Nathan 2001). FGA]e] 3
Xq:rm’hf]‘ o] gdejz g ZA o8 4 He

AT 75 Al ﬂ”’«] MR Ho] T3] o=
74J'1r 2 R BT vk F, = A T
FATGEA FA TiEe] fFooR /\]Zﬂih Mk
3 A= BATFEA ] AHHEo] shte AhRlow A
A=l 757 tivke] 7] whiEe]o.

[o
jQ

2.2, 91HHH
RO A FsE 20009 7Ee FEF EX
FEE(1:25,000 =39} A=A 531 AT (1:5000
25 0831 ArcGIS 9.301A AR AS 531

Atk 2 QJIEU 719 A48 AR Ca
(Daum, Naver, Google)s &-83l] 52 vlus &
3 2 e ARG S AT §, AE8S 24
SISTE Bl 243 AREAl At EE A Ao,
)\}axﬂ /‘\‘6:] Zz= ,] A—]}\loﬂ o}@x—]o ;(-]]—r—?sl- T g}\
= #H4& AMAA B (minimum habitat area)>-Z 1
ha o) =719 AHS Ao E&s|ar(Park and
Lee, 2000), 10m 3PF=2 2<E (raster)3} 3}t

o] AFollNe AW 1HEZE H e =&
(vertex or node)Z X HF = AR FZE(habitat
patches)°] A=F9] ol v, Fx 58 TH
e e HPERE AZE M(edge or link)e] I3
o F =215l HMinor and Urban, 2008). ArcGIS
9.3S &85} 8-neighbor rulesoll &3l I1E3sld Z+
MRERZS0] =uvt Ha, AH 7PEAR] ZHedge to
edge) FZ2ItIt ATl (Euclidean distance)S Z-8-3F
o] A Wakdo] gle FHaF 18 (undirected
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500 m connection

1 km connection 3 km connection

Fig. 2. The forest network of Seoul and surrounding areas. Forest patches (in pale gray) and their patch centroids (in dark
grey) are shown. Each circle size of forest patch centroids is proportional to the patch size. This is a complete graph
presentation of the network, where the connections (black lines) between forest patches are thresholded at distances of 500 m, 1

km, and 3 km.

graph) @ AZAHS T2 tHFig. 2). AHEZRZ 1
A7t AAE (E= FE A2, threshold distance)S
A HE F 27 e AESY] olsolv Hu &
o] LouA] AU =EA doju= Ao =E 7%
QA B0l A, 7 FAAE 4k B B4
S BAEIT Y BEEo=E F 4K WHw 34
o Aol Ak s e, At 4,

BT P27t 27), 10ha B e APR7EE

\

2RSS WA Fo] 2IEAT

PAA 7L wskelel wet 7o FHA1e] A 2H
Z7FE0] A5 Aas]o] e A 44 (overall
network connectivity)S Bl #331530). A =
Slxe] WA AR WARNGE ol A2 md
(binary connectivity model)?ll 71¥h& & T 94
A Al4=(integral index of connectivity, 1IC)2} E&
A4 22 (probabilistic connectivity model)oll 7]
3 AAA BE A|43(probability of connectivity, PC)S
-85}t (Pascual-Hortal and Saura, 2006; Saura and
Pascual-Hortal, 2007; Laita et al., 2011). ZLZ}Z o]&
o] 7IRkE & F Agre 7Y AFERT AHF S
2 o ov] A AE8E WU Qo] &8=Tt
ELE]-(Saura and Pascual-Hortal, 2007; Laita et al.,
2011).

53 984 Ay MR 22 2 At o
oJ9] IAIAE ol o Ado] | Fo= 71gs)
a1, ARERZE 3 HEARE AdEe ARAA 94
e e} Ak WF, A e AH =700 o)

ALkt
n n ai’aj
zizlzjzllﬂ
1IC= 5 (1)
Aj
A7 ne EEAL T F, i AREL G jE

o] A= e BRoIN 225 7 A7) 9

£ VY27 A Ao} Yol By A

NYse) WA 2, dAY AYZAS 1 A 7
29) AP} #2E B A28 AF o ol
E]-(Pascual-Hortal and Saura, 20006). =3l A4A4 A
e opiERe] WA o) - W} Ao} Lo B
E(flux) B2 & Boe 2 AldiellA sht B Ao
o] 7HA| ool UAJEAIE ThF= 1304 A (genetic
transmission)y?} 22 4244 H7lol| Qlo] F3tsit.
A FE AFPOE (-9 AT E3E (negative
exponential distribution)s 7Fg%t 2FAZzZE 7F A

o}

¢

o e opIEEe| M5} - o} FHL ojujshs FE(p)
< nigoz T,
py=e @

A7 k= A, dis AFREEZY 6 j 3 A-eld)
2% WFF(songbirds)d] EAHQ Ha} Ag
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1,500m(Sutherland et al., 2000914 & (p)°] 0.05
A A, AF k= 0.0027F "ok AbgzzE 7Kgt
S$E(pye ol A A IAA4 &E Agre v

3} o] LY.

ap= AYRHEZY o WA, 48 F

Ao 532 thet 2ol A
9] a, b, o] ZZFEO] BT AAHo] HH T
shetll AHEZ a9t = ARHOR 048k HER
AA=o} Aot &, be ot coF PR 77
079 0.6°] SE= AdH] 3leH, a=2HH b 7
A 2 QFEE SE FL 041 Ho| o2WEH &
Ad=e Hol g5 F& 042000k wEA oot ]
A A2ET b AR AR AZo] 94
sl o Friar W1 5 gl B3 A2 Ag=
YeHR1 AR el wet A8 Fhe] Aot A
Al Yeh b7 e, st 8:50] F718 S7gske
24 85 Afe A2 A=} FE59] go dol
7] wiizel] AAR el F FFS wA et

BOR, BT 22 o] e Afrl]
AHEe] 7 B Ak Al 7]ofehs A=

3

Z, oI5 Aol U& ek jlE wie] S A2
Agot A7 FE AF Fel sk v B3
Tl At A2 A ghel Wt 2
5 2R wHe] AgEe] AA da46n F83 9
AE A3kl Qlths 2 vtk AeAlox A

qE AAR] WA 7|9} 2R/LT STl w3
ATrollA 10ha o] AHE BT} 1-10ha?] AHHCA]
A2 WA oM F= S7PF o 34 YER 10ha
olgte] EAlES A tVde= etk (Park and
Lee, 2000; Chae et al., 2004).

o] ATelxe A divd M1 IAIAE 20 km
ellx JZ2A AFES =&k, AR AHREY
A2 7H=E Frlslath. dAIAY 3km Welx=
100m T2, 3km oPdelrE 1km TD9IE #2481
o. 24 gE AFE AT ve 309 A &
3o vt A FE55 7PgstaL, 2 dAIAR A A
AxZt 3+ Au FE(p)e 0052 H83519HUrban
and Keitt, 2001). YAIAz]S] Wl wE F3 A4
d Ageet A gE AG, AR ALY - ol

2 F X552] A3} gk Conefor 2.68 831
751 tH(Saura and Torné, 2009).

Table 13} 2t} & 2k A3 | 7V
A, g, 35, A, A 3 solik WA

2 BY A} O, diTellA Akdo] XA A
HA9 50% oS AABlE ASE UERTE F5
oF M&, Fake 30~40%, Q1HE 124%2] 4HH H
& Bt nioe) 1R8I e xT Bk Al
7Y} A9 (built-up areay} o] vitiy} H]) Algdog
TEEH, o2 =Al HlE] Ao E 20km W
Ul 2k A o] Zt), o] A GeMe T AT 5=
A= FHRL AR s Al A AAE
B3l S a7 0= o] gsfar HAs|of st

Table 1. Basic variables of each city to analyze the connectivity of forest patches

Variables Seoul Incheon  Daejeon  Gwangju  Daegu Ulsan Busan

Total forest area (km?) 446.3 155.6 730.6 497.9 692.4 765.9 4313
Percent forest cover (%) 355 124 58.2 39.6 55.1 61.0 343
Total number of patches 1,047 769 869 1,209 499 699 448
Mean patch size (km?) 42.6 20.2 84.1 41.2 138.8 109.6 96.3
Total area of small patches of less

than 10 ha (km?) 25.0 18.3 20.3 28.8 10.9 15.5 9.3
Percent area of small patches (<10 ha) 56 118 28 53 16 20 29

of'total forest area
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7o)X AgHeE A2 A|(suitable habitat)?] W2 H]
0] 30~40%ETH 2R AS-, A2 F7H A<l
o] AEZo] Fvje} AEo| 53] T2 Aoz Uy
7] 21thAndrén, 1994; Fahrig, 1998). watx &4
I A, thFlM s AHE sstel] wE A2 1|
Hophe= AR flleol] wpE A2 WA A AEE
o] Ao o 2 o] Hu}. ol W Mgt
2k, 53] I AHollMe AR 248 EFfsie] 4t
d Sste] W JEge] vt e AES 9
Hahs 2 YA Aol

cHzZEe] et A7l g 7R Za, 24
Fab i, A, B35, A wo® Yeith i
27 A7 FAESE 7 o] FE dojuks &
Al vFRa M AR 22 QIPAS AT B 715
W3} 5 22 AR sl A8k AT
RAEZ L M)A 22t =710 F9-Ee Hado] U],
ol Bt 27t A7t AerE AT 2719 AE
FEo] AT} AEF QFgAde] L AIRE Bt &
A|=]7] AHR= AL 2u|Siti(Honnay et al., 2005).
wehr] FAA] FAME A2 Q1A 59 skIXo
Malehs AE 3L QA3 el 93 74 9
& QIS FA "B, F7NE S| Yol AEF
Td0] TeslEo] 7he Bl S Ao E v
SHA, 10ha ©J3fe] AtR AbEC] AA|shs WAL
B 7P A, A, UiF, 9, &2 O, Ak
wo|}. AR AbEEe] A AH WA 2A]
R HIS-S Qo] 11.8%E 7 =k, 3¢ A
0] 5~6% Atol9] HIES, tiT ik, SAkAe
3% olate] &S HYth B ARlERZe] A7)}
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o
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A=A,
EA ZeitE Algse] AHsHs
Hlgo] 9] ) EART A ) o ok

B5, 93, 5 ANA 3

Rls

3.2, A 4N H|m BN

7o} thA, 24 A99] B3 A28 Ae vk
I AFPZRF Foll o3l AE TA Mot T2 dof
= Al ML 100m YAAZ (Cain et al., 2000;
Jordano et al., 2007)°14 E} 3BGA BT} 158 o)
EUTHFig. 3). 3, 100m FAAZ NN FF} F2E,
A, I AGL T2 FIAHT A Eo] dHo)
Z oty w s} 2 AoE vehdt) oot i,
AR ARG o R, Fot Bk, A, 1% s
AGog A4 A=} FA S} FH, o] A
20km PAAZA A&t E2ES] T2} A9k A
2 (<100m)Eet oz}, =EA dojue W A
(long-distance) FA 3}+>100m)2} 1.5kmol| 3|33}
= &% Z2FEY A9 59, 10km o] tiF of
AEEo] Avt AYES 1S (Cain er al., 2000;
Minor and Lookingbill, 2010), 20km <] A
Lol A] B19] F=A9] Al AEAL 3] BY=
AR} 257 "ok, wiba 819 FAEAldM=
gk AETR ] viEr ZRAR FA7E o7 wEell
e S A A4l A9 FAEA|
Ho} #43] Yool dad 5= Qi

7 FAXE] AR A=t 1A oE Feiet st
A=AE PHAlE T8 o= A3 Ul Exsle A
A Ak WAL zfolof] 7IRIg}. Akl WA Blgo]

—+Gwangju —*Daegu -*-Ulsan ——Busan

0.14 (b)

Integral index of connectivity (IIC)

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Threshold distance (km)

Fig. 3. Overall network connectivity based on Integral Index of Connectivity for forest networks of seven metropolitan cities of
Korea as a function of threshold distance, (a) ranging from 100 m to 3 km, in 100 m increments, and (b) ranging from 3 km

to 20 km, in 1 km increments.
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oIl AHEo] FAAGOZ 10~40%21 A<
SIR|Y o7 FEHTK(Table 1; Fig. 3). 2214
27}0) A9} SR BN AAA &=
HZT ) AHe] AQle 79 Q1o = et
Stk oE 59, g AR W] gltHth A
9h, 20km oJu] B AAIAZeIM 9] QAL o]
R Skth(Fig. 3). AA0] Yitle RS A
o] 2 2ZFEe] F WA o] dltR) X% A
o] ©d Awr} 7R Iche AL ou|dic) wdt
LA OiTrET Ak WHo] ¢F 70km® o IR
(Table 1), 100~200m UAIAZNA EA4ke] B3 <A
24 Ag= 7R AATHFig. 3). 500m FAIA
olME 4t gigte] A4A 2forl 7P & AL
2 UERSARE 5~10km AAARNAME F A9
AL vzt AoE YERTE SIEAlM T B
o] 2H WZo] BAakrnt oF 60km® ol AR,
1.2km UAIARNA 2] AAL Fato] FFHT} 4
=3t olyst AT AT A9 A S AF
St opEES] BT FHS fJEl A WHe &
A 2 YESAS] A4, T8lal dAaAel Jo F
K3 I BEHo R AAHolok TS oJm|dh
THKeitt and Urban, 1997).

A2y 3E 5= AAHez AEES] o5y A
7} ZA dold & e ARIES AE H=e 7f
FAE =A 771 Wi, B JA4 Agete 2
DAA] FEIF ARl wet F/do] ehehA| ot
e A= VePtkFig. 4). 5% 924 A5 2
e} o], AFF FE AFE Tl 500m o]
AAAZNA 7 FIAE A AFA0] =& 49
Y&, i, gt e SRS, AL

99

A, o E FEE F AT A HES
A &g AFE BY gt 24 gidEY
300met 600m PAIAZ Wl =34t 7<)
HHo] 4k iHEG 2o E Eatal, HA]F
A (local connectivityy> == Z& & 4 Uk
700m °)de] FAIA MMM FAAS W A2
& A9 £oe A 14 SHE o5t A9A
o F 100m YAAYANAN T 94248 A5 7FF
Sl e 944 e AR A9 B¢t
Y] AR 3ks BT wEbA diRX oA A2
She B3 AEFe] Ayl 55 tE ARYHYG
AUiFez s Aolglal dEdEd. A2 g A
T SFIASS Hlwshd, 20km W AAAE H
flellA Fikel QAL AR =90a, BF
AZd A A= ol9} ZUTh. FAke] AMHA o)
AR oF 15km” AThe As 7ARFEH, BA8IE
QA M2 e} 9l s} o EEA F= AF
2 Bk AEedA] R F Zlolge As ddd
T Uk

T

N,

N ro
re ot Jd

2

=
X=

3.3. TN Tlofsts 272 Mol ZRE Y
% Az A5 wsel We B &
A9 FawE oF 2km YAA WS elA =

L=

WSSIckFi. 5). FHE He Aae] e 39
Ao 7R A9 FAE7 E9T F, 484

Slelde) ATe S| A% AAF= o
gho] Ik RS et AAo) AP e A3
o] S Agm ko] glojz - 400m YAIA
oA B Ad"oe] A=
=

7
A9 Hdl 40%,
1.5~3km QAIAT] HeAM= oF 30% dZ2de] 7

o

=

‘

bl
ok
of

—+-Seoul -=Incheon —-Daejeon —+Gwangju —Daegu -*Ulsan ——Busan

(a)

Ulsan

Probability of connectivity (PC)

15
Threshold distance (km)

2.0

Probability of connectivity (PC)
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(b)

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Threshold distance (km)

Fig. 4. Overall network connectivity based on Probability of Connectivity for forest networks of seven metropolitan cities of
Korea as a function of threshold distance, (a) ranging from 100 m to 3 km, in 100 m increments, and (b) ranging from 3 km

to 20 km, in 1 km increments.
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—-Seoul —=Incheon —+-Daejeon —+Gwangju —Daegu -*-Ulsan ——Busan

(a)

30 Incheon

Y%-decrease in IIC-connectivity

Seoul

Dacjeon

€ =S=ssess P

0 Dacgu
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Threshold distance (km)

Gwangju

(b)

20 Incheon

R

gcoul
wangju

%-decrease in IIC-connectivity

34 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Threshold distance (km)

Fig. 5. Decrease in 1IC connectivity (%) led by the removals of small forest patches (<10 ha) in terms of the forest networks of
seven metropolitan cities of Korea as a function of threshold distance, (a) ranging from 100 m to 3 km, in 100 m increments,

and (b) ranging from 3 km to 20 km, in 1 km increments.
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Fig. 6. Decrease in PC connectivity (%) led by the removals of small forest patches (<10 ha) in terms of the forest networks
of seven metropolitan cities of Korea as a function of threshold distance, (a) ranging from 100 m to 3 km, in 100 m
increments, and (b) ranging from 3 km to 20 km, in 1 km increments.

adhs Ao2 Yt Ao 7R 2R HlE
o] JA 2H T 11.8%5 ARASh= Aol vl
2 Zo] 7otk T3 Q1Y A A AFAdel
DA A2 E3] 1.1~1.4km QAIAZ] HYNA,
BFE 1.3~1.9km HAMA At 4ol glolds
79 2007} GA A2de] ashe o= YERsTh
ole|gt AAIA el A& B9 At 2H
& Wzo] & 2RSS dA e ARTER
A JA AR FA P 9 d g

HERet &% IR Hd s At
1~1.5kmoll 3F317] wjizol] Aol wre 519 2
Aol 7R AHde] BAe 48 opEEe] AET)
4 BAm AF=

Aol B YA F o] RIS 2t

a1 Ay

=
AHIELE 53] 100~300m GAIAE] HH A tE
A He] AR ARG FoTTF =2 AoZ UE
ST} 1km o3 dAIA oAM= FEAd d vl
FAAol| B¥Sh= AR AHREY FoTE BT

5% olet=2 G| YERTE.

A2 FE AFe] Wslol| o3 A Ao Fa
T AHE AQE U FA)olM 15% vlvke] ghe
UePAthFig. 6). 53 9284 250l e At A
T8 Zye} vlwsl, o 71X] el 2R A S7F
SIAY ks AT =51, giAFoR tey
(unimodal)®] FE}E eI, 41l Ad7do] 7P ke
12 oF 3km 7= WellX AA7E Z7 el wheh
TR AFEe] TRETE oA, A 30%92] T8%
= Uedth d2A0] =2 A9IAY 7hed 24 A9

9] AR AL 0.5~1.9km UAIAZ BN 10%
olde] T E el 48 o Ee] AMax] A4

f20] Qle} 1A 7)7H 2 Rom et

IvZ B
AEFE A3l whEsie] Yepe 7153 d24
& F Eo|¥(species specific)] A TF(Belisle, 2005),
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S BT BAS e BEETRSIA
S5 AR QAU Fe AdHo] Heke B0
wsh 97 JE $HHOR sjeshe Ao] Bash
1% B3 WHHOR ofvl A Tl HEE
N9 s ARy Adte] FRssitt Aol
APE Ak BEUPY BAL A% A BgA]
of A& TPt AEhE Belgel S0 Qo] Fa
AR BE 7Pl Eoh T A AE4ol
e 9L e 9GO Ui, B9
ol 2 AAH R Ado] BB RAL 9
3 78 Azl Hek. SAeIE $HRoR
B4 HA0) 24P 7R MRS wasiel d.
Sela el QAR TR Adie] Aok A
2 wEST, T EACLEE TElhAM BeHe
MRS A=A ZAFE el Basi,
7o BN} o] EAEE e Aol o
2 PN Aok BF BEF) JPHL =
ol frefaiAe, Adde] we Hme AuAE
Aok fACHIEABAA AHEEE A48T 5
o] A% RAs) BAS 943 Pl AT F
ol

o=

2

|

5

e o
o%
oot

o
ol

[e)

lo 0

H

E3k st

TollA A8H BF A48 A5t A gE
A 24 7t Ao 7€ AgEol His 5
itk <A Ach(Saura and Pascual-Hortal, 2007).
ey HEAR AR oal AAAS Hrel] i
o] A2 721X (robustness)? SEEE A (resilience)
o 23+ tiQt 7= (alternative path), & 14 H=Z
9] oA (redundancy)S SR FEdh= IHAIPE
Utk o]o} Tt AEA] FHe| EX|o]E- |
Z SRl FA9 ARA| ] 4] 52 oREES] 9]
TS 98 3] whitell AR dE HARE =
=317] felirte v sk EXol8e] JulE
Ho} Ads] fEsor ot g, AETE AA o
T A9 AEE e R $HEE A B4 WS
tslar Z-gate] EXjol85E g A5A A
A2 E20] R = ofof st

re

N o
-

B Aoas 2 o228 F8ste] 7o FA
o] A AAAE Ao 7 BT} tsatt
29) Aa} A=) (100m~20km)ellA] ZIAE 2 94

Bl 2A| RS Bk, AR A (<10ha]
QAo FNoteke J=S Sl A7A, T
Shojd, $4e ARl B RGO, BT}
& Azyo] e S9ioz

FRS S 4TS vepiTh 27 AgEe 9
o] & VYES APV AATRIEA 53] Sl
oo AAAE A PPN B S A4
4 BAL A FAAGNA

£ @ 928 i JYAYE Fo ARoE 1A
shok Sk, SIAIieIrE SHH0E A7 FA
F08 27w g By Badd. w3 A2
o] FoKeh 3ol A2E WYAE 2YANTE A

o g,

HAtel 2

o] =E-& 2010~20149% FHARET}EY w3}
2 A7 4Hd=2]2] Biotope AlHs) 2 TRl
ATte] dgko 7 S| lH T
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