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Abstract; Spatial pattern and processes are two most important aspects of landscape ecological study. Compared with patch-
based studies, boundary-based studies provide new perspectives in understanding landscape processes. We analyzed data
from TM image, forest stand map, land use map and field investigation using GIS, RS, and Fragstats software. With an
example from the upper reaches of Minjiang River, we analyzed landscape boundary network pattern change and the related
ecological processes. The main results are; From 1974 to 2000, human disturbance made the structure of landscape
boundary network in this area more complex than the prior period, with increased boundary length and network connectivity
at the beginning, and decreased landscape network connectivity at the later stage. This is because the rates of boundary

number and node number increases are faster than that of the boundary length. The boundary length between forest and
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other landscape types at lower slope positions decreased, indicating that forest boundaries at lower elevations moved
upwards. Before 1986, farmland-forest boundaries increased and after 1986 they decreased, whereas farmland-shrub
boundaries increased during the period. The shrinkage of forest area resulted in simpler forest landscape pattern and more

complex spatial patterns of shrub, grassland and farmland landscapes.
Key Words: landscape; boundary network ; pattern analysis; Minjiang River
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Table 1 Proportions of landscape types in four periods

W% Landscape type 1974( %) 1986( % ) 1995(% ) 2000 (% )
AR H Forest 54.87 51.17 48.91 47.56
EH Grassland 20.64 21.38 22.4 22.52
HEAHH Shrub 16.74 18.96 19.88 21.02
4% B Farmland 2.52 3.26 3.6 3.65
K& Water 0.81 0.81 0.81 0.81
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Table 2 The types and cumulative lengths of boundaries in the upper reaches of Minjiang River (2000)

L s i) HRKE HRAKEE S
Type of boundary Length of boundary( km) Length percent of boundary( % )
FhiE 11 5} Forest-shrub boundary 11544.6 28.14

FRE 15 Forest-grassland boundary 9158.0 22.31
FEE 1 5 Shrub-grassland boundary 5002.0 12.19
FhkIK321 5 Forest-water boundary 3229.4 7.87
V51 7 Shrub-farmland boundary 2961.1 7.22
311 5 Forest-farmland boundary 2473.7 6.03

T K311 5 Shrub-water boundary 1902.4 4.64
RIK3H 57 Farmland-water boundary 689.7 1.68

B R31 5 Grassland-farmland boundary 353.4 0.86

B /K31 5 Grassland-water boundary 272.7 0.67
HAh3H 2R Other boundary types * 3444 .7 8.39
£} Total 41031.7 100

« I (1) BE(KE) 5hoh JEAME 3 K IEZ R KR ; (2) BESHE AN B KEZRKAR; (3) B AR S,
TEASRHD E M KA R AZEIEA  They are boundaries between (1) rock/snow and forest, shrub, grassland and water, (2)marsh and forest,

shrub, grassland and water, (3)built-up area and forest, shrub, grassland and water

>

SP km

&5 Legend

Bk Forest HiHh Grassland K4k Water PR/ vk E Rock/snow
WAk H Shrub 4 1 Farmiand & Bl Built-up area YA Marsh

B2 1974 ~2000 4FURYT b iFH X R EEAL
Fig. 2 Landscape change in the upper Minjiang River from 1974 to 2000
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Table 3 The change of node and boundary in the landscape from 1974 to 2000

FH Tem 424y Year
1974 ~ 1986 1986 ~ 1995 1995 ~2000

45 SO INBE (1) Number of increased node (ind. ) 102 67 349

25 R BRI NS 4k Percent of increased node( % ) 1.42 0.92 4.75
LRI INBE ( £%) Number of increased boundary(No. ) 253 111 533
1R BEIEINE 43 kL Percent of increased boundary( % ) 1.90 0.80 3.90
AN E Length of increased boundary(km) 2126.5 998.0 682.1
LR EIEINE 43 kL Percent of increased boundary length( % ) 6.30 2.80 1.80
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Fig. 3 The changes of boundary network connectivity
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Fig.5 The changes of landscape pattern indices based on boundary characteristics
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RS R A R 2 7R 1995 4R )5 B FRRgaE.

—K— ZHEMEHREL Diversity
—o— H#5) E8% Evenness

—&— FeeHE S Heterogeneity
—— FdB% Spatial complexity

HHs Forest JEA M H Shrub HiHh Grassland 4% B Farmland
15 15 - 12 12y %X
Ll x—p—*—X
%
E 1.0 - 08 - 08
= 09 //9—9
L0
s
[=9
£ 06 -
g 05 |- 04 |- 04 L
03 |
———————e
b—p—t—, A—A—A—A p—F—E=p A——E—A
0 L ! | ! ! 1 | 0 ! [ 0 1 1 [
1974 1986 1995 2000 1974 1986 1995 2000 1974 1986 1995 2000 1974 1986 1995 2000
Ay Year

B8 ETHAREASRRNREKEREL
Fig. 8 The pattern analysis based on boundaries of different landscape types

ARIE XA EAARHE FE 3 R 4 R RLSR B R R I8 R 2007 W1 LA 1, B bR i T ARG g ok

BRCPRRE

Mean boundary length (m)

18, AR LB SR AR A5 SE e B4 , T HAt 3 e 5 UE SIS 2 Fy s g 0 R T R By 3 A 52 24K 3 AL

4 FS5iit

FEANRTIT IR B iR MR B, MR R K L 7K E AR RE NS A E W B
o, JE S AR A4 R R S AR BE R SR R 30 T R B — 2P R ) VT e s BT XA AR AL A
PESHE B R 18 B R RT3 R WU R 18 BN 2 4 (iR AL A2 BE IR ) F34 B (R IL S T %)
X — AR E R I BKF AR R0 R ] SR AN DD St o g R B R M B RO 45 R s U 5 a2
AETHRBR BRI GER X — G5B TR P8 T YA, IR T RVl — AL B o] B H:, 40
RAREUE 94 AR PIEHE , 50— AL B SR N , T AR SR L B D10 55 e 7 45 ] 553 B2 M

T b e i X AR D BE ARV IR 2 IR TR AR KRR IR B A2 AR 55 TR o

hitp : //www. ecologica. cn



4342 £ &5 % # 28 %

Ao BB K, i T ARMFATRR , Jalk 6 2 4 SRR S R R — B, BRI i 5 AL BR JLAvy
BIE, R T 2 SRR B AR A8 1 LA R 4 SR R JLA B VRS B2, e R 0 b, 1974 SR I iR S
1986,1995 2000 4E 4 M HRF AN Z RE—ERE LS 1974 ~ 1986 SRR WELBEE, BRER
WA B AR FT A

AT #RAFERFE, A SRR AAFKE AFREFSHS, ER\PR X 8RR T 05
WPOX—1845, SN T 45 SUB0E  RIR ORI PR 1 8 S 1 R P 45 4% SR B 4B AR , X BB R AR B R AR 25
LA R AR IE P48 TR B8 AR , T R —Fh PO 3R e M5t 9 AR, R M P B3 A il 1 7 I 4%
WRRIER . MZEERE I LR MEZRENER, BN EERE RN HAR NS MBI R,
B HAT RGPS R ERE- g R ENA T RS SEREM.

WAIHR R/ IN B0 B R B ) (X T AR i R M R R EE SR BAERE X, B TR F&
P ETRR , A SCRBETERX 7 TR IR A BIERIT , (UGS & R AR R AR T 04T , s 5 U8 B 32 1 D i SR
REHT IR B, BX T HKPIRMTE— P EE.

ETRRERNDFRENBRIRA,ERIKF b, BT O F R SRR S EER
FRAEAEHON R I AR5 X DL B B T BERARAE B AR R 1 SR A — B B g (B R T R ARE 18 4L
X R ECE R ACHIBITGRBEARNIE T BHESE AR, RN A AR R X 8% R+, 2%
FOFRAL R MBS S B S R RAE R E A8, R T B TR E R LR R
BERBRA B RE L, IR AR RIsHE LR

AR A 2T 7 B R EUR TR R R RTE R (R G 5 SIS JOM SR8 U R AR R A
[FI2E 2 ST G B ARE L BIREATAE 7T, BT BRIX 2025 2 BT AR HU A1 — R AR 7] 20 A 48 JR) BT B S
H o BT R RS ORI R AR B T 1400 iR S R B O BE R R T AR
Bk, FE—ERE LR RFERA R, B IHAE R A RIS R R IR 45 R IE A R ALY

References:

[1] Gardner R H, O'Neill R V, Mankin J B. Neutral models for the analysis of broad-scale landscape patterns. Landscape Ecol, 1987, 1; 16 —28.

[2] Gillson L. Evidence of hierarchical patch dynamics in an east African savanna. Landscape Ecol, 2004, 19 883 —894.

[3] Cantwell M D, Forman R T T. Landscape graphs: Ecological modeling with graph theory to detect configurations common to diverse Landscape.
Landscape Ecol, 1993,8 (4); 239 —251.

[4] Cain D H, Riitters K, Orvis K. A multi-scale analysis of landscape tatistics. Landscape Ecol, 1997, 12(4) ; 199 —212.

[5] PetesDP C, Gosz JR, Pockman W T. Integrating patch and boundary dynamics to understand and predict biotic transition at multiple scales.
Landscape Ecol, 2006, 21 19 —33.

[ 6] Hargis C D, Bissonette ] A, David J L. The behavior of landscape metrics commonly used in the study of habitat fragmentation. Landscape Ecol,
1998, 13. 167 —186.

[ 7] Thinker D B, Rescia C A C, Beauvais G P, et al. Watershed analysis of forest fragmentation by clearcuts and roads in Wyoming forest. Landscape
Ecol, 1998, 13, 149 —165.

[ 8] Weathers K C, Cadenasso M L, Pickett T A. Forest edge as nutrient and pollutant concentrators ; potential synergisms between fragmentation, forest
canopies, and the atmosphere. Conservation Biology, 2001, 15,1506 —1514.

[9] Zeng H, Kong N N. Landscape pattern analysis based on boundary characteristics. Chinese Journal of Applied Ecology, 2002, 13(1) ; 81 —86.

[10] MastJ N, Wolf J J. Ecotonal changes and altered tree spatial patterns in lower mixed-conifer forests, Grand Canyon National Park , Arizona, USA.
Landscape Ecol, 2004, 19 167 — 180.

[11] Bryan R C, David M E, Samuel D F, et al. Landscape cover type and pattern dynamics in fragmented southern Great Plains grasslands, USA.
Landscape Ecol, 2001, 16 . 677 —690.

[12] Lovett D J, Biemacki M, Page R, et al. Effects of land ownership and landscape level factors on rare-species richness in natural areas of southern

hitp : //www. ecologica. cn



9

AR %R BRI R &R 4343

[13]

[14]

[15]

[16]
[17]

[18]
[19]
[20]

Ontario, Canada. Landscape Ecol, 2003, 18, 621 —633.

Hernandez S J. The role of landscape patterns of habitat types on plant species diversity of a tropical forest in Mexico. Biodiversity and
Conservation, 2006, 15(4) ; 1441 —1457.

Bailey D, Billeter R, Aviron S, ez al. The influence of thematic resolution on metric selection for biodiversity monitoring in agricultural landscapes.
Landscape Ecol, 2007,22 . 461 —473.

Camargo J L, Kapos C V. Complex edge effects on soil moisture and microclimate in Central Amazonian forest. Journal of Tropical Ecology, 1995,
11. 205 —211.

Cadenasso M L, Pickett S T A, Weathers K C, e al. A framework for a theory of ecological boundaries. BioScience, 2003, 53(8) ; 750 —758.
Storch I, Woitke E, Krieger S. Landscape-scale edge effect in predation risk in forest-farmland mosaics of central Europe. Landscape Ecol, 2005,
20. 927 —940.

Mctzger J P, Muller E. Characterizing the complexity of landscape boundaries by remote sensing. Landscape Ecol, 1996, 11(2) . 65 —77.
Aronson J, LeFloch E. Vital landscape attributes; Missing tools for restoration ecology. Restor Ecol, 1996, 4(4) ; 377 —387.

Zeng H, Wu X B. Utilities of edge-based metrics for studying landscape fragmentation. Computers, environment and urban systems, 2005, 29

(2):159 —178.

[21] LiuXZ,BuRC, Chang Y, et al. The response of landscape metrics against. pattern scenarios. Acta Ecologica Sinica, 2003, 24(1) ;123 —134.
[22] Li X Z. Landscape stucture and landscape heterogeneity. In; Xiao D N eds. Landscape ecology. Beijing: Science Press, 2003. 55 — 56.
SEH:

[9] B ATT. ETHRGERRWRRIN. DHESSIR,2002,13(1) 81 ~86.

[21]
[22]

EFYL, M0, R, % RRERIEIRN AR RSB, £S5, 2004, 24(1) : 123 ~134.
EFY. RMEASHERRAEE. . B8 T 36 RMESE. JUm Bt 2003. 55 ~56.

hitp : //www. ecologica. cn



/ e M K \\hb\e‘&“&hg\9.23&d\$?,§$ﬂ§§§9§ﬁ H F\09¢.PS 20080923 1@5;56 Time ; 2008/09/2316:?77:;

&

e ™

9 BIEE 5 URVE SV R 20 R 4 AT 4337

F2 URT_EXFRYIA5T 2B R 4K B (2000 4F)
Table 2 The types and cumulative lengths of boundaries in the upper reaches of Minjiang River (2006)

jubie sl WRKE HRKEE
Type of boundary Length of boundary (km) Length percent of boundary( % )
FRUE I 5L Forest-shrub boundary 11544.6 28.14
WRELH B Forest-grassland boundary 9158.0 29 31
WEE T AL Shrub-grassland boundary 5002.0 12.19

Fak 5 Forest-water boundary 3229.4 7.87
WEARH B Shrub-farmland boundary 2961.1 7.22
A 5L Forest-farmland boundary 2473.7 6.03

WK BB Shrub-water boundary 1902.4 4.64
4K 5 B Farmland-water boundary 689.7 1.68
B H Grassland-farmland boundary 353.4 0.86
KK A Grassland-water boundary 2727 0.67
ﬁ;{’@,iﬂﬁ?@ﬁ Other boundary types 3444.7 g ) 8.39
4+t Total 41031.7 100

AR (1) B (VKT Sbkts FEACM M R KR Z IR B AL 5 (2) VREE Sobkh AR B R Z TR B A 5 (3) AR T L Skt
HEARMHL FEHL KM K 2 (8] 31 2 They are boundaries between (1) rock/snow and forest, shrub, grassland and water, (2)marsh and forest,

shrub, grassland and water, (3)built-up area and forest, shrub, grassland and water

N
A
}
8[0 km
& Legend
b kit Forest : B}l Grassland B Jkik Water  PRE/IKE Rock/snow
FEARAMHE Shrub B &M Farmland i BRI Built-up area B Wy Marsh

2 1974 ~2000 4FARYT L s K SRS 1L
Fig. 2 Landscape change in the upper Minjiang River from 1974 to 2000
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