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The Relationship between Landscape Change and Invasion of
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ABSTRACT  Kenting National Park (KTNP) is located in the most southern part of
Hengchuen Peninsula in Taiwan. The land-use change in this area has resulted in a great
spillover of Leucaena leucocephala, a serious invasive alien species. Therefore, to
understand the invasion of Leucaena leucocephala in the changing landscape has
become the most important task before formulating forest management strategies. The
purpose of this study is to explore how landscape structure change influences the
invasion of Leucaena leucocephala. Basing on landscape change data. multi-temporal
SPOT satellite images from 1988, 1997 and 2009 were used to generate land cover maps
and study the effects of land use change on the variation of landscape structure. High
resolution aerial ortho-rectified images were used to map the distribution of Leucaena
leucocephala and study the species’ invasiveness in different land use types. Landscape
metrics and the proportion of Leucaena leucocephala cover calculated from 46
randomized sub-landscapes of 1 km? were used to investigate the relationship between
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landscape fragmentation and the invasiveness of Leucaena leucocephala using
chi-square and correlation analyses. The results showed that the landscape structure was
most fragmented in 2009. The shape index showed an increasing trend from 1988 to
1997 and 2009. Among them, the average shape index value of 2009 is higher. The
proportion of Leucaena leucocephala and landscape index analysis showed a positive
relationship between the degree of landscape fragmentation and the invasion level of
Leucaena leucocephala. The correlation analysis has shown that the correlation of the
largest patches index is negative, while the Shannon's diversity index is positive. This
study confirmed that the invasion of Leucaena leuococephala will worsen if the type of

landscape patch becomes more complex.

Keywords: landscape metrics, landscape structure, Leucaena leucocephala

RIS

AT AR A N UG A R o g &5 R 3%
2N i FEAL(Land Use Type) R~ Ery
e > T A G R R - B
BRI ~ VITEAH S AR RE 2PV A ] R IS T
TEAE N R BREEEERENR - & 53 Ny ktE
UNEZ: =R SN ESy/E2 AE S =indE ik b
HHERNE - IMRIEYIREH MR EZEFEAA
ERAEREERZE AN THERIRF A EYE
7% 0 A2 EBESMREM A BN R K ERER
(Kitayama and Muellerdombois 1995) ; ## & T
EHGRI AR Z5%% 4 (Duggin and Gentle
1998) - i HE BEEE A A BB BRI Y ] B
55 5 A (S FEA R (Cramer et al. 2008) »
I 2 SR ARAE VI 18 SRt = 2 898
INEIERH REREZIERE(L - Hobbs (1997)f5
ARG T AT E R SRR R
TEEEM S A RRAVEIRG AR EEAH
FEt: > WA S B R SRR R
ARE T AR ECELAY B 28] o Tt SR AR RRER ]
B ZEst A A B R 22 8L BHREME—20
PRETHN St 45 - ThRE R BB H AR E
(Forman and Godron 1986, Hobbs 1997) -
SR T RE B B O SR A A U AHRE - R
ST Z SRR (S 2 A L SR A - =
7 22 T &5 g I ] ) A 3t ¢ Fi5 #5 (Landscape
Index) /I CAE AL R FR I - & IEL I gt s Az i 2
R DURZE i Lisi2 Ay AE 4 /F A (McGarigal
and Marks 1995) < Z&FUHIL > fEFHRE ARG

=

R AEER _O—=FF _+=EFUH

BV E - HATZEIR R 22 R 0 - e
PR HAfT 22 B8 7 T B i 2 A AR
RS HIRE - A E AR e R B MR AR
Yl srE A LV EE  PRHGR g B Ny oy
hlE A SHEER (S Z%E 2007 - JEARST
T 2009) 5 7 E(2007)EEHTZEIRR 0 A
FAALHREERSHRGEARIBIY - MPREE
S5 (2011) fE R B4R 5 2 A FB T R g e
B IER » IR R SR G P G B 3 A
2 Bif% -

B TEE BN &R &S
BEHEARE AR R BT Y5
M M - BEEE TR R A s > AR
EEAERDE SEFERNE > fME
Y$R & #(Leucaena leucocephala)fl Ay 4 &1
BB AEYIZ R MR AR (B - =8
2007) - #EEZH ARG SR T IR A B
BRI 22 [ AR 1 S AT PRET (B
KFE - =B 2006 - JEARST 2008 - EREE
2008) - /b H it S AR RRER A A EERET MR )
T A AR i 22 Pt S S A M SR ik
B2 RN~ TR~ BRI oA 22 &R - B
HRNEAE B 7 [ BAR R - 2 A\ RyGass el
MBS EUE B AR A AR AR - il
NEERET R B R A R A AE LT RE 2
B AT LI R AR RRER AR, - HA SR AR SR
TEZR A S ERREE AR 12
& MEEAMRIE AR 2 22 A R R B R
AZRET -

33



SHE - (5N > B - B

MtERTT A

— ~ ISR

B TEHFABMUNEEERNVEELS
(B 1) F> 1984 R IT > BEES—(ERILH
BZ AR - B = s REACEE g
HOETEI > PSR AR - PEREIE TSR A
EEA R R G E SRR > JEE
FE(Z LI - Pk f 2 18,083.50 ha » JEHlE
FE&E Fy 0~520 m > &R LR K &S
kT > FEEPE AR TR - &
o B Ry LR RE R N 2 8 AL Tl
520 m - BT ER A EBEEIERR - £
FOR 23C  EFR R AFAHED 1 ARS
SRR Ry 205°C 5 7 HEE HERRR
28.3C - ZERMERIE - FFEETEL A
2,200 mm > Spffifty o 5 HE 10 A >
4952 FIETRE > 82% > 11 A ETUE 4 HHI
FyRz RRE - REE 10 AEFF 3 HHEIEER
JEE S » BEFbEE 10~17 mo (BFF TR LR,
RARERABSZER TR A AEEHE 2008)-

N A
1. EHER

R ZE Ry ERat st B P =3 = R R
IS > B4E 1988 452 A 5 H - 1997
11 H 10 H 52 2009 4F 1 A 19 H =HiZ AR
SPOT #EFBER(E 1) i rEz
Pkt s Rz (land cover)4H ik oy Ay =it 4= S
B~ PSR - (CEAEREE - BEH
T DR KRS > 6 38 - SRS
FENV R KU AT TR(G 548 > 1988 A2 7 48
BTy 83.33% - 448 kappa {# 0.80 ; 1997
FE4EBETRTE 83.67% » 4444 kappa {K 0.804 ;
2009 F5 5 5y FEAEREE 7 85.33%  44#S kappa
{E % 0.824 -
2. fizEigR

KRR REERTERAEREGEH A
B2 B SR T M2 2 e
7 2009 SRR ZE IEA G () 2) Hz=ffR

34

M1 %s 25cmx25em < sREETEMIZEIRA
HAMRSTEAE - 58 2 B [E RIS R A5 R U
KRERTEEE - FiIF ESRI Arc GIS 9.2 HiIH&:

IR - LUK ~ K/ ~ i EEaE - f252
FELAR B AH 45 5 I P B AT 2% (BRI 1996)
AT AT HIRE - L. GPS AR b5 B FE R iy
B ERIEZ M ESS  DUEREL =0
TR TR A BRSO ATE g 2 I E R -

=~ WA
1. B TEZ A EM RSB 2 5T

Ry EALR T BRAEAE 1988 4 - 1997 4
S 2009 SERTHREEE 2 o AT
BB oBHESLZZ LR HAER > £H
Fragstats 3.3 ZE[Elf&/m oo trichs » ST RH S
A AH BB R R AR A3t S5 B - ARBHZEARAT A
XA 2 8 fEit RIE (A - X
HE > 2003 ; Jomaa et al. 2008) ; {KIEFEHTNEE
ZAE > Ty R R EFE R~ TEARTE S - AT
BB RS - R MR B U - SR RY
— MR Ry ¢ ER IR AG B (Patch Number,
PN) ~ - il AS %% & (Patch Density, PD) ~ K
iR RS fe# (Largest Patch Index, LPI) ~ S35k
PREE A /INMean Patch Size, MPS) ; 2k s 5 R
S RFEE(Mean Shape Index, MSI) ~ #iz#l
e S 15 I P 4 & (Mean Patch Fractal
Dimension, MPFD) ; Hf & % % M35 1 &
Shannon’ s % {E+E%(Shanon’ s Diversity
Index, SHDI) ; BIFfEEETE A A §E 1 -
2. SREBARIMZER

Ry TSR EEM ARBIE - Roe iz
PREE AT [ B - St R AR A T g - ) A 3
Hil a Sty e g o T  (overlay) - DLt
FIR G EUE & T st A AP AP S 2 HfE R B
bl WERETIR S ECRE LR AR AR
A o
3. BT R AEM SEEBHIRSE AN 2/
%

TR e it S 888 2 SR BLR SR 7y
2 Bif% » LA 2009 4 3t H RS E R - 7

E

FAEEHR_O—=FF _+=EFIUH



1997/11/10

BTHF A FEEERSEAR ZRA %

2009/01/19

1988/02/05
1. =Hi SPOT i 2# &
% 1. Wik —HISPOTH R A K
Tk H 3 fhir A4 ZERAfEAT F1(m) HAC) KB I3 (%) ENGIEIEIE[G)
1988/02/05 SPOTL 125x125 -26.85 145.15 44.38
1997/11/10 SPOT1 12.5x12.5 -21.99 154.05 47.21
2009/01/19 SPOT5 10x10 -22.43 147.78 37.33

2. B THZEAESEEPOIERTTZERR

BTHRAEBEANS B REHAER
M o HE& T 1,000mx1,000m (100 ha)Ay HoA%
15 > £ GIS BAGHEHAT 50 (el - HEbk 4
(E#EE B 5 BB - FLEAL 46 (Ef
& o I 2% 5t 5 g 4 3t 5 4 (NP, PD,
MPS,LPI, MSI, MPFD, SHDI)&1L& & 7 3
FEERBET RS E TR S mRAEE S - ¥
BRI AR SRS P2 RN AR o) H = R

R AR O =FE = EF U

(< 1.4 ha) ~ FERZRE(L.41 ha & 2.22 ha) ~ &
FEBEHE(>2.23 ha) = {8 F 4 & oy SR8 i
AR W SRS SR A B IRELEBIERT A
= 12 & 53 Bl B 8 A= (0%) ~ R [E AR
(0%~10%) ~ /& A{=(10%~20%) ~ =8 Az
(20%~30%L ) » DAR[EIMEHFAZ EBAR S A
AR EER A R 05 B 1T A% E PRET SR (b
PSR GEARAZEARARR I - fy T — D IRAE

35



SHE - (5N > B - B

=GR LB R GO Z BRI (7 DA 7 (il
szt doapill it Sy (int bl RRv i = Rl
FH 25 115 90 B SR 5 K A 58 8] S 17 A BRI 1 O
AT > BT IR G R L B B = R B (LY RE
e

— ~ BTEHRLAEEEH SRR

SFERETEHZEAESE = (EE R
Ryt R AR HAER S RIAE 3-3% 2 Frn:

H#E 2 TJAE T ER AESE M5
451 - 1988-1997-2009 AT —REMEFEE AT ER
VAR R BRI RS B A SR R G S - B
(i PN AR RS BRI I SRR S e
ZHENN s SRR R N K SR AR TR
BRI IR TS, > It el AT 1997 4
IR S R D » (B PRI R N R K R
VRS fR SR =R e Y BB E
HEF S S A B L E S S R K
RS - AL EIRAS B g R) - 1 1988 41
HIEE AR B BE R U (K > 2009 FEHY-FH IR
BEA NG/ > PHER/RAE 1988 £EE 2009 K
EITE RIS Foltie /D > TEEEALTEIRE T - #RIEAS
TETFE 24/ ) -

TERRIE 8O H > Refuitih SRS
AR SR R=HARIE R 2
HEEREES > Horp DL 2009 Y SERR TS B
{Hlrr o For 2009 fEATHE SR I RE RIS HiE
&AL EH o IAE Shannon’s AR MEFRELAIR R
S SRR B M IVAR S SRR S M
A SRR O Es - Hop DL 1997 4
HIE R AR nsthyoEay - B 1997 1y
SRR A N KRR AR TR SR

FETERABEER 10 258 A TS0
FEAN 2000 A1 BN LA AR Y YRR B
o AR EEN R B LRSI R - R R
FrE IR R Z Ryss 0 > RIBLAE 2009 4
ISR G RSN HILEE RSN
B0 > SR B AR B AR S8R - A

36

M= IR AT EOR! > 2009 SEHYM S
REECZ oA > HEATRABRAEME - S5 RBURHE
B CEEERSEIAREE EREA
BEIEE - R Al AT e AR LA R AR
(EHNETEE

o IREBARA Z B
1. REEZEMSARE 2 I

F B e BUSR A B 22 ) 0 A0 2 &5
RAE 3 Fn o sTRIREGEIER TREAE
I8 AN 2 T &y 872.3 ha » il [ I8 4 I 1
4.82% -

2. I REEHIR G AE I E

AW LA 7 18 1L A T PR M R A
TR S BLER S R A RAR SRR 1 » Fris4s
REGEM _FZH AR BEEN M
(x*=21.86043, df=11, p<0.05) » HH G L2
[EESRAEINARIZE LR EARRE - & T
i — 20 I i S 4SRRI SR S B ) AT 2 Bl
B ESRL T (B SRR E Y hEAsR SE AL
BlegEdag e - HAGRAE 4 s -

I FH &5 3 1 5R & B AR LR 51 2877 4
P DABRETHE B B LT SR S TR
B o LEFNR 3R -

F 3 HIH B KRR RO R SRS
WESR SE AL P B A BE R G Kol
RiPRAstE S E AR B NER &
KRR S ARG AR R 2 LR & oKk
PRASLEBIRCA - SREEAMELLAIRY )N 5 B R
ARV R E EAERE  HEFE RS it S Y
HIZAAR M R AR R $E B E AT R &Y
H BB

e RSB ESE S 2 B (% AR5
GER DU KRR LR S AR L P 2 L&
FERE > BRI E TR AR RS - FR LT A
PRE BT/ MRIRAS PTG EL B S » FEE R
RS CL GBS A > SREEYE G A 2
INHIREES » TSR G BT SRR R RS T AR
A AIZ - Song et al. (2005)fE A £t [ 5
(BB ~ &SRR A AEY) 7 ats s » AT

E

FAEEHR_O—=FF _+=EFIUH



BT

=t

FAEH R BIERGE AR Z Btk

x 2. BT EHFAEME RIS RER

i EEE 1988 4 1997 4¢ 2009 4E
UG E(NP) 12,667 12,619 14,291
HRBRAS % S (PD) 70.25 69.99 79.26
SEEL i A /N (MPS) 1.42 1.43 1.26
EHR R ASHSHI(LPY) 25.96 28.79 27.91
SEFT RS E(MSI) 1.34 1.34 1.37
R B S ST 4 E (MPFD) 1.062 1.065 1.067
Shannon’s 2211458 (SHDI) 1.36 1.42 1.39

Y

3. BB TEZ A E 2009 FFIREEA R AE

% 3. M EREEELR SEOREE B Z AR PSSR

NP PD LPI MPS MSI MPFD SHDI L area
NP 1.00 1.007 -0.61" -0.88" -0.07 -0.11 0.66" 0.09
PD 1.00 -0.61™ -0.88™ -0.07 -0.11 0.67" 0.10
LPI 1.00 0.62" -0.13 0.09 -0.90™ -0.31"

MPS 1.00 0.09 0.20 -0.70™ -0.21
MSI 1.00 0.86" 0.09 -0.23

MPFD 1.00 -0.05 -0.14

SHDI 1.00 0.45™

L area 1.00

"p<0.05; "p<0.01 ; NP : il ; PD : #RHASERE § LPI @ SR ASE S 0 MPS & SERi IS A/
MSI : SEEIZRIS R 5 MPFD ¢ ¢ B S SEEIR 42 5 SHDI © Shannon’s Hi S REVERSH 5 L area © SRR
AL -

EREBEE ARV MR T HEERIGE  BOMREE - b KA R ST R 45
NEHEYEM SRR AN IR . RGO SRS R A S s
BGETMR - EAVIRBUREMR RN SRS R R e 11 /2 A 0 { b 2 2
gouhn o SREBEBURZEN I BREE IREEBARIKE -

(2001)38 Fs N R HEE S E RNV E - S

It BRI RS It RR &R

HES ARSI ZERA > FHE R AR R

=

R AEER _O—=FF _+=EFUH 37



SHE - (5N > B - B

A B
- -
a0 - a -
= * . . .
& T s .
g 2 8 20 .
£
) o - ~ e =
* -
10 o P o -
o . 10 % . .
. .o Ll
1. . g 58
o P »
0 0 w0 150 200 0 P P o a
P o 50 100 150 200
D
C o Dw
o -
L) . a0 »
. .
= . S
g 1] ~ 8 20 -
=
~ & - - - & - e
.
. -
& . S T 2 10 3 - -
L b e s
a . ‘e . =
P ) . a
D, s a2t a®
> L i LPI % 5 a0 %a 0.7 14 2.1 2 a5
E E MPSha)
L] L]
- .
QO - L1 -
4 2*
g R g "
T a - Ea »
= =
-~ - ) .
- -
10 10 o
l ’o"'
.
‘ Ed .
o & B 2 e
000 02§ 050 0.5 100 125 oo 025 050 0.785 100 1.25 150 178 200
MPFD MSI
G
L1l
i d
O L3
. .
=
e .
8 a .
=
~ = ® .
.
0 "o
" g
LY * .
P
o - - S ®e . o

0o 0.4 0.8 0.8 12
SHDI

15

4. WS TR LR S E AL P2 B (A

et SRS TTH - DL 2009 FAYHRIE
BESUR 25 ~ RS R TS i = DRI R RS K
INERIN > BERHE SR BRI RE RS Y 1988 AREH
1997 4 - EIRTEEO T - HASRBUR =1
B RAE R By 2 5 iy #EEh > Hr DL 2009 47
HIEII AR E R R S - For 2009 SRR
TR AN EG A E I 5 {F Shannon’s 21k
MEFEE > SR BUR SR RSO 0 RSP 4R Y
gk -

i RGNS LR ERGEH
SIAREERAGED SRR AR SR GBI A
212 LREARE M - s RERSEER S EA
ZELBIZ AR - DI R e S = B &

38

58] > B R ARV IR B IEAHRE - oK HcBERE
ELBISE IR - SR AR A A 2 A
o HIRGEEES e RIRIREA H AR
= M Z W > SRGECE R AN -
AT I ] R it 52 $50 R T AR e 1 2 2 B
{EFFEESE IR S BHIALR -

B )

AT ANBEEEER TR AEE
BpR BN 788 - RE LR

5| FISCRR

R AESR _O—=FE _+=FFUH



R~ BUASE ~ BRI - 2007 - 32 T B
EIREEAR 25 - B R R
20:1-52 -

FPEAE - 2008 - A FHEEE AMRIEY) AT
ZRE-DIBRTHRRABEREGE R - B

UEEASE GRS AR EE A
PIERWTSERT R 5w S 0 95 H ©
BRAEER  JBARST ~ BOKAL ~ BREATI - 2011 - fif
Zeli 7 ERN R SR~ BALL -~ 1278
BRI 7 SR ERTERF R - 55
EREE 27:1-100 -
Bﬁéﬁﬂll SREFHE %E%E ° 1996 - iﬂﬁ%‘éﬁ f%

Zﬁﬂﬁ ° Eﬁq]j(ﬁ—l
18(2):98-112 -

BREAYI ~ BRIEEE ~ S3SFPE - 2001 « A Ry 1B
A REREE I S 7 R0 2 - MREEIHST
Z=7I| 23(2):25-34 ¢

PREAI ~ 5 EHE - 2003 - JE ﬁHLFSZ%%/ﬂJE’\%ET
BZ AERE S &R IE AR
Z BB - BT ERAEE filﬁ%ﬁ
fFZe 123 %8 > 105 & -

JEARGL ~ BORAR - BRIEER ~ BFEATI - 2009 - A
FREEARU - B BBE R AL
TR B ER S AR 2 528 - FE R
BARLELH 24:60-81 -

JEARET - 2008 - iz e 5 FERA R} B 2 87
GETERHRAL - B R R E R
ZHFEAThE a0 81 H ©

FFa ~ HEE - 2007 - mFRE 2RI TELE
i E 2 EHEBE S - PEMRERT
40(4):459-480 -

%Eﬂﬂﬁﬁﬂm%ﬂ

g

FAEREHR_O—=FF + =550

i
;{
St
D>

[ R B BLIR SR Z B (&

BT EIF A EEHEE - 2008 - 2B T EHFE A
97 FEAEH 0 41 H -

HETHE - BEf@ - 2006 - SPOT #EFGHNE
THERABERGEBARIMZEGH - 578

PRERIEE 21(2):167-177 -

Bailey S. 2007. Increasing connectivity in fragmented
landscapes: An investigation of evidence for
biodiversity gain in woodlands. Forest Ecology
and Management 238:7-23.

Cramer VA, RJ Hobbs and RJ Standish. 2008. What's
new about old fileds? Land abandonment and
ecosystem assembly. Trends in Ecology and
Evolution 23:104-112.

Duggin JA and CB Gentle. 1998. Experimental
evidence on the importance of disturbance
intensity for invasion of Lantana camara L. in
dry rainforest-open forest ecotones in
northeastern NSW, Australia. Forest Ecology and
Management 109(14):279-292.

Ewers RM and RK Didham. 2006. Confounding
factors in the detection of species responses to
habitat fragmentation. Biological Reviews
81:117-142.

Forman RTT and M Godron. 1986. Landscape
Ecology. John Wiley and Sons, NY. 620pp.

Hobbs R. 1997. Future landscapes and future of
landscape ecology. Landscape and Urban
Planning 37:1-9.

Jomaa I, Y Auda, BA Saleh, M Hamz, and S Safi.
2008. Landscape spatial dynamics over 38 years
under natural and anthropogenic pressures in
Mount Lebanon. Landscape and Urban Planning
87: 67-75.

Kitayama K and D Muellerdombois. 1995. Biological
invasion on an oceanic island mountain: Do alien
plant species have wider ecological ranges than
native species. Journal of Vegetation Science
6(5):667-674.

Song 1, SK Hong, HO Kim, B Byun and Y Gin. 2005.
The pattern of landscape patches and invasion of
naturalized plants in developed areas of urban
Seoul. Landscape and Urban Planning
70:205-219.

39



SHE - (5N > B - B

fifge 1. HREEETRAR

— ~ MR

(—) —feiFEE

1. iR aE % E (Number of Patches, NP)
NP =n; (1)
n =M% | PETH IR E -

2. RS 2% (Patchiness Density, PD)

PD:%xlo,OOOxlOO

)
=AY | ETE RS EE
A=JEHR TS
RS s B 100 ha 2~ B S EAVERIEAS4E 8=
3. KPR AaTEE (Largest Patch index, LPI)
m&@J
LPI= X x100 ®)
a=FAAY i HhES j {ERIRAS R
max (a )=470 i ook § i > R
A=JEH RIS
B %
& © 0<LPI<100 »
4. R Ea K /N(Mean Patch Size, MPS)
Mps = A, L1 (4)
N 10000
MPS>0; BEfir : m?/ha ;
A HREREGEIRE
N : EBEReEE -
(Z) iRMEFER
LEEiRFE 8 (Mean Shape Index, MSI)
- pij
g (e, ®
pi =R 1 TS j (EiEE 2 &
ni =S8 i ATA IR R E
min (py; )46 i cfuig j s R
B ¢ fE
& - MSI = 1 SRR -
2. R RS ST 4 (Mean Patch Fractal Dimension, MPFD)
n 0 2Inp;
s
MPFD = -2 Nln il ©)
1<MPFD <2 ;

Pij = —JEmRIE &
aij =F—JASRAR A ;
N=ix B e -

40 R AEER_O—=FE _+=EFUH



B TER A B S SEER ST AR ZF A

T MRS
Shannon’s Zx 14 F5%7(Shannon's Diversity Index , SHDI)

SHDlz—i(pixln b,) (@)
pi=FRL i hRTA SRR A S B
BRI ¢ bit s

& : SHDI = 0 fEfRHE] -

=t

FAEREHR_O—=FF + =550

41



