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Impacts of roads on woodland landscape connectivity: a case study of Gongyi

City, Henan Province
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Abstract: Landscape connectivity, defined as the degree to which the landscape facilitates or impedes the movement of
organisms or ecological processes among patches, has been widely recognized as one of the key objectives in studies of forest
landscape management, ecological conservation and construction. The dispersal ability of organisms across changing
landscapes is critical for long-term biodiversity conservation, and successful dispersal of organisms always depends on the
landscape connectivity. The landscape fragmentation caused by roads has significant effects on the landscape pattern and
ecological processes, such as the migration of species and biodiversity maintenance in different ecosystems of landscape.
This paper aims to analyse the road impact on forest landscape connectivity in mountain area of Gongyi City, Henan
Province, China. The landscape connectivity is evaluated based on a graph-theory framework , in which a graph represents a
landscape as a set of nodes (habitat patches) connected to some degree by edges that join pairs of nodes functionally. Both
the graph structure and the habitat availability metrics provide significant improvements for analyzing landscape connectivity
and decision making in conservation planning of different ecosystems or landscapes. The geographic data sets for the study
area, such as DEM, landuse, soil, vegetation and hydrology, were collected and managed in GIS. Two connectivity
indicators, the probability index of connectivity ( PC) and the importance value ( Percentage of the variation in PC,
dPC, ), were calculated. Considering the dispersal distances for different organisms, we examined the variation of landscape

connectivity of the woodland in the low and middle mountainous areas according to five distance thresholds: 0.5 km, 1 km,

EEWH :FEAARFRERITH (41071118)
YRS B HA:2012-12-26; ) £ tH iR B 3 : 2014-03-04
# W IRAER Corresponding author.E-mail ; liangguofu@ 126.com

http ://www.ecologica.cn



4776 JAE = 34 %

2.5 km, 5 km, and 10 km. The importance values of the woodland patches were calculated in the scenarios with roads and
without roads in different dispersal distances. In addition, the impact of roads on the landscape connectivity of five selected
woodland patches was elucidated in detail. The results shows that; (1) the woodland landscape PC values tend to increase
with the distance thresholds from 0.5 km to 10 km, in both scenarios of with roads or without roads; (2) there are few
patches with larger area, and in the “very high” and “high” categories of contribution to woodland landscape connectivity ;
(3) the dPC, values of woodland landscape patches gradually decrease with the segmentation of roads, especially for some
small patches. We conclude that the roads have important effects on the forest connectivity in the study area. The landscape
indexes (such as distance threshold, node position of forest patch and forest area) and the topographical factors ( elevation
and slope) should be comprehensively considered when analyzing the relationships between roads and forest connectivity.
Moreover, the case study also proves that the analysis of landscape connectivity could and should be used as a criterion for

selecting important patches in woodland restoration planning. The analytical methods used in this paper are relatively easy to

implement, and thus have application potentials in ecological restoration management and landscape planning.
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Table 1  Change of woodland landscape probability index of connectivity ( PC)under different dispersal distance thresholds
N [ 2 i 17

Different road impact scenarios 0.5 km I km 25 km 5 kam 10 km
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Table 2 The percentage of the variation in PC(dPC, ) values of woodland patches under different dispersal distance thresholds

B H AR HEH R I P HEEAR HEHAR AT

B 1 dPC, very high dPC, high dPC, medium dPC, low dPC, very low
/kmDistance  BEHE TR B A A DY MR BEH R TR B R i FH

thresholds Number  Patch area Number ~ Patch area Number  Patch area Number  Patch area Number  Patch area

of patches /km? of patches /km? of patches /km? of patches /km? of patches /km?
0.5 2 37.96 5 33.17 6 14.22 9 8.36 30 6.90
1 2 37.96 5 33.17 6 14.22 10 9.69 29 5.57
2.5 5 65.33 3 10.47 3 8.22 11 10.45 30 6.14
5 5 65.33 3 10.47 4 10.34 10 8.80 30 5.67
10 2 37.96 3 27.36 5 16.72 11 12.31 31 6.26
0.5 3 48.81 1 10.16 1 4.57 9 20.01 46 16.98
1 3 48.81 1 10.16 1 4.57 7 15.93 48 21.06
2.5 3 48.81 1 10.16 4 8.96 10 16.27 42 16.33
5 3 48.81 5 19.12 6 8.58 14 13.47 32 10.55
10 3 48.81 2 14.72 7 12.19 8 11.60 40 13.21

A TR IR A T 5, B R R FR B T 5

ALV AR AR BE O T, A A (2.5.5 km) , (SRS BEHE H I B 84.62%
DA TEE AR DL S, AR S R R BEHURE A 24,81 km®, b B ARG LE 1R
R VR M BB AR D P N 4 24.66%,

B B R 8 B KR4 BB X AR 5 3% 4 T AEPE, SR S EEEE I EE S
AP O IR 0 AR HAIRT “ T AE R RES SO E 8 B (5 km) | nﬁﬂ‘i@%ﬂfﬂ%
BRI ARSI BB AR R M E g bR 13.33% , BEH AT LN 63.53 km?, (5

AL 8 B (2.5.5 km)  MHBEL b g ARG LA 63.20% . o bcH S 00 1 s
ﬁfﬁ%%& E E/‘J Uﬁﬁjj‘? 1538%, ﬁfﬂ%:é\ﬁi\j‘j 7580 @A‘{E‘En ﬁ“ E”ET%L'{E&" ﬁffﬁﬁ/ﬂﬁfﬁ%%ﬁli,\ 42 j:)-,% ( 5

o PR BU LI 75.34% . XTRIBROI ) ot o g B 508 H 0B 70.00% B85
FEHRIR R kR T AEPIRSEIRIE A4 5 oy 57,00 ke, 07 BRABETBUY L 14 36.80%

http ; //www.ecologica.cn



4780 H

&t
1

Eild 34 4%

d=0.5km }”\ d=0.5km
4 «
A -
% A ‘
“\L:l‘ -*~.‘
~ ‘f ™
d= lkm d=1km
« <
- -
£ £
ad
¥y T
d=2.5km
«
- G
<
Ly
B
d = 5km

d=10km d=10km
p =
Ke v Y i‘
- L )
[E145i] ~
B CE
[ 1%

B3 AEESEHETHERREZEETN
Fig.3 The dPC, values for woodland patches under different dispersal distance thresholds

Ze VU B IR A 1R A

3.3 JEPEXMR R T AR AR BUAE I 5 28R AR 368 5 20 B A 3 B R A I B
N T B E S O R RO BE R R PIAPI OO T BB B EE R AR, SR R T I A

ST A B.C.DAIE 365 BUBE MR ZEd i SELE R AR,

RHSOWEESR (18] 2 FIEL 4) A I8 B% 015 2 8

http ; //www.ecologica.cn



16 4 PEAT ST AR O R 1 5 PIIR ST A 15 4781
N
A
B
B
"B 0Bl
20 oB2
£ 16
2% ||
30 sA oAl WL ||
20 S 04 1
< V- Am A

Bt Y B
Patches dPCy, values
"

L = il
0.5 1.0 25 5.0 10.0

B R
Distance thresholds/km

05 10 25 50 100
RS 0

Distance thresholds/km |

Bt Y B
Patches dPCy values
I RN =)
I N S I —

0. 1.0 25 5.0 10.0

BE A
Distance thresholds/km

1.6 aC oCl C
oC2
1.2
0.8
04 II
0
0.5 1.0 2.5

5.0 10.0

Bt Y
Patches dPCy values

B
Distance thresholds/km

1.6 nE E
3 oEl
a3 7 aE2
< wE3
%% 038
22 04
£ 0 1
— il 0.5 10 25 50 100
1 2km S IR

! | Distance thresholds/km

B4 EBRMRMBREEEZNE
Fig.4 Impacts of roads on woodland patches dPC, values

P T I A 2 o, SRR G — A K B R B B AR
B 2 AN B 245 BEER AR BE B SO B N, B R
B AEARTRIAY SO 85 B (H N, /T8 8% 8 2, Ak
M BEH ST A BESJ , B—SPR O B i) 2
FF A FLARFRAR T,

VAT B I, A BEERTE 0.5.1.2.5.5 km 1 10 km
ANTR] Y S5 W08 R S R T, B R A3 0 O 22,8150,
27.9676 .26.0768 .21.3209 F1 17.2011, & 5t 5

T WA BESE (A1 F1A2) |, AS[R] B 500 25 1
T, AT BRHLBE B % B B 4300 0.5400 0. 7458
1. 8232 .3.5060 1 5.4880, FlJFik A M BEHR ) %2
EAR LG, AL BES 0 8 ZEH 40 02> T 97.63%
97.33% .93.01% ,83.56% 1 68.10%, A2 BER [y HE
FAH 4> 51N 2.0883, 2. 0710, 2. 8542, 4. 4881 FiI
6. 6569, FIFK A FPRHLBEH ) 55 B AH LE, A2 BEHL
FA BB A 4 2D T 90. 85% . 92.60% . 89.05% |

http ; //www.ecologica.cn



4782 VST

S

34 4

78.95%H1 61.30% .,

He B.C.D.E Fl A BEHA AL, 72
AMRHBEESR 5, 45 BB () B B2 AR b ok 1) 5 2
BN I B RS2 99.80% (B3, BEES B M 0.5 km
F) Uk b B AR AY S 4.38% (B1, BE B BI{E 0 5 km
) o

B BEH (2.5.5 km F1 10 km FEESHE ) .C B
He(10 km FEES BI{E T ) A1 D BEHL (10 km B2 B {H
), BRI SR, 4 B R 2 PR B A
A A TR L i e — 1> TR P b b 0 B 1 o (B 2 K
B BEHe, 76 2.5 .5 km 110 km BEES M T, WA 18
% B, BE B i A 4 Ok 1.6064 1. 5831 Al
1.5712; 4 8 B ik, B1 F1 B2 5 ZLAH 2 A4 5 K
2.0211.2.9155 F1 3.0753, kb JF A — > Kl AR Hb B B
) E B A N T 25.82% (84.16% 1 95.73% .,

4 ZigFniTie

SOMEREX 5B RGE R RA EE P,
HIEXRR BB RG 58BN n] Fpau vk Ffa e v,
MRHBIES W) oA B Y 32 237 e, 2 B B AR SR Y
PRBEH, SOW AR BT BEHUREIR B = & BE A4 A X T
YR sl R R GEEE R CH S, HAYR A
e — A BRI BRI 38 75 Ab— A AR 5 B UR 5
P FEAR SRR B O T A 2 (R W% 2 B K
Vo TEFEIRE NG LI SO R 1A 2 R VLR
Ak, I BE AT B A SR IERL T 3 HE A 3 5
M) AR SOUL T $ B AR A AR T8 4R A AR AR T
SEMAFRE HE 7 0 A2 25 AR Ge A S0 b i 5[] T
S PN

BT R 43 07 ¥ ) SO & $E E IIF 9T, SoUleH
(o i Gl X 4 ) JE — 4 A (nodes ) B BE B
(‘patches) , BEXFT 5 o BKE B 2 (8] 38 of — %2 B9 142 1
AHERE . ANI) B9 2H 43 Z TR AR AT — > 57 15 A
(BEHO) WL A] DL — A IS B9 20 43, 5oL 43 B
A SO R MR b S R A AT R 3% A M Y
AR SOULIE 2 B (A R KA DG OC R | B & WL
BN 0.5.1.2.5.5 km BHIE] 10 km , 857 5 0 1
PRt S5 OULRE e 11 50 2 31 R 0 8 0 1 K, S P AT
PIANBEHLR] (%) 5 12 B 25 ) N7, BREHRL 22 (] 1) i 4 K
LTI AN >4 500 8 15 P 1 I, S5 WL BRE B
A BUE LD R 1, 1R ATAG A9AR S BB 4R

A TR TR PR A BEBR S5 WL BT AT SEBR BE S AR 2,
H& T F—"44H7,

TEMG I R NS TR T I, WA 5OULEE 25 1
(BRI, bR S5 U0 2% (A T B 2 3 1R 45 4B (PC) 4B
FEI R K, A T MR S UL A T B i
PEFREUE (PC) B 1022 O I A T8 [ 1) 1Y W] B 342 3 1

BEEL(PC) /), UEHTHE RT3 H 1 X Sk 7 | 3 1Y
AR/ G R OB | K7/ R e * 4< S IA B
T3 [ 0 BEL B N 23 AR S UM SR LB B 2 ]
ST PR A PR AR B R 5, AR A [ B S U B 2 1
(BT, A G P bR S L 2R S 37 3 P 39 LU U5 A 3 %
IFREAIR 1o LB — BRI 5, B OB 1 (L 17 1
TR HLCRE T B 1S 5 | T8 B0 B 2 B
ST T HE R A By, BRI T E(E IR B T B

Xt S U i 4 PR SR < AR v R R AR T
AR IESBCE R LD B bR S AR R
I THT R R AR AR b SXEBRAE 41 v 57 00 i 2 B2 Pt A
PR, PEY BB AT, — I T 5 59 AR 7 B
ARR, 7 — T SRR ARA LR, X
Urban 5 WFFE AW & 0 B BEE A R/ 5719 88
AT AR Z 8] 1) 5 R 5 ZIRAWF L . [R] I 38 %o0f
TR (R Y 5 e B A0 T R ) o AR o i 22
ASMRCH BE B T R K, Gurrutxaga 55 B 5% 3%
YRR I T8 B 0 245 2 A5 AR AR XA
AT S PR AR T B O 4 XN 38 4 1% 38 14 1 5T ik
PR RRAS, B EE 2 AR AR

BT G 0 A7 75 120K 23 A B 0 5 WL 4 JEE Y
SO A ARV 0 0 B R AR AR MR BT 0 B — BRI
YRl FE 53 BT B SR FHO6F X 38k = S A i HRE 1 R AT
328 AN SO HR B Y SR FHAS [R] A9 R B 00 (0.5 .1
2.5.5 km 1 10 km) KA AP HLAE J1, AT HLAL
BUSAN T B I (0 5 o, - RV o 7
RE LRI Sl30 Bl A 350, el 3 3% 4 1 8 /N BRE B
F1e e R TR 8 W el /L, 30 A ) o £ 2
VPG A RO [R] R 1 S5 WL AN [a] (4 4 A it 5 R
AR PEIRDL A — 1Y, AR PR i 5 B I 38 e
PEEFESE R

YOS BN PR b U I 42 5 e 1) 0 B
BA—E ny T BAEVE S S, JF3F HAT SR WL £k
KA A FEUAR SRR DL o AHE A T S A1 AT I b

http ; //www.ecologica.cn



16 41 REAT A BT

BRI

SA
g

4783

bSO B A AR A, LA R g — b o B e o A
/}‘Eﬂc Y B S T I 2 R — B R R N X 2 B R
SRR BE RN AR A, X T XA W) 2 R
%TF‘ AR 25 R G REAY 31 e AT 9 S B R 4
T TS A] 1A 9E Y 57 00 22 52 46 B, D i
AR AR A TR AL B2 AL T TR R SR Y
Tk JEHIE B X BURE I A R R Py A, 1B %S 5
WL FEFE 2 18] /) 5 R B 2%, 16 LU WF 58 P b 75 2R
AR B R SRULAY S TR | R A — AR SR
TR S Z B C R, e R i AR A X S LY
W (L5 D) BT IR A, At B —
75 T RERHL A AL LE My R B 7R, I3 — 7 1 i RHL 1L
BELE P A5 HAT e Qe PRI IR (91 X 3 ) 14
i, HAE—RE AT, 18 PR L8 1 M BT gl e 7
KA (FEANZRAR) n] A i BELE MM i 9 R, X L8 R
UL T ZAE N — BB e — 2 s

References :

[ 1] Taylor P D, Fahrig L., Henein K, Merriam G. Connectivity is a

vital element of landscape structure. Oikos, 1993, 68 (3).
571-573.

[ 2] Chen LD, Fu B J. The ecological significance and application of
landscape connectivity. Chinese Journal of Ecology, 1996, 15
(4) . 37-42.

[ 3] Tischendorf L, Fahrig L. On the usage and measurement of
landscape connectivity. Oikos, 2000, 90(1); 7-19.

[ 4] With K A, Gardner R H, Turner M G. Landscape connectivity
and population distributions in heterogeneous environments.

1997, 78(1): 151-169.
[ 5] Hamilton

Oikos,

G S, Mather P B, Wilson J C. Habitat heterogeneity
influences connectivity in a spatially structured pest population.
Journal of Applied Ecology, 2006, 43(2) . 219-226.

[ 6] Uez A, Metzger J] P, Vielliard ] M E. Effects of structural and
functional connectivity and patch size on the abundance of seven
Atlantic Forest bird species. Biological Conservation, 2005, 123
(4) . 507-519.

[ 7] Awade M, Metzger J P. Using gap-crossing capacity to evaluate
functional connectivity of two Atlantic rainforest birds and their
response to fragmentation. 33(7):

863-871.

Austral Ecology, 2008,

[ 8] Verbeylen G, de Bruyn L, Adriaensen F, Matthysen E. Does
matrix resistance influence red squirrel ( Sciurus vulgaris L. 1758)
distribution in an urban landscape?. Landscape Ecology, 2003,
18(8) : 791-805.

[ 9] Nell M C. Patch connectivity and genetic diversity conservation in

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

the federally endangered and narrowly endemic plant species
Astragalus albens ( Fabaceae ). Biological Conservation, 2008,
141(4) : 938-955.

Patarasuk R, Binford M W. Longitudinal analysis of the road
network development and land-cover change in Lop Buri province,
Thailand, 1989—2006. Applied Geography, 2012, 32 (2):
228-239.

Forman R T T. Estimate of the area affected ecologically by the
road system in the United States. Conservation Biology, 2000, 14
(1): 31-35.

Liu JN, Li W Q, Bao Z Y. Application of road network theory in
studying ecological effects of landscape fragmentation: a case study
with the road network of Zhejiang Province.
Sinica, 2008, 28(9) : 4352-4362.

McGarigal K, Romme W H, Crist M, Roworth E. Cumulative

Acta Ecologica

effects of roads and logging on landscape structure in the San Juan
Mountains, Colorado ( USA). Landscape Ecology, 2001, 16(4) .
327-349.

Freitas S R, Hawbaker T J, Metzger J P. Effects of roads,
topography , and land use on forest cover dynamics in the Brazilian
Atlantic Forest. Forest Ecology and Management, 2010, 259(3) .
410-417.

Saura S, Pascual-Hortal L. A new habitat availability index to
integrate connectivity in landscape conservation planning:
comparison with existing indices and application to a case study.
Landscape and Urban Planning, 2007, 83(2/3): 91-103.
Saura S, Pascual-Hortal L. Conefor Sensinode 2. 2 User’ s
Manual: Software for Quantifying the Importance of Habitat
Patches for Maintaining Landscape Connectivity Through Graphs
and Habitat Availability Indices. Lleida Spain:

Lleida, 2007.

University of

Saura S, Torné J. Conefor Sensinode 2.2: a software package for
quantifying the importance of habitat patches for landscape
connectivity. Environmental Modelling & Software, 2009, 24(1) .
135-139.
Saura S, Rubio L. A common currency for the different ways in
which patches and links can contribute to habitat availability and
connectivity in the landscape. Ecography, 2010, 33 (3).
523-537.

Garcia-Feced C, Saura S, Elena-Rossell6 R. Improving landscape
connectivity in forest districts: A two-stage process for prioritizing
Forest

reforestation.

Management, 2011, 261(1) . 154-161.

agricultural patches for Ecology and
Neel M C. Patch connectivity and genetic diversity conservation in
the federally endangered and narrowly endemic plant species
Astragalms albens ( Fabaceae ). Biological Conservation, 2008,
141(4) : 938-955.

Morzillo A T, Ferrari J] R, Liu J G. An integration of habitat

evaluation, individual based modeling, and graph theory for a

http ; //www.ecologica.cn



4784 G 34 %
potential black bear population recovery in southeastern Texas, urban areas. Landscape Ecology, 2010, 25(6) . 839-853.
USA. Landscape Ecology, 2011, 26(1) . 69-81. [29] Ray N. Pathmatrix: a geographical information system tool to
[22] Gonzalez J R, del Barrio G, Duguy B. Assessing functional compute effective distances among samples. Molecular Ecology
landscape connectivity for disturbance propagation on regional Notes, 2005, 5(1): 177-180.
scales-A  cost-surface model approach applied to surface fire [30] YueDP, WangJ P, LiuY B, Li HL, Xie HC, Wang D M.
spread. Ecological Modelling, 2008, 211(1/2) : 121-141. Landscape pattern optimization based on RS and GIS in northwest
[23] Saura S, Estreguil C, Mouton C, Rodriguez-Freire M. Network of Beijing. Acta Geographica Sinica, 2007, 62(11) : 1244-1231.
analysis to assess landscape connectivity trends: application to [31] Gurrutxaga M, Rubio L, Saura S. Key connectors in protected
European forests (1990—2000). Ecological Indicators, 2011, 11 forest area networks and the impact of highways: A transnational
(2) . 407-416. case study from the Cantabrian Range to the Western Alps (SW
[24] Watts K, Handley P. Developing a functional connectivity Europe). Landscape and Urban Planning, 2011, 101 (4):
indicator to detect change in fragmented landscapes. Ecological 310-320.
Indicators, 2010, 10(2) : 552-557. [32] Urban D L, Minor E S, Treml E A, Schick R S. Graph models of
[25] LiuSL, Wen M X, Cui B S. Ecological effects of different road habitat mosaics. Ecology Letters, 2009, 12(3) : 260-273.
classes on landscape in the Lancang River valley. Geographical X
Research, 2007, 26(3) : 485-490. A
[26] Fu W, Liu S L, Degloria S D, Dong S K, Beazley R. [2] BRI, A, SO A U L RS
Characterizing the “fragmentation-barrier” effect of road networks Zeidi, 1996, 15(4): 37-42.
on landscape connectivity: A case study in Xishuangbanna, [12]  XEWe, Ze4Ham, AUaERt. 18 I R 2% B E 7 5o WE A e Ak 0y ik
Southwest China. Landscape and Urban Planning, 2010, 95(3) : X 1938 FH——LDIWT LA A B R . AR5, 2008, 28
122-129. (9) : 4352-4362.
[27] LiuSL, Deng L, Zhao Q H, de Gloria S D, Dong S K. Effects of [25] IR, IREEE, AR R IR R X 1 VT 5 s S Y
road network on vegetation pattern in Xishuangbanna, Yunnan ARSI, HUEREFST, 2007, 26(3) : 485-490.
Province, Southwest China. Transportation Research Part D [30] HAEMS, TiF, Xakds, 25, $E, E44HM. cIs 5
Transport and Environment, 2011, 16(8) ; 591-594. RS $ AR 3HE T #3056 At b X R WA S O Ak, s B 22 47
[28] LiT A, Shilling F, Thorne J, Li F M, Schott H, Boynton R, 2007, 62(11): 1244-1231.

Berry A M. Fragmentation of China’s landscape by roads and

http ; //www.ecologica.cn



