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Abstract; With the rapid expansion of transportation corridors in extent and density, the ecological effects of road networks
also have become increasingly extensive and intensive. A number of recent ecological studies have investigated the structure
and spatial pattern of different kinds of road networks and their various effects on biodiversity and ecosystem functioning on
local and regional scales. Attempts have also been made to explore the ecologically optimal structure of road networks. This
paper examines the impact of road networks on the natural environment in Zhejiang Province and provides several
suggestions for developing an ecologically optimal transportation network. First, we introduce the road network theory,
particularly the two theories proposed by R. T. T. Forman and J. A. G. Jaeger, respectively. Then, we use Forman's theory
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and the minimum buffer width method to analyze the fragmentation effects of different types of road systems on forest
ecosystems in Zhejiang Province. Our results show that national and provincial roads cut through and took up much space in
forests, causing severe impacts on the ecological functions of forest ecosystems. Highways also seriously fragmented the
forests and reduced the native biodiversity. We project that, at the end of year 2020, the network of national roads,
provincial roads, and highways will cause even greater damage to the forest ecosystems if no measures against this road
encroachment are to be taken soon. Finally, we propose five specific ways of improving the development of road networks in

Zhejiang Province.

Key Words: road network; road ecology; landscape ecology; Zhejiang Province; forest landscape
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Table 1 Ecological characteristics of four habitat types!*:*]

Z#) Type HZS4%54E Ecological characteristics
HTAKIREE; SEAAERNKR B L WM EWF; KB KA W ; iTHE2 £ Ry #odl FK M E
REIREHR AN BRI AT IR0 B KR
Large patches Clean groundwater; Stream network which connected with headspring; A lot of patch-range species; Large home-
range species; Microhabitat proximities for multihabitat species; Mitigation regime to protect disturbance
/NEIBESR 1B Yt B B R ; RIP BRI M RA R RS
Small patches Stepping stones for dispersal; Protect isolated species; High species densities
B HRIE RSB P SR R B K EIBER; B P 2 B IG B RE T
Wide corridors Continuous habitats inside corridors; Connected with large patches; patch-range species usually move along them
B HRE RAEREZHZYH,; L P EEEREM S FEL B
Narrow corridors Many edge-species; Few patch-range species move along them
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ToGu = 0; {0 = 1, FgEm =2; HHEm =3 None =0; Low=1; Medium = 2; High=3
RN ERLC KRB = 5, SR ERE = 3, B NRIE = 2; N =1

SR IYE = (IR S WE + AR P + A IRRE R () X BN E R
Ecological value: large patches = 5; Wide corridors = 3; Narrow corridors = 2; Small patches = 1
Total effect = (Loss + Degradation + Fragmantation) x Ecological value

1 - 1
I
I
I
B
| —
I
1 1
X M Relative effect
A 3532 Loss 0 0 0 0 0 2 0
H: 35 1% 2% Degradation 0 2 3 3 1 3 2
A3 W Fragmantation 0 0 0 0 0 1 0
L5 SEMIAE Total effect 0 2 3 3 5 6 6
1 1 .
| : |
H 1
|
/ I !
! 1
1
X M Relative effect !
A3 4 Loss 0 0 1 1 3 0 1 0
H: 35 1% 2% Degradation 3 3 1 1 3 3 1 2
HBE R Fragmantation 0 0 2 1 3 0 3 0
LA IRE Total effect 6 6 8 9 9 9 10 10
] 1
% 5
N ] I
] A 1?:@ e
- 7
FHATEM{E Relative effect -
H:3E 32 Loss 1 1 1 0 1
H: 35 % 4% Degradation 1 3 1 3 1
H: 3B #% Fragmantation 3 2 3 0 3
LRAFSWIE Total effect 10 12 15 15 15
| r
L
N7 71 4 %/ -
:.://:.:. I N7 /
77N b :::,)//
b sl
FHATEM{E Relative effect
HBEH L Loss 1 1 1 2
H: 35 % 4% Degradation 2 3 3 3
H: 3B #% Fragmantation 1 3 3 3
LE A BWME Total effect 20 21 35 40
— A e HE L LR V777 ik IKin
Highway Common road Habitat Degradation zone

U1 SRR BRI R 2 A S R

Fig.1 Effects of roads and road networks on four types of habitats [*!
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Fig.2 The effect area of the gridded and parallel road pattern’'?!
TEARRIEAR (2304 AR ETT) N, PR RINE BEH ZUE 3R(784 M AESB BATT) IPATRGE A R (384 MER BT FEEZ MR L4
35, AR BRI IR B B A B 4 1A 3R 3 SRR A 5 0 SR B 4 5 S I P (B SER B 0 R R A AT IR E BE L R B N
EE R AEIEEEYE  In the same area(2304 cells) , the gridded pattern has more core habitat (784 cells) than the parallel road pattern (384
cells). So, there are more core cells which can protect individuals from traffic mortality. If the animal’s ability of road avoidance is high, then the

parallel road pattern is better, because it has higher connectivity
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Table 2 Forest patches in Zhejiang province

AS mRGw) AR TONWERI  fornnanmi
umber Area(km?) Forest composition range within the patch Rivers as boundary lines
A 4778 AR AEAHR AR ATAR FEASR BT AR =R FHEERBIL KL RER
B 4765 AR AEAHR AR ATAR FEASR BT AR XEW KL R EBRERL IEL T EH
c 8145 AR AEAHR AR ATAR FEASR BT AR =R 2=V AL LI BRI T 5
D 2525 AR AEAHR AR ATAR FEASR BT AR ARl EFL. 2 R
E 8220 AR AEAHR AR ATAR FEASR BT AR WA RE W ERIL AL B R FE
F 3782 AR AEAHR AR ATAR FEASR BT AR £FEW L ERIL. &40
G 10758 AR AEAHR AR ATAR FEASR BT AR AliER L LI R R
H 5736 AR AEAHR AR ATAR FEASR BT AR HHEW UL BRIL 8 I 1R
I 1588 MAAHR PR TR EAPR B AR FES W FRRIL K TIL
J 2850 MAAHR AZAMR FEBR AP AR LT AR FES W KB BT MR
K 3321 AR AEAHR AR ATAR FEASR BT AR FES W ARV
L 4330 AR AZAHR PR ATAR JEAR BT AR FEWL JRE KR /R

PAAHBK Pine forest; £2 A Mk Fir forest; jF -k Broad-leaved forest; #7#k Bamboo forest; % KBk Shrub forest; Z25F R Production plantation; X H L]
Tianmu Mountain ; £F&l] Kuaiji Mountain ; JE3% 1] Yandang Mountain ; 357 11] Kuocang Mountain ; X £ [I| Tiantai Mountain; PGB 1] Siming Mountain ; fllj
B ¥ Xianxia Mountain; il E LI Donggong Mountain; J§ 7] [l| Longmen Mountain; 7§ % & Western-Tiao River; 4838 YT Qiantang River; 437K T Fenshui
River; X H{& Tianmu River; E F T Fuchun River; F % {T Xinan River; T 5 #J Thousand islands lake; 22 JT Lan River; # T Qu River; YL 1| 3
Jiangshan River;¥ii f[HYL. Puyang River; kT Caoe River; £&4EIT Jinhua River; &BkVT Yuyao River;Z2{kIT Fenghua River; #§F % Shifeng River; J§
R I1& Longquan River; B, X T Wuyi River; %72 Hao River; {§1% 7T Nanxi River; /K 7°¥L Yongning River; B{JT Jiao River; BR{T Ou River; K =L Feiyun
River; J\J® Da River; /M Xiao River

£3 HIZNRARVEE

Table 3 Forest corridors in Zhejiang province

) Wk HaER MRS
Serial number Area(km?) Forest composition Patches which connected with
M 1226 AR AEAR AR EFR E.G
N 590 AN I3 2 E .G

PAAHK Pine forest; £2 AR Fir forest; F AR Shrub forest; 255k Production plantation

F B BRESREGEWE WA MAEEREEL B R4 HIENEE AENTELREMNEIRARRESRSIIEE
GRS 1 Stk ek ey PR

e H 3 - % able e effect value of national roads, provincial roads an
i—t:m%%;&ﬁ*ﬁmﬁﬁ ,ﬁﬁ%%unﬁﬁ%ék,uﬂﬁ% highway network on the ecological service functions of forest

HRERORAE, TA B AVH R I BE B Y] oo in Zhegiang province

WEIEREN T REMERZ RN, WEWEHE  spxn [T

HRRPE EEEZNEW, B, ¥ Forman 13E H ggg Effect value

m%ﬁﬂﬁﬁi%%%*ﬂijﬁ F%é&\ W@W‘j/l\ﬁﬁ s Nat\.ional road and provincial road 197.25

GBI BRARR VLR A2 75 R 45 S RE A0 AR W) AR M AR 4 iff’f-\‘%(zgoi fggf) ) 28
Ny ighway(end o year

ThRERE T 2 # oA (2010 ) )

3.1.1 TEABMENFRRMAERRSINREE  Highway(end of 2010 year)

=AU R (2020 4RJE) 144

Highway( end of 2020 year)

WA B EE A8 18 48 A IE 7R BB R 0 B
RIS BRI AR S5 DHRE R R LI 4 FIR 4, HIE VB E B THEZ , SRR WA SRS TR #mE
R M RE AR H THEBE B BN, BZ4HE BT SR SRR IR B8 KIRE B, Bt B fE 3
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ARPRBESR

Forest patches

AR E
Forest corridors

A BEHUBESS
Serial number of
patches and corridors

0 30 6|O 9|0 km

B3 WA ZRARR MBER A RIS I 27

Fig.3 A map showing the distribution of forest patches and corridors in Zhejiang Province

2020 4FJi% , X B WA AR A5 D RE RO R e Bt LU L\ TE R 4878
3.1.2  RERMLEXIRARR A W) 2R R D RE A RN

Bl S Mk S B T #ir 748 B EELE 28038 I 28 10 i R 2 B R X R LA ) B A M R RE RO R o el
IR T 60, SRR WA (LT LU B T % S AR AR AR A IR 25 S BB R REMA(EL A, T L B PR IR AR AR B PR 48 R AR B 2R
B ROV LR G AR AR BV E . MR AR THEED R R RS AR TR 3 BB
W, HR MR B RURURI I , 2 2020 4Rt %3 960, LR B AR B/ N B VB B AR K 275
3.1.3  RERMILEXIBRARRILE 4B RN

SRE R R 2B R 4% BRMRIR WLAE AR 45 2 BR BTS2 IR (B AN A= ) 2 R AR S D BB RO U (B B AN T R , e
7 6 T HIE A TR 48F 2020 47 JREHE AL R AR A2 23 B ) 28 X0 T V48 AR MK SRR S5 B R E B e, o,
REARERE ST EENEE, BR RN RBE TSRS S S ERE,

By Forman F)I8 B P 48 BB 50, S35 R RIMETE 20 DA B BEDXT B RS AR B KFm , 2 H B B W 4%
T SRA R RETE 20 DL ERYA 33 Ab, & BRI 57. 9% ;2020 4R AL R M 45 A 23 AL, & BB
51.1% , (BRE.EEMZTHLZERMEETE 20 ~30 ZE (31 4) , 8 30 B 1A 2 4b; TAE B R 4 23
ALBYRZIRETFE 30 DA, AT LR A B A MR BB | IR BEER O TE BN R 4% 19 P 2 L I IE VAR
FEHARHABEREL
3.2 BB BN BE AT A BEX BRI AR L e

Forman 938 % P 45 A5 B (0% 8 13 BESR AR B 3 B OB HEAT 204, X0 T BES 8 AR A B B LA S
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s 38 . N LA B
National road ! A (20024EJK) )
Provincial road Highway f;?a}éq,\

(end of 2002)

3.0 3.0 "

(20104J) | < (20204 )) b ’
Highway N Highway i Dyl P’

(end of 2010) N (end of 2020) 5 *

0 30 60 90km
I B E—

-~ HiE £ — 7N
Provincial roads National roads Highways

BEHANRRIE A BERAIRIE M 5 0 Fmi{E

Patches and corridors Serial number of patches and corridors Effect value

B4 HRTLAE B EE R B TR A B PIZE X FRMOR MR AE 2R 45 Dh RE K R

Fig.4 A map showing the effects of national roads, provincial roads and highway network on the ecological service functions of forest ecosystems in

Zhejiang Province

AIBAX 73, AR RE Wit o O T RERE B i S B 2 B ok R AR UL S , PR B 32 M B {1 707 36 X T

BRAPE R LB EBONERN E T (LE 3) BT HRA LT

2 XUBAR A 45 0 B R IE I 52 T B SEM BE, BID 2 Bl B0 8 Wil B S8 < B A% 1000m; — 4% 2%
B 500m; — 4% A 250m; ZF AR 100m™  ABFFOR B AR Z i SE I <E 7 1000m, 18 (4 1B
E N 500m,

i1 Auto CAD2004 B3I 875 E BEHR/I Y 8220km” , 2B BELR ) 18 145 18 BLAE S 304km , 13 T BEHR
PG E A4S 3 AR O 24km ;B B 2 BE B B 7 TR A0 B LR O 228k, 3 T BEH 11 4 1 7 ) B LR
5 111km,
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N
il il A eV
(20024E.J8%)

National road

Provincial road Highway

(end of 2002)

AR FiIB LI 2
(20104E %) (20204E %) ()
Highway Highway ; ’

(end of 2020)

(end of 2010)

0 30 60 90km
L

——Hil =38 A
Provincial National roads Highways
BEHLA HRIE A BERRIERIE 4TS 10 gwi{f
Effect vlaue

Patches and corridors Serial number of patches and corridors

Bl5 WL R ENE R B ATROE A B P X SRR M 2 R e (R Th R I A

Fig.5 A map showing the effects of national roads provincial roads and highway network on biodiversity conservation of forest ecosystems in Zhejiang

Province

BEABKEEZT, JLPRETERZNESEL
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£5 WIEMEE WENSELEMNENTATUEY F6 WTHMEE, HENSESEMEX
E Rl R P Th B RO RNE B HRHRVMEERNE
Table 5 The effect value of national roads, provincial roads Table 6 The total effect value of national roads, provincial
and highway network on biodiversity conservation of forest roads and highway network on forest landscape
ecosystems in Zhejiang province in Zhejiang province

A BERE EWifE ABERE SZepmE
Road type Effect value Road type Total effect value
H.&E H.&E
National road and provincial road 685 National road and provincial road 882.25
R/ B (2002 4E)0) g5 FRL/ABA (2002 4T ) 2565
Highway( end of 2002 year) : Highway( end of 2002 year) :
R A (2010 4 ) oy R/ R (2010 46%) si6.5
Highway( end of 2010 year) ’ Highway( end of 2010 year) ’
R/ B (2020 4E)F0) o6 REL/ABA (2020 4 s
Highway( end of 2020 year) Highway( end of 2020 year)

4 FHFITEABMERREY

B L Bt AL L2 EERE , B R Bl THEAE , R SRR IE HRBOR, MM E 2~
BT BUE T2 B RMA X, S B Y BEHAL T2 2 FR B BIRE

INRHE B 2003 AECHTTTAR 2 BK BB BRI N E) , R A BUR A B 48 B4R R B9 2R _E#E1T R
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