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The Driving Mechanism Analysis of Yushan

National Park’s Landscape Change

Ho-shu Chou*

Abstract

For the complex, fragmented ecosystem and dynamic, irregular landscape texture
of Yushan National Park, the park authority should analyze the driving mechanism
behind the landscape pattern and changes, for responding to the global warming trend,
to effectively grasp the impact land use change and suitably propose the planning
and managing strategy. Therefore, assuming that the forest ecological environment of
Yushan National Park is the significant factor causing its landscape pattern and changes,
this research adopts the integrated research method of remote sensing, geographic
information systems and landscape indices, studying the changes and trends of forest
landscape pattern in temporal and spatial structure, to analyze the driving mechanism
of its landscape change. This research first established the landscape indices analysis
framework by the overall landscape structure characteristics of vegetation diversity,
fragmentation, networks and corridors, stepping stone, and the vegetation landscape
characteristics of patch size, number, location, edge structure, shape, then, presented
the landscape pattern characteristics and dynamic by the 1972,1979,1990,2000 and
2010 remote sensing interpretation data, finally, analyzed the driving mechanism and
implications of its landscape pattern and changes by the landscape indices. The research
found that the vegetation diversity in the overall landscape structure presents the non-
uniform distribution and aggregation reduction characteristics; vegetation fragmentation
presents internal habitat reduction of characteristics; vegetation networks and corridors
presents low connectivity characteristics; stepping stone presents proximity increased
characteristics; the patch size in vegetation landscape characteristics presents the edge
habitat proportion increased and relink probability increased characteristics; patch
amount presents patch density increased characteristics; patch location presents isolation
reduction, re-colonization increased and distance stability characteristics; edge structure

* Adjunct Assistant Professor, Department of Landscape Architecture, National Chiayi University,
TEL: +886-919-999768, E-mail: hoshuchou@gmail.com
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presents irregular patch shape and complexity characteristics; patch shape presents patch
stretching increased characteristics. Finally, the research conclusion first indicates that
the thick and thin, sparse and dense staggered landscape structure is the well-functioning
basis of ecology species and energy flow, for the overall landscape structure of Yushan
National Park. The key issue is the flow of species and energy. Then, the circumlocutory
pattern with gather, dispersed relationship and rhythm landscape pattern is the perfect
operation mechanism of ecological location and pattern combination, for the landscape
ecological characteristic of Yushan National Park. The key issue is the combination of
location and pattern. Therefore, the combination framework of species - energy operation
basis and location — pattern operation mechanism should be the driving mechanism
of landscape pattern and change of Yushan National Park, which is the prospective
study result of this research. This research excepted provides the specific environment
information for the sustainable management of Yushan National Park, further establishing
the sustainable planning framework and spatial analysis techniques for Taiwan Alpine
National Park in future.

Keywords: landscape structure, landscape changes, landscape indices
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(BHl4f=) ~ B8R (CEE27R) ~ W45k (BEERIR) ~ ZAEREsk (B2
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{5 A R iR - JH IR R B RE B (Veldkamp and Verburg, 2004) - 2R
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Hulshoff, 1995 ; Jenerette and Wu, 2001 ; Tischendorf, 2001) » Z&fEHT E[LEIZR
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B B BRI R BN BR R TE o A ST IR AR B S A R B R A B A
T WERAERGERH] ~ shPRE AR SR R B ST )51k (Luck and W,
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— HEAE

(=) FMARZRIEN
19394F » C. TrollE FffIZZ P i FE R IR Ll ] - B REAS & B B2 22 1
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BrEE30m (L1 & 25560m) 5 B RBEELIMY » HTRE120m -

AHF AR R 09 55 [ JEAZ A TWD97 TM2 » UL X: 231550, Y: 2608250; LR X:
275610, Y:2569000 » vA+ 4 A4 » BHA1972411A18 (L1) ~ 1979424
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truth » MR = RARMFAELHR > 1995) - EEUE 252 Y B /0 JEAK
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AT TR =00 JANE - SR A AR - i ARE T BT - ST
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Frans, and Wel (199438 R BAEHE F70% ) » SCEKAT AR 3% E  HESR - 40 %EkE
T FE R R R E 2 B o BEAS SR T SRR - (B EH R A 95T SRS T P AR EE
HIEHZ% » fEHEE R - R SR AR P DR IE « &8 » DU A EE

(Maximum likelihood ) 4338 ~ FIF# R I LEIS A BERMAE#E 3 AR

| ZRI[EEMRTT (BRIBEE - 1984) ZH1EE K (Abies kawakamii (Hayata) Ito) ~ §
EEEMKE (FRIBEE > 1984) ZEE % (Tsuga chinensis (Franch.) Pritz. ex. Diels
var. formosana (Hayata) Li & Keng) HAEEZERS (Picea morrisonicola Hayata) FiRESAER
REE e - H BB A - AR 2 R RKILETT ~ M - BEEEE - BT Rk
B~ GERAR ~ RELF ~ (IR -

2 IR EEMIE Z B 25 (Pinus taiwanensis Hay.) SERz1e 0 RIREE 2 it - B)Y)
ARG e TR -

3 MG REIEMTT (FRIREE - 1984) ZH[4A8 (Chamaecyparis formosensis Matsum.) FEAGIEHRET
TER - BB ATERE - MERE BRI Ry iR -

4 FTRI[SEAMTT EILSEIT (Yushania niitakayamensis (Hayata) Keng f.) * = HFE5&Fg A1 -

5 EIEREELELMTT L (Miscanthus transmorrisonensis Hayata) » = 537 [ BHR
Hh o

6 FAZEMAERIEMTT Z AR EHE (Cyclobalanopsis morri (Hayata) Schottky ) ZFHg =i A RESEM A
Tl > SoAaREMRTE (FRIBEE - 1984 ) KZEMS (Machilus japonica Sieb. & Zucc. var. kusanoi (Hayata)
Liao) FEARIGIRFZEMBTE - FRAKZIT A ~ BEAHEY) - B2 0cRE ~ IRE ~ G ~ 11
76 ~ 2R LS -
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2. SEIEERN
AN FEERSE BTN A AR H AR E R IR B R McGarigal B 5% < Fragstats 3.3
SR ERE L (McGarigal, Cushman, Neel, and Ene, 2002) ° fR#EDramstad,
Olson, and Forman (1996) Wy5t#iEREFIEIF HIELEEE - ApF7ReEERILUBEIRA
RS B S - PO e SR A (A2 - F2  A 90T S L B REEEAR
LR - BUFARAR THUBE AR ) - s0drdh - DURHE SRS (Rl - BAURE) 7
Mr/AtEtE Rl e o DU RSB I (A ~ BIENE) i SR BRI o
Bitgf -
Aoy S ERESEAT L - fARIEDramstad, Olson, and Forman (1996 ) HJH!
i > DUEMZERNE ~ TEARE T - TE MRS BT ~ B SR 1 - PRET HE
G - LRI R BRI « BBUALE BB - BIUBIRE AERr
M PRETHE R BURRTE - AR RS R R R R AT -
J.ERSHEESN (28 - FRARENSHIERS )
(1) HHEEZEM
REE (Scale) #ERRYZ MR « REERRAD - eBErh ~ FHELAR - Bl Sefs
12 e
a. IRUEAHEIE E B (Relative Patch Richness, RPR ) 2 I % fE 5 RF 13
S R E Y B = EE AR (McGarigal and McComb, 1994 ; Peterseil et
al., 2004) - BEFEAYmEmnEEZE (Atauri and de Lucio, 2001 ; Armenteras,
Gast, and Villareal, 2003 ) -~ BEE S » £REBIEE -
b. ShannonZ 15 14:#8%L ( Shannon's Diversity Index, SHDI ) 372 iR 1
Lk PR h S R RRBR A TR iy o3 4RO (O’ Neill et al., 1988 5
Ritters et al., 1995 ; Ricotta and Avena, 2003 ; Bogaert, Farina, and Ceulemans,
2005) - EAAEVIZRRTE Ry IEAERE (FHEZRELRRAIE » 1996 ) ZEEm - 4
REA S
c. ShannonsZJ EE#E#L (Shannon's Evenness Index, SHEI ) 23R 2R
SRS BFEIUEEBRIT 5530 (Wickham and Riitters, 1995) + £
ZIEAR, - AERERRE S o
d. ERBEMHEH (Contagion Index, CONTAG ) 2 8 N & ERANHF
TRk ~ SEERERE M ] i R AR SR Y AR BE B S RE B2 (McGarigal, Cushman, Neel,
and Ene,2002) - RS - ARBSESE -
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e. MPETEFEEL (Contiguity Index, CONTIG ) 5 37 N B JRRATRF 21
DUSRBRIZ AR S A Lt 4 B M (McGarigal and Marks, 1995) » H[1%2
fsE5EAEEE (Major, Christie, Gowing, and Ivison, 1999 ) EEREESEIGHEEE

(Mas, Gao, and Pacheco, 2010) » HS2RESZEH/]N » SR » AERERK
3 -

f. BURELNGZ RS (Interspersion and Juxtaposition Index, IJ1) ZEIEEH ~ fH
FEAE ~ HfiFr i
EEH RS th ~ FHERAD ~ BUmERE M - BURRBE A0 HUE T4 (Crews—Meyer,
2002 ; McAlpine and Eyre, 2002) * JILEFESHECERIRGR (Wang et al.,
2009) - MIERBITHR (cell) MEMEBERENM (McGarigal and Marks,
1995) » MEEAZERPEEAMHRA (Griffith, Martinko, and Price, 2000) + Hiffi
BN Y RS v - AR RERAR T o

KIEL » B seiA: BB A SRS AR RS, - BRERF S TETE ~ HMERYAERE
Wk HAE ~ SRR EEEGE & R F R BN AL - AP RGRBR A R
fiti o+ R B SRR R BT R - S R AR M SRR - AR AR LR
1S HGE B Y R RRERET - RIS AR Sl A RE BRI AR REASA ) -

(2) TERERIEE

R (Fragmentation) SR AR G ~ NIRRT SR

a. DI O HEIFEFE S (Core Area Index, CAI) E R AE0 I TE I R
R b 2 NSt B B 25 E (Li, Franklin, Swanson, and Spies,
1993) » oL A LTSRS Sk A TEAR#22E (McGarigal and Marks,
1995) - fZLthis - AR

b. B ELEZE (Disjunct Core Area Density, DCAD ) I AR
(£
HR » WEREEHIE IR R B O BRI - B - ARG -

c. JEARIESEL (Shape Index, SHAPE ) 2 IR HIRE FrEF
TR A e ] S TS =52 (Batistella, Robeson, and Moran, 2003) » ik
fEiEE - AERESASE T

d. TR (Aggregation Index, A1) FEIRAHERIAE FrRF
T PR AR SR S AL (Turner and Gardner, 1991 ;5 J aeger, 2000 )
B (He, DeZoma, and Mladenoff, 2000 ; McGarigal, Cushman, Neel,
and Ene, 2002) » HEES - ERBIASE -
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LM BRI

PRIBE » A I Sl AR REBRI AR BRAL OB B I - RRBRAY-NE R ol s
ANERRN ~ TR - B FoiRE » KR R R KR K - SRRy
W IERR R - R BB - AR - YA ESCREARBRE - SO AEYE
RERYEZRTE - R sl AR REEREE Y AR RERR IR, -

(3) FERHRERE BT E
fE4& (Networks) EZERIE (Corridors) BERAEAE [ B RE ~ MEE&E AN ~ Bl
RS R -
a. HASFEEL (Connectance Index, CONNECT ) 52 FR5E 5 14 B ER AR
SRS B PR EE A A A RESEAE  ( Dramstad, Olson, and Forman, 1996) »
sO AR S HoAt AR RE it &7 8%AE (Forman and Godron, 1986) - &
FE R AEREA o
b. HNEH% N T (Effective Mesh Size, MESH ) SZLER#E#& A/ [NEF L
JERSE RS R T #iaiak - HAYRE A7 r]HEM: % (Dramstad, Olson, and Forman,
1996) - BEREM: S (Jaeger, Esswein, Schwarz-von Raumer, and Mu ~ ller,
2001 ; Saura,2002) - #EFETK - LRSS ©
c. BERFEEL (Patch Cohesion Index, COHESION ) = R Ek i B A5 R 120
MRS ~ ETE AR GBS - Al SR - DM~ BB
( Dramstad, Olson, and Forman, 1996) - &S @ ARESERE -

K1t » #EAE ~ T Y B BLE RS - mTRE IR ER i s B IR i - fE P &
2~ B SRR - FIRYIRERIER ~ BIEELARTF - i EEREES T
AT - BRI - VIR AE 7 mTRENE NI - R B WS A B At A RB Bt 8y
PERE - JETEBEHIAUHEAS SRERE R - thal SRORNY B B S M B R AE )] » AR
e~ ARARERYOHET - RIS L sl A REEREE NI A RESR =) -

(4) e

eyl (Stepping Stone ) BEZAVEREE « SEAGEITELTERAE -
2% B A TR EfE (Buclidean Nearest-Neighbor Distance, ENN ) 23R E
%ﬂﬁﬂﬁ%ﬁﬁﬁ
PE MG EE R - s 2 F g ( Dramstad, Olson, and Forman, 1996) » 23
REHREREE K iR 52% (Gustafson and Parker, 1992) -+ BEEE/ - ZERERAE
% °

b. TR (Proximity Index, PROX ) 52 ERUEA Bl e A Bl 58 O R 13
B MG e E 7 fE RS 8 ( Dramstad, Olson, and Forman, 1996) ; 3Hf55E
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e a7 nTEE M (Gustafson and Parker, 1992) - BEIE S » 47
EVEnTEI
(KIS - BERNAEAS - PR LN ERYIRERY B - IR - s B R
VIEEIE S A R - BEAY RS - SRR AR RS - AT
B2~ ARARERYOENE - B E S E RS sl A R < AR B i = e
4. EESHEES N (BE - RRRENSHIFES )
(1) R
FEBERST (Patch Size) WERBSIEEIY ~ PSR ~ BIRA/ NERAEL -
a. 100 — O EfEFEE (Core Area Index, CAI) 2 IR
S EEHIRR I S 2 - BB R4 (Dramstad, Olson, and
Forman, 1996)  &f&HtER @ AERESEES -
b. &L HITEFEEL (Core Area Index, CAI) SRS
RS AT S PSR/ )N ~ PIERYIRERE IR - 2 EREIRBRVEEL (Dramstad,
Olson, and Forman, 1996 ) -+ ARSI @ ERE S °
c. RRURTTEE%E (Patch Area, AREA ) ZEIFRILA/INEF
/INRURESREO YIRS ~ BB R ~ AR REASREEL TS « VIMEAE nT REME R
5 (Dramstad, Olson, and Forman, 1996 ) - #&BR A @ ARESESE °
RIS - SRBRRIRERE L 40 2 » BRI N - @ G845 ~ AT BIERy
5 WESEEUK /D - RIS E S SRR 417 5 REBR ARG sl » FLAE B RE
55 ~ VIREIRAE PTREMERS N  ERERRSHAY R R - I G B R, - M AR
/N AEREHERERRSY - RSB AE REEREEAVRRIE R TIOR » AR RERGR IS
(2) HEHRHCE
BBEEE (Patch Number ) BE&SRYEHIEEL « L ERILFFERFEL -
a. FRBLEE S (Patch Density, PD ) IR R
FRSRIH R LB - ERE ~ 214K 4> (Dramstad, Olson, and Forman,
1996) - HEALEBREL (McGarigal and Marks, 1995 ; Turner, Gardner,
and O’Neill, 2001) -~ BRILF R - ARERREE -
b. BIRFEE (Clumpiness Index, CLUMPY ) ZHEEABILHEH
RS 2 W & ThRE R {8 ( Dramstad, Olson, and Forman, 1996) - [E[Z%
P ARBRES R © CLUMPYFRIGIESRIEAREE L Ed 2 RAIRE B S (i S RY
{7 (McGarigal, Cushman, Neel, and Ene, 2002) -

g[m

37



LM BRI

[RIEE - BRRE I - ARFRBEHIEE » ZARTERHME 5 HK - B - (ERESE
B - BIAEARIR R < BRI S D RER e - HAERERRSi + BINHHE
Pels e - Bl AR BB AR SR B oK - HIERE BB - AR -

(3) REBEATE
BIEAIE (Patch Location ) BESHYIIZIER ~ EFTPRIEFRAE -

a. B H R AT EEEE (Buclidean Nearest-Neighbor Distance, ENN) IR
RYALEEEST
IO ARBEAPfE e AT EEM A ( Dramstad, Olson, and Forman, 1996) - #&
BREREE/ N - AERERS R -

b. #UTMFEE (Proximity Index, PROX ) E I & H A IH !
BRBREIT 2 73 HE R REME S ( Dramstad, Olson, and Forman, 1996 ) - #5T
s AREAS =+ PROXFRIFIEEHIEIRRIARARZRE (Gustafson and Parker,
1992) -

[RISE - AAAZARBRAYIREIAE T RETEEOR » AR FIZEARR BRI - #ROFryRTRE
M - — IS - SRRV ] - A RERkEEBER - RIS A REEREEAURRIR < [RER
At/ N - A RERS IR

(4) ERHitE
BEAGHE (Edge Structure ) BERAURSIEZEENE ~ TRE ~ BUUFERAEL -

a. JEiRFEEL (Shape Index, SHAPE ) 2 HIE&HLHE LRI
TSI RRIE S T 5 | B 8% Y)fE (Dramstad, Olson, and
Forman, 1996) * S&BRIEIREERE - AERESGES

b. 8% 2 ETE# (Edge Density, ED ) SIS 5 B3
SRR R R - BRER S | B S RAERYE - O SO BRI
f#7% (Dramstad, Olson, and Forman, 1996 ) &5 5/ » ERESER S °

c. T HEFEEL (Fractal Dimension Index, FRAC ) RIS A R
R BRAY AR R AL IR A T E AR - BA25E H 2Rk - Yilicpe s - 4
REMEEEZE 2 (Dramstad, Olson, and Forman, 1996 ) - s3rHESEGEERE » 458
WA ©

[RIEE - SRR SRR 2R ~ BORTRE » vIIkE [ B ISRV - TPk
T oo MRS - B H SRR - YRR R - nEETHAERE
PERETE RS » Bl Bl REERIR AR SIS I RS I I o ~ Tt » AR RERGR IR -

(5) BIRAR
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4 REEL AR IR (Ecologically Optimum Patch Shape ) #7%&
a. FHEAYIMIJE[FESL (Related Circumscribing Circle, CIRCLE ) ZEIRFEARKFE
TERFEI R SR PT B A R It R R SR AL B - AR BIEAL O ~ R85 SR
ZE IR ALY 2 RE B I BARER IR IR ( Dramstad, Olson, and Forman, 1996)
CIRCLEFRDARESH Bl i/ N MBI I AE LLAE - Ffi R EZ R (McGarigal
and Marks, 1995) - MHEAYMIJEIK » A REKES = ©
KISL - BB ~ BRI &R SIS IRAE FRATERERIEIR » 2 sl RE AN I
RSP - TR RRERERES » "ITE AR A AR A R e8I fe ~ THIHIAE
Y& BRI B YR S S A T B - Bl A REER SRR I IR RS i B A%
O~ MRS SR SR E M E IR 2 - AR REROS T = -

= MEBRE R - RERHEEE

(—) Fhm i

ARSI AR B A AT R I SR (FfR2) - B EL =
Mz R IR - BRSNS - NSRBI RAK - ZEEEHZ
FNEERISS - A ST AR IR -

%2 1972~2010F %A &

1972 1979 1990 2000 2010
1 16.02% 10.99% 26.87% 17.21% 14.97%
/N 20.46% 26.15% 13.97% 19.45% 19.98%
i 15.58% 24 .48% 17.97% 18.13% 18.62%
BT 21.88% 3.73% 1.68% 437% 4.49%
= 10.39% 10.42% 12.56% 9.75% 10.02%
REIBERR 797% 12.87% 20.28% 27.48% 28.22%
LS 6.10% 10.22% 5.50% 0.33% 0.34%
p=val 1.49% 1.04% 1.05% 3.17% 3.26%

BRI © AT
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Eif - s 5e

(=)
1. E#HZ5H (FE3)

A

ERFREE

R L - SRR - QU RR P EIREE 5 AR TR
& » AR LE B iRE ;s SRR - RIS R 122 - BT
EEMERF - Kt > TIHBIZ AR R BRI SR MR - SR e i
{ERTRE LBl - A2 HIGH ERHERBIENAN Sk MR RS -

RERARE L - EREEANE - AERARE R (RBIRERAEE

100
20
80
70
60
50
40
30

T T T T 1
1972 1979 1990 2000 2010

RPR

CONTAG

SENE

LR ¢ BE B (RAR)MESEL(M: 100, S:0) ; Z A1 (SHDDK
9% » ST H4EBE2 2%(M:1.82, $:0.069) 5 ¥9J=)E (SHED 9%
ST AHFERET 5%(M:0.85, S:0.034) ©

RERA : HREME(CONTAG)ME0.8% » SE_14EFH11.3%
(M:34.32, S:2.477) s %BHEME(CONTIG_AM)[13.9% » 354

1.75

1.5

1.25

0.75

0.5

SHDI

SHEI

------- CONTIG_AM

[#6.19%(M:0.67, S:0.063) °

At~ ARERAS ~ el BB TR 14% - SE AR
15.8%(M:71.66, S:4.9) «

0.9 90
v o N T e TP ROEE R AT S B
07 o P 8 t:(CONTIG_AM)
6 ™ Z== ... & REEE AR SN & o B
. o oy RO AN =
FRRE st 2 A1 MWE34.4 %%
** Tasr2 1079 | 1990 | 2000 | 010 | TTTTEEE L1 gy Taong T somo | 2000 | 20n0 | TTTTELE
1972 | 1979 | 1990 | 2000 | 2010 P 1972 | 1979 | 1990 | 2000 | 2010 o (V00135)
CONTIG_AM 1
Bl BT UDRARE35 3% % » LT LR R(V:239.98) » FAISERIT15.6%
3N 1972 1979 1990 2000 2010
CONTIG
0
o
Wosaon
Enmrm i
[3.454 £k i
L PUYY ~ BRI B R AR RIS D AR R R R R o B SISO R R M R o Y
i - B I oA B o > BRI
0~0.5 1447902  833% 9594.09  554% 3505536 20.24% 48524.13 28.02% 38664.81 2233%
§~0.65 34080.75  19.60% 20003.85 11.55% 3091653 17.85% 39390.66 22.75% 4549932  26.27%
J=4
m? ~08 6862959 39.48% 6907635 39.89% 4561605 26.34% 4065588 2348% 5530248 31.93%
~095 5665284 32.59% 7450641 43.02% 6159276 3557% 4461003 25.76% 3371409 19.47%
3 BB TMEHR AR SRS

(it - M IME - SEARHER - V2R
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M) e - MR (KRR ) - ARt = EmE (20.8) [68.1% » {K{H
(<0.5) J162.6% » RMEEA B /N » RFERFAE SRR A& N o KIEL - K10
BRI 5% /) e R A S A A Y RS IR+ R R R R A - AR IR
(W AERGE 22 ) B R N IRE - R e s SR 2 B

erp - MHEEHR ~ BifiRr el b - BB an s IR R - S LR R R - A
R (ERRHRES0) » Ry s 88 5 ST - FZEMER (FR70) » Ryixdd
2] RIFEREZRW 38N ~ A5« K RINEZR A EEE S80S ~ Hik
HB ~ BT - BERSHEREZ WS B ~ ST - e e SRR TR R 5 2
k o

fRAEME @ RILBER A EEE BRI RN - 19 ERHE - S ERPR
NIGZ oA - SRR R - PO BRI RERAS » JRI » BEAS AR
5~ HAS  EBERRERHME - BRHMEZ R ERGES IE 2 fatE - fEYiERS E)
TR NEE - e R e R AR R Ry RS -

2. \EBFREERE (F¥E4)

MBS R R R b - BRSO L R - mEEE (265%) [
114.5% * &BfH (<15%) T+14.3% » QIEEHSTERFAY AT EER D - s A s el
BHEE BRI AL EERRRE - &7 mIIERERS 0 g FEMT R - KL
FIBIR A HE s BAS A P BRI SR R 3 - REREELHF RIRRE R b A N e bRy
i ~ PR+ s SR N - rREREARE G R R

AHAIE R R TBRE RS EE (=15) 71237.4% @ RAE (<2) B
37.6% » HIEERSHERHIREIABLRIAL, » Sifdh DU G iR PR AR TR EE R Z 43
BY » MARTER 0 A2~ REZEMRRIR AN A8 - IR - I DB 5 B e s A R R A
HIRE R affly - RS AR IREA LR » SOl @i R - AR AR
BEAK -

A E - RIUBIZR A E RS RS ERAE R - BRBE P S R AR K
D~ TEARBEAHR R - B 289385 - B R (Buechner, 1989 ) ~ fHYAENER

(Hardt and Forman, 1989 ) SFA:REHERE » U ZHRATE Wi » 1 S A Bk A]
FERFRR S » vy R R R R A A » ST A s B R AR G
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S e Yt A 2

85 e CAI_AM
75 Al
65 WIS - RO IR (CAT_AM)REL3.6% » 35 AR
2 19.6%(M33.54:, $:4.56) ; LI L EDCAD)R11.2% » T
35 — ZA-4ERELT 8% (M:2.45, S:0.50) ©
%@RE 2: 1972 ‘ 1979 ‘ 1990 ‘ 2000 ‘ 2010‘ —
75 ——— "< +>"—— SHAPE_AM N e —
o AHRWES © TIRFEB(SHAPE_AM)#E75.5% » T 14
45 RS5.6%(M:6.92, S:1.39) ; B (ADKE16.2% » T _F4FRE
B~ 6.2%(M:70.12, S:7.33) °
' 1972 ‘ 1979 ‘ 1990 ‘ 2000 ‘ 2010‘
8
A YA ¢ LT
4 N Zia\“( ....... i@ ECADERRY »
- PUESYL ST == 62 5% RS
" tor2 1079 1090 | 200 2010 T e " aon2 1018 990 2000 2010 TSy,
1972 | 1979 | 1990 | 2000 | 2010 P 1972 | 1979 | 1990 | 2000 | 2010 f— (V:100.25)
CAI_AM DCAD
T KU/ (DCADWARE REZERS - BVTI66.1% 52 (V:2.87)
BRIRE 95
- ,ﬁAV/ R & — ANHATWE F o2 B
PR R A, W —_ 75T — -=-ei RIS (SHAPE)
o AV AR W R i 65 . EN o o
sl s }/ i:%;: -~ s Hi T hE30.3% % %
PR N 45 (V:1.08) 5 281 by
1972 ‘ 1979 ‘ 1990 ‘ 2000 ‘ 2010 Ffﬂﬁﬁ
SHAPE_AM - KR(V:15.77)
IR ADIARE36% %% (V:161.49)
BN 1972 1979 1990 2000 2010
CAl
on
B o
D PARIE RO K » 0 iga g - B *ZILJ’J’TFK% Fsﬁ ’FZ/L.\}*%‘FK% fé *Z»uﬂﬂ.‘ i/ 1%
FESEMR RS 2] R A BHEE SEMAER S AR REIBEMR TR =)

T 0~15 48010.68 27.62% 29001.33 16.75% 47799 27.60% 69857.01  40.34% 56045.25 32,36%
5 ~35  49466.79  28.45% 30854.07 17.82% 37233.81 21.50% 31687.2 18.30% 50068.71 2891%
) ~65  50864.58 29.26% 95002.47 54.86% 61948.53 35.77% 50612.58 29.23% 55180.89 31.86%
m- ~85  25500.15 14.67% 18322.83 10.58% 26199.36  15.13% 2102391 12.14% 11885.85 6.86%

. 1972 ) 1979 ‘ 1990 2000 ‘ 2010
__%‘ 2 1S g ! R b ¥ ¢ o LS
.z::s A ¢
!!I‘»:%:: e V . - i -
" Eﬁ%%ﬁﬂkﬂ‘?fﬁ EP?"?K?L%H(@F’JT Eﬁﬂiﬁxﬁk@ﬁ? AR S uﬂﬁﬁxﬂk@ﬁfﬁ

HI Sl Kz B AR - HII - MERHTEM 2
M0 1~2 6005196 34.54% 4619205 26.67% 36920.61 21.32% 4032423 23.28% 37483.83 21.64%
fy =5 0624000 38.10% 5980698 34.59% 5173317 29.87% 5058639 34.41% 4990455 28.82%
2
m

~15  39182.13  22.54% 4467024 25.79% 59552.37 34.39% 5222250 30.15% 57560.13  33.24%
~45 8368.11 4.81% 2242143  12.95% 24974.55 1442% 21047.58 12.15% 28232.19 16.30%

B4 BT AL A 5 AT
(fieat: - Mmﬂﬁi’]ﬁ SIEAHERS - VIR RED)
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3. R MERE (F¥ES)

NS 2 I B R i L - ARSEEREMERIE » Kot - RIS A e s i
AR E RV BLEER R AL - fEREEE MK - DS EE BRI YIRELLE - L
U NRUEEYIA B RIR Y L - TR RGN, -

NS A/ INFFELE » RRILA RS T Y - BRI W - (ERASEMEE
It HABE B EEZEARRIRRIL R 10088 » BRE/IMR1SAEE - (KL - RILER A
i B e B RS A RERS R/NRE A - TR E R A B R ATl - SRR
Wt FEESR MR (LARE - B R Eh R K -

ARELE B L - RRBRBER L - BB - IRIBE - RIS A R =
BUSREIRSE R B R AG - SRR PG - (HEREAE - S iERt
FELZE  HEBHUE R - BOLEER AR - HAETEERERLE -

fREE - RIBIZ A EREE sOBAS A AR B e - AR TR - iR
A RS B SR AE YIRS RERE ST » HLR > RRBRAVRBERRRE ST » A fe ol BT i
fiti > RS AR A - SRR R RS

SEEEME @ B (CONNECT) R/ » BT 13%(M:0.007,
T 8:0.0009)

e oy L eonmen g < JEE R ST (MESH)TH79.39% » 3 4R
SERE |,
29.35% (M:404.77,S:124.63) °

e 1972 1979 1990 2000 2010 E“&{%ﬁgﬁiﬁ?ﬁ : ﬁ%E(COHESION)ﬁg@/TE ’ H]%ﬁ
0.72% » 3 —+4ERE0.29%(M:95.73, S:0.84) °

> 400 A ” NESU -

MR Fo ] AV
. ~ 200 \[5%
. H/__;‘\_i%& ,,,,,,, o | LN e (CONNECT)FHE

I N bl RP = =1 i DT | A3%ERE(V0) M
1972 | 1979 | 1990 | 2000 20;‘ e 1972 ‘ 1979 | 1990 ‘ 2000 ‘ 2010 — 9:{‘27 .4%%%(\/:0)

CONNECT MESH

BRIRE  ggishio)  §858R~F(MESH)REESOfE(V:1716.37) » SiTI94% 5%

97 _/\ 2
95 I s S 1% e .
BOTARITRITST e BUMIBLEEE | BURIE(COHESION)MHEI0.5% %
BT (Vi16.84) ¢ TR 1 %8S (V:3 82) -
1972 ‘ 1979 ‘ 1990 ‘ 2000 ‘ 2010 e
[E)
COHESION

5 RERY TR AR AR 4R 45 VLR 38 AT
(fiE: - MEEIME » SEAENES » VIS8R )
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4. BRA (F%E6)

A R R R L o R EE T 65 m (W BRI B O BERE) B
STHRBEEERE (>300m) 1.47%8E%E0.26% » E(H (<70m) 26.61%T+%E91.96% °
Rl » RILBIS A B RS S BUAS R R B W SRR A - RIBERR PR PR AR - P
PSRRI RENERE T - MEZH R PR S AR RYAH A2 %2 (Gustafson and Parker,
1992) -

B B B LR - BT MY - TR NP S Y W REE (fFHE
NEABHFTE » 1996) - M EERE (22000) FR196% @ ARMEH (<10) F44.7%
FRgER W S B EE - R Ry e R R, o (RIBL - RIUBISR A R R e S
S A B S AR - APy A R B A P RE TR T el A R, -

FEMES » RIUBEZRAEEE R EEIE R NG - BEEEE R BT
B - AEREHERETRRME o RS RROLEERERT T i N - HAREBSRS RAEEDIRTAY -
EE R DA MR R 2 ik Hisi sy - R R -

(=) AR E >
1. BRR~T (F$E7)

SIFEEERELL  SEER L GIRETT BRI EE (275%) 7119.4% -
RAE (<30%) [%84.7% » FienigHiAE R ERHARE - (RIIL » RILBIR A EER S8R
WS IRTAL - RRBLSRE LB - AT R L E SR - S Eni e R
BIEK -

WSR2 E - BRBE PSRt AR | rhEn R S R B - AR R R
10% » 1ZERRAEEMRIHERF 40 LA | -

RIS A/ MR L - SRR AR RERS I - BRI - RISEMORNY - B & E

(22000ha) #k67.7% * {K{H (<10ha) [#10.1% » HHygi @RI TE G -
Bt RINBIR A BRSBTS NG - FERE ~ BRERRRRE ~ #/N ~ 438K
HEYIRE ~ BRE ~ RGO - FISHEYE - ERmEASIRERis, -
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JEERt © RIS A= EEE

B BREN AT

850

650

ENN_AM
PROX_AM

PSIEPERE © SoRFEEE(ENN_AM)FE39.9% » 3T 4R
0.6%(M:79.78, S:19.89) ©

SR 450 I ERE B  BETTRE(PROX)AIET92 9% (FENTIE &
B FEFTEY) I HEARI1 .6%(M:864.01, S:8.13 » LUE 1
* 1972‘1979‘1990‘2000‘2010‘ fﬁ§+) °
BEOEE i E R
3000 e
2500 [ S~ 7 %(ENN)E’ﬁﬁ
A\ AN
100 /\ st | MEE42.7% RS
RN 1000 / N\ . B (va2ss3)
R v wrr ] [r—eyr——
*° 1972‘1979‘1990‘2000‘2010 ““;;ﬂ; ’ 1972‘1979 1990 | 2000 | 2010 “M;;’; %?ﬁ"%’%% P
ENN_AM - PROX_AM . FEE(PROX)REZENK
KPE(V:1383811.9)
2N 1972 1979 1990 2000 2010
ENN
o
W ooz
Oaszn
L KBRS /N - PHMIE ~ RAZEMRER 79~90 4 MR AT FE 22 dh il DL A EE 0V shshe
FEIBEARIE AL BREEREE 2 JREEG SN )N
60~70 903177  520% 1162728  7.13% 14135301  81.62% 14337135  82.79% 14603724  84.33%
- ~90 12614931 72.57% 11885858  72.84% 2314872  1337% 2159622  1247% 18958.68  10.95%
j=1
2 =300 3610503 2077% 3087981  18.92% 825795  477% 778419  449% 773721  447%
~4500 255609  147% 181503  1.11% 42102  024% 42894  025% 44757  026%
1972 1979 1990 2000 2010
PROX
L-10
-0
W o200
W e oo
Mazeus
L FAIZEAR ~ Sl ~ TREE ST Y FHEE & ~ FEEE hEng i B & Bl B e Tt
B ezl L =TI MRS RN B TR REBEAR I S P i e
0~10 9342072 5374% 751536  4340% 546003  31.53% 60445.17  3490% 5166036  29.83%
%E ~100 4392136 2527% 4580181  2645% 438129  2530% 5382477  3108% 4502223  26.00%
=4
, ~2000 3568472 2053% 5024403 2901% 52865.19  30.53% 4411143  2547% 5987421  34.57%
~24000 8154  047% 198126  1.14% 2190231  12.65% 1479933  855% 166239  9.60%

El6 ERE R —MAIEIE 5T
(fRE : M2 P9ME - SERMER: » V2R
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7 o | TERFEEE ¢ R THIAE(100-CAT_AM)1k6.8% » I T4k
& \/_ - -caLAM 10.97%(M:66 .46, S:4.56) °
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