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Abstract

Land-use plays an important role in causing landscape and ecosystem changes.
This impact alters abiotic conditions and species composition which increases the
opportunities for species invasion and threatens biodiversity. I studied the land-use
and land-cover change over the past 30 years to test the hypothesis that previous
land-use has strongly influence on the invasion of Leucaena leucocephala in
Kenting National Park, southern Taiwan. Using remote sensing and GIS datasets, |
generated distribution maps of Leucaena in 1976, 1986, 1996, and 2007, sisal
plantation in 1976, road-effect factors, land management types, and topographic
factors. Data were analyzed by discriminant function analysis (DFA). The
distribution maps from 1976 to 2007 suggested that Leucaena widespreaded in the
western part of Kenting National Park and the invaded area increased exponentially.
Previous sisal plantation and disturbance due to road development were strongly
correlated with current Leucaena occurrence.n The whole-region DFA model had
72.2% classification accuracy (Wilks’s A=0.52, df=9, p<0.001). The eastern-region
DFA model performed better than the western-region or the whole-region ones.
Previous sisal plantation, proximity to roads, land management types, and elevation
were the major factors in determining the distribution of Leucaena. This study
supports the hypothesis that previous land-use has strong influence on the

distribution of invasive species.

Keywords: spatial distribution, invasive plant, Leucaena leucocephala, GIS, remote

sensing, landscape change, land-use history, discriminant analysis, scale effect
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- ERA TR TRFO R R A AL R R BB FRAAD L KRR RS

MEIms- S5l RREA RS DB FEL QH B R (Fig 8 A,
Table 2) ©

] 7 ### National Forest

LA KRk BEEZAEIRBR O RZHT HE BT RFSFP R
FoARE BT BRI E R R O FIRGE o Bl R W R RIR
1> & 7F +k¥ PIK 5 0(Fig. 8B) ©

d B RA BN B F R RPN R B R e e

EB 32408

i

Crr

FER - BFUIRAFEIHEFIEMNE 2522 - r%‘;q;&a HE
oS SR T - RO E B RO RREY PO RAERAS S 14 5%
EREH o HY > RTRAFOF L EFER P EERARL T4 0 BT &
HSE R 2 EART OAESRE S 25 1 (Fig. 80) -



2 & %73 48 Land ownership

RRpOFFERP 22 0948 oG8 55 (66.6%) 0 L& 5 HhFL
BB R B R BRI b RERRTY R AFE TR S
fLfd B0 (334%) (RH A 1983) o d 288 Tk SRS £ RS
P32 R 2 H BB FLFERINZFF 2 $213% 230 F %4 a5 &2
ATE &N - F (Fig. 9 tep §FF B AR DEAFFEHF 2 ERKE 0

¥ 25 %3 Topographic factors
FEAH B ESY S (FL IR B
/4 #¢ Elevation (m)

d f247 R 20 m x 20 m 2 & 8 F #HciE = A1) (Digital Terrain Model,
DTM) B~ & - @ B2 A3 R > i o8 (Fig. 10A) »

# & Slope (°)

HRF3d #iE 3804 5 AreGIS 7 & 4 52 Surface Analysis P~ % » ¥ >
AR CFIRBPZHBARFFZOIOSR T3 dk I TELE 5o LiRERP
#% o) (Fig. 10 B) o

# » Aspect (°)

oot BT d Beid B A0S ArcGIS B 4 4720 Surface Analysis B8 o
dE L - R %801 B{r360 R i B 5 1R ¥4 % k2ticekin (Fig
11 A) = F]pt iz 5 Chang et al. (2004) #-L v &3 5 5 ¥ ¥ % v (southness) &

o (westness) °
g% = 180 — | #w — 180]

RS o d e e clikE L 1800 Mo o A ehdciE 5 0 (Fig. 11 B)



G o= |180 — | B — 270]|

i o et d e s 180w e Kendic® 5 0(Fig. 11 C) - R EH R B
0R PlasdwicE 33599

% B p 4p B8 Spatial autocorrelation

SYRELEATOELD AP o BoEE - 2 - B4p 8 (second-order
neighbor) 48 ¢ 7 & # it 28> ¥4 5 =1t ] (Collingham et al., 2000) o &
* ERDAS IMAGINE 9.1 # 2% ArcGIS #i#8:- & @ & o

FRA 47

FEREEFIRB - RIFELATFZ AL RAT RE >R E

R E e <8 (Fig. 12) o
HLEEPFT R

d e iR B 1 ] 8 1976~ 1986 fr 1996 # 2. 4z BB 5 #1179 41 8 A T )
B (2Ap&E > AFAFTH ) BEEERERAS 5 0-25% ~ 25-50% ~ 50-75%%
75-100% 2 & o S4tPR R dp it BB Y o S AN E ARG EF R L 50% R B
WEF AL EAT o p 72 2003 #E & iR fe s 2005 # 1 7 & 2007 &
11127 2.8 +h 3 A 454 B @ (ground truth) » 4§ WiTH 2007 & 42 & e

AR -1

Wew BERHEFATERI BN FFREEAFRRE 1 3R

RO L ERALF Re FHPFREFRFAT -
B RE AT

T EE R 4L Eren T o



k=(n, —nb)x%XIOO%

(kaTo@pRES N soH- #RPEEEAS T RRE N 5E- RS

BL gt el TLER)

ERAHEL EAFHHETRFORL SRR AT (Fig 2)> ¥ Bk
TALL BRI A R RIS RN EAF o

BB A LEP O L ET AT PO EE R R E R (2
2007) o % 2 & 47/% (cross analysis) @ & = 424 Fr B 4 474 (Table3)» #
WaE R B (o)~ RRRZERSELZ R Y2 () 22 FEF R
(M) B R~ (M) Pietelic TE N EFHALEAFTRIF - plie T
414 gensg Bk i P % 5 Cherrill and MeClean (1995) 12 &) & 31

BB ELSF T 2 2 NS

2007 # 435 oA F £ 70,413 Bt MEHBEIE ¢ 10%% i folic B 4piT
2 A AT e 14259 B (7,129 BF A F 27130 BAAF ) o 0T 5t B
AEEF R A o RIE(T AR T 2 A R BE R TS BT RR
oK ALAFF 2007 ERLEFEA TG R TETE G HEELE > £i84
BRIA N 4T o F S AT e R E AR LI TR T i R

MR R TS el bk N0 1§ RS B A SR R
oo dto | AT Bk R G RF TR A SRS iR AT RO
AT e r Z R APK LET A B RSB ST iz o G R R B B D
ERM AR SRR (d>0.75, 1 Spearman rank correlation coefficient) %P~

R L

i % it g8 SAS 9.0 £2 SPSS 13.0 i {7 2| %] & 47 (discriminant functional
analysis) » ¥ 3 {7 & 4] | %] & 47 (canonical discriminant analysis) & 3z 7¢ /p| % #ic

m?}f%)i (Lee etal., 2006 ; #% > 2007 ) » &8 (v & 4] 2] w) i% Hoe@ HEh~ o
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Hlulde 4 g o FAREX B A E S DERE TGP RE
(training-and-testing) (#% > 2007 ) o ¥ *hAE8E B~ 2007 £ 10%7F 42 & o *
R B R APIT2 AL T et > £ 14274 Bt (7,127 B 4 F 0 7,147 B
Foa ) TTLRRER A 0 R RIE R 0 $ % Sensitivity ~ Specificity
FERE I Fr 5 (correct rate) ¥ TSS (true skill statistic) 3% (Allouche et al.,
2000) > #c i 3t & ik 3 confusion matrix (Table 4) > & 3 F %3 A % & 58 4 4
LG A2 el (TP)~F%F A% LHNAM L A4 2 gtdic (FN) 9
AL T NS LG AT el (FP) ME AL T 2N SH G
It 2 gl (TN) > 25540

. TP
Sensitivity = ——
TP + FN

TN
Specificity = ———
P y TN + FP

TN + TP
Correct rate =
TN + FN + TP +/FP

TSS = Sensitivity + Specificity -1

TSS /i1 2 12 » FHE ]300 & 7 PN FER2e s S0 AEE -

MRLT FELTE

ERERAEEL ELSFRET RNFOFAS 20 REATE (Fig 2) & R eRYE
#s 167,409 B > L F A S 251,962 B > A wld R d % 11,062 B (5,503 @
FAF 5559 BAAE) L TH 3,197 Bt (1,626 B A~ F > 1,571 B AL
F) oA EEEER TS F F)F R AR EE LT A iR A Y
SEERT R 11,131 Bt (5582 B F A F 55549 BAAH ) ~ L F 3,143 B
Pt (1,545 @ F A% 21,598 BAA T ) % KRS FRHNEME - BLd 4 F

TR B AL BT E SR ET R o

11



#irp Flicd B (resampling) i 40 m x 40 m Fe % AL RS BRI TR
Hofh FFEEE RN fr20mx20m it BV E AR % o F A u AT
S5 P RER AALET L Pl R R L 80mx 80 m o M EER o AFT
TRAERI160m x 160m > & % B2 48 Foa T e A L3 AT BA
HAEEr o H Y 540 m x 40 m etk s et il 103,454 B > 2007 E 428
Joa T 16,978 1 e 2 B4k 3,345 B 4 10( 1,659 B F A4 F 01,686 B A A F);
80 m x 80 m et & xi2 e ft B i 25855 B 2007 £ 418 g T 4271 B
B £B5 866 Bt (429 B F ~F > 437 B A A F ) ;160 m x 160 m 445 %
o gt m el 6485 B 0 2007 & 4L FoA o 1,081 Bt o d At HoR
N Fe e PR B S 30% 0 £ Boik 564 Bt (284 B A4 F 0280 AL E ) S

VRIS EP IR EP PR R UKRRIE S RZ B ERR o

SRR N LA REEE TN KRG A BRI R S F P K R R
FRFAAEF I 20mx20m Rk 2 el AR £ 277 2% (Nielsen et al.,

2008) -
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ik
*#=

L2020 N 3]

#1976 ~ 1986 ~ 1996 £2 2007 & 2 414 g * WA (Fig. 13,Fig. 14) £ 43
20m > 20m 45k koo 418 For Ew fd 21.5ha 3 3 2816.5 ha (Table 5) » H# ¥
fhdpir R Fig 15 R MR F2FEG & KEFFFH T
WEEF ORI BR HFEAP LT R LD b 1996-2007 & [ 4o 5
e o At R f dre & 25.3% (Table 6) -

1976-1986 ~ 1986-1996 22 1996-2007 & Py crgF i » = f ¢ 12.5 ha 3 3
830.4ha> #7» G ff7°d 202.4ha T 1,986.2ha > I3tk o 2 ek ik L 2
W kAR R G A R]325 5 100 ha (Fig. 16, Table 7) - 428 BB %07 %5 &
1996-2007 & BB > 94.8% G E o 4 e 11 #5 FF L P » &2 n 4 F
1996-2007 p* PEEp T %5 % 52% > Aior 1996 £ 2 1L B R F AR R 2 AR S S

Hos % igcnt )@ AT G (Table 7) ¢
BT RERE LT FF
RS Lk

W2 AR EFNA AT B G RE RRED 5 3428 S
HAE A RpA SRS REEA T M RADERSF (O test, df=1,
p<0.001, Fig. 17 A) -

FRPEY S REELT Hhe B ERITERIEREENRE (Welch’s t-test,
df=8290.5, p<0.001, Fig. 17 E, Table 8) ; s+ # » & ¢ 3 B ig 2 45 %2 7
2R 24BN ERBAEERF S B N RFTEFRIG 3,673
Baefe BB F AN S KA FPA T3 BEED 5 B (2 test, df=3,
p<0.001, Fig. 17 B) -
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INI Y PRONG A PEERAER TSR] F R 28 F 0 T2
%3 9393 Baf iAo B3 H 3483 Baf o HeLEn 4 HEOM
BB RAARFRE DL T G h e B ()2 test, df=3, p<0.001, Fig. 17 C) ;
T PR T E RN G F B 4926 B BRFIFF B AL A E D
Wl F A (2 test, df=1, p<0.001, Fig. 17 D) «

HREF S 2B aim Mz (Welch’s t-test, df=10946.6, p<0.001, Fig. 18
A, Table 8) s MR Z e T S 5 BT EEKBEFH AT ET=E (Welch’s t-test,
df=14086.3, p<0.001, Fig. 18 B, Table 8); &L w3t 4k & ¥ 3 16 L34 B & 3 » szt
TOREE S A F w3k e d 28 a (southness: Welch’s t-test, df=14225.5,
p<0.001, Fig. 18 C, Table 8; westness: t-test, df=14241, p<0.001, Fig. 18 D, Table 8)-

AR AR FHEFFZ AT I G EREFLR N L e A T
F M RS BT BERE R R AR R N R R B E R R M
FREPEMBER BRI EZ T8 pE B2 R o

T L5
2] 2 4

5B AR FIETS (HREA R B R B RS B
B335 48) 2 4B+ 53 (BHR-HEEHG T ~aw) %r 2470
F13 ARG APM M5 (15 > 0.75) A5 4 (Table 10) @ S f58 o % 2 2%
FlF o REFFAFERG AT RS AL L TPFFI AL T S PELR
(Wilks’s 2=0.77, df=9, p<0.001) o 3§ Jj- 4% f& il 28 1t 2 3] 2 ] G B $iE 5 0.49 >
Flulrndk oo BRITERIEREE ARG o R 2 RiEHETF 029 Ry d
FIF BN A A BERTE OSSR T RIERE - AR S
Bal ~300m RN B TR AE S 2 BT ARG IR FIE EER
RHEEL GG awZ R EEAH (Tablel2)e % » 2 B p AP (7 A 45
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§ RS B SRR @ % g f(Wilks’s A=0.12, df=4, p<0.001) » & * 4 & 7]
FoSHLEAPY AR B I BT R 2T P AR iR )
Flu|hid 1.000 Br R EEAT T F M ERLEE AT 2 Rk
FHEEN 005 2T o R r P AN GFEREBRRENRELF TS T a
24 (Table 12) « #55N BAE R cnf Pl % ¢ > BRI AR5 5 72.2% TSS & % 0.44 ;
ArZ AR NG A ERE N B AR X S/ (Table 15) ©

WRLT REEE
AT RRPA F T g 2 R

THREAFRZEREAFTFT P EHFLAIE R AP g idey 162
FEAP AP AEE e A TG RE AL (2 test, df=l,
p<0.001, Fig. 20 A) ~ £ #.iT:g B jE#E® (Welch’s t-test, df=7771.9, p<0.001, Fig.
20 E, Table 9) ~ if B& 1 425 e (2 test, df=3, p<0.001, Fig. 20 B) ~ & 72" Fl ¢
1@t R X (x2 test, df=3, p<0.001, Fig. 20 C) ~ 2 # #75 4 & # F (y2 test, df=1,
p<0.001, Fig. 20 D)¥ i< ;% 3% (Welch’s t-test, df=10195.1, p<0.001, Fig. 21 A, Table
9) ~ # & #&4_ (Welch’s t-test, df=10907.5, p<0.001, Fig. 21 B, Table 9)% & & w .
% 2. ¥ ¥ (southness: Welch’s t-test, df=11027.4, p<0.001, Fig. 21 C, Table 9;
westness: t-test, df=11044, p<0.001, Fig. 21 D, Table 9) ; & % 41 & g~ # “f 7O
B AEI¥2 %1 (Welch’s t-test, df=2622.6, p<0.001, Fig. 23 B, Table 9)+ H 44 #
e a a8 v (Fig. 22, Fig. 23, Table 9) -

TEREATFROLLF SHEFZFTIF A MBS (S >0.75) aiFaE 2
(Table 11)c & ¥ &3 2| W B30 £ @ % o 4540 ~ i BLFEAE ~ B 7 B¢ Rt
BBl u st gE 4B 5 FRFF2 AR HE HedwBan i 4pr
F1+ (Wilks’s A=0.77, df=8, p<0.001) ; Tf 4% 45 cif 2 i &L 4] 2| w] 2 i 0.57 > 2
Wk Boih o BITE BLEEAE BB 2 0 BN GEGHE T 033 (Table

13) e K HBedB B A WEN @ * 25 9 BFF > ¢ 455 P~ i BRIEYE - F R
IR RFOFEEERE I E TR ARCHAEERG T o g v (Wilks’s
A=0.52, df=9, p<0.001) ; /% Fcerif i it & A 2] 6] HHF $E 5 042 5 2] 82c% &

15



o FIRS B E R AR Fr 2 (Table13) o 'l & % & > F 532
FEF T REDFHNBES Y BRARRLEELF T P RA ZHE P
SERBTERE AR A AT AR RN P ZERRASER 2
(Table 12, Table 13) c A » 2 AP p ARBEE T 447 > 77 R > 0 ® & N % 5] W HiC
;AT * en¥] 3 (western region: Wilks’s A=0.12, df=4, p<0.001; eastern region:
Wilks’s 2=0.10, df=5, p<0.001) ; & % #3% ¢ 2 & p 4p B cfi2f it oL A 2 5] (2 fesd
1.00> L % 77 0.95 3283 RN B p 4p il > @ (7 H A F) S a2k &35 »
TR TR ARG R TS Bl R R AN s W 52013 #-0.15 0 A
PO RG4S ErenA iy *?E‘)*k (Table 13) o ¥ & B A ¥ 2| &) fi03S 2 8 5x
Bod RHAEMImESL T15%TSS 5 0435 @ K RN R w5
83.6% > TSS & 5 0.68 > B-m K ® i >t ou 4 3= 1% 2 Fp 5 "L cpLBL R4 & B
el SRS R TR ARM S BB ORI S S SRS
(Table 15) -

REBEBEL BRS

yem e FEF @ 3 o4k F AR L A B2 RA G 0 TSS 5 048 &
32T A 1720 0.44 (Table 15)e% &4 4F 5 if & & ;a_‘rvgg;gjs a5 g’u}-ﬁ % (false
positives) » AR 5 M F 2 I 2 HH AT E 2B ERE > EF 2R IF
THE FPHERBELFR L 29298 ha» S A F N A BRB AT FR RS 3
(Fig. 19); #-% & A % &£ W E* A FH S > “TEBELFRE S 3,6359ha> 2 4 # =
EAERERAPT R A R BAERS S 24151 hao P Y 2 RS
2. 1,335.1 ha (Fig. 19 B, Fig. 24)

TR AR
A0mx40m FH G2 BAY > B F e 6 L4 EAR IR T

% T AREEALAFTE AL TR AER F LR (ttest, df=3337,
p=0.226)> # 4 F)F '+ 2 kg% £ B |+ (Fig. 25, Fig. 26, Table 8); 80 m x 80 m 4 %
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g FZ 160 m x 160 m He2 % ko7 & 4ot (Fig. 27, Fig. 28, Fig. 29, Fig. 30, Table
B)o xR RZREFMw A% BHY 20 m x 20 m R IAEFTLEXHE
(Table 8)

40m>x40m ¥ A ~80mx80m K A% 160m x 160 m R 4 st
PR TR SHEEZFSIFAGAAMES (S > 075 A5 4 (Table
10) > 40m x 40 m e % g B B HN v * A1 8 B FF 0 & 4RI A
ERIER s F R R RO R EEERA 2 E AR ARG e
#  (Wilks’s A=0.76, df=8, p<0.001); 80 m x 80 m et i S % Y| u N £ & * 7
BFF o R~ F @ g A F] 3 (Wilks’s A=0.74, df=7, p<0.001) ; 160 m x 160 m
PR AARSHBHENERY S BFF AR NI B EERE T
(Wilks’s A=0.76, df=5, p<0.001)- % = & ¢ 20m x 20 m i&;b?c % 3 160 m x 160 m
BE o HP AL TR FS R 0 @ R A E S P e 2 R e ik B AL
G%kMﬁﬁﬁé%ﬁﬁ&iﬂwﬁﬂﬁ’%ﬁﬂngWﬁﬁﬁﬁﬁﬁkﬁ
AR o f BERdE N a ik 2 (Table 14) o F iRl & B 2] W] RO 2 A
B e ket Bk 3 160 m X 160 m » WV B rr B T '8 (Table 15) 0 % /2

PLABE T A T MR TR WS 22 ek R R R 73 160 m < 160 m
P M2 FEN R B EER T I % oo

HEA R BHFAH

SRR 20m x 20 m ek bz B 2 KBRS R B RO A LR ah4RE EA
F o2 40m*x40m >80 m x 80 m ¥ 160 m x 160 m 342 % ko2 B3k % 5 R
ROEFER Gl A o BN R A Kk S0 P AT (Table 15) > 2 % 160 m
160 m He 4 & SLB~4% 1% 5 R BI#R A PF 3 Sensitivity "% i > Specificity = B 3R % o
Fozoo RIEEM A R R R ME R 2 SRR ARG RS A
oo 20mx20m R A2 BFEIFLHRPERA - 40mx40m ¥ 80 m x 80 m
Bett R AL  FIRIHGN L s k3B E P R T M 0 2T 160 m o x 160 m Rk S5t
B > Sensitivity 2= F f& Specificity T % I 60.1% > ¥R E R L2 sk T F
(Table 15) -
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AT LR 1976-2007 £ F 0 4L o Fo A AR B E o 2 S A F R
RpoFle L300 2o 47 8557408 BT B2 H » Beho Oy
oo d PRAL R AL SR R 6 kR B PR o S L E e A 0
W2 R R P REE G E A ERGIZIA G TR L

)
FHAI AR B RS F LR FL AT A L TR B A F]S

\

)4

ZREERE ARSI AL A REGAR T RE 2R AP AR
B FAEARTE  FRRRA SFF L BE Hfr 2 WG TAR T HEE A
P B BB E N w2k R A TS b ATk | Emﬁ*ﬁf‘%wﬁ%
MG T RS HEEE THGRA RS F T F 2 PIR A ek
i°”T$P%%%¢éﬂ€ﬁﬁi%ﬁ‘4§4%E%%ﬂ4%ﬁ€ﬁﬁﬁﬁ
PE RN BEERE T~ Ad FE 2 FH2IVRCR B i ¥ B RaE- 3

0oEEALE e AT R IR B R R R R dp i BERCSS o dp et
WA EE W G RF A BRI S 0 F L RAGE F AL P S B
(Losdale, 1993; Perrins et al., 1993; PySek and Prach, 1993; Higgins and Richardson,
1996) 5 e 2007 & » B o ff > **4p BB TR E 0 BT EFPFATT AL B e
¥om%E (2003) EEXTR T RNFOFIP = a7 " £ 3.96 has 3 3 19921994
1996 £ 1998 £ 2 AL il # o 5 = =0 b RH e > Fla J8PI4LE EOT R F D

>‘Iﬂ'

ARG RABAFE NI EBI R OB §RAFYT 2L o d BT o
AR ROELRBERFOEDHIOE RO B EREE BN G AL
Bl ReE BN M B S L R TR RS T AR
#Fg st o F e B G oskehiy # 1 {v% (Pauchard and Shea, 2006)

fagﬁ%%ﬁ"’ﬁ}]!%ﬁ—’EX]’;‘»\;}E}EJ’L%%;’{EQ E&ftgx?v)‘
PR (lagtime) > & g b+ ¥ it 42 L & 2B K RE Y (PySek and Hulme,

R il
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2005; Theoharides and Dukes, 2007) o & A4 $82_ & =L 4 f& HE T thdp < & > 18 (7

SLE AR 5% o e 414 BB 1996-2007 & B 3 4eind A ¢ 0 AR K dr e

E%S%’%ﬁﬁﬁﬁ&%aﬁé%ﬁﬁﬁag’MMmam4NM)ﬁm@g
REA R EEE SN REY 0 E R~ IS F 3 Rig (disturbance

corridors) ¥ sc X H_1T 5 Rz AT o

RGEHA P55 BEEIM B2 £ > Zow ﬁu:@gf”wt T
1996-2007 4 & F 5 @ i f 2 fEAk Ak 5 H B B RSB AR EAF S o 2
Foma L pEHp T O o R 4R (invasion process) ¥ 0 ‘b R{ES A ATEE € G
TR - HEE ¥d 4 4 R4 > S 4p5 (colonization) 7 ¥ 24 & X F|* i
AR R A B2 BT T AR E AP AL A EEL A AR Y TR
g4 F R4 o] (Mack, 2000; Theoharides and Dukes, 2007) = 7 % » ¢k & {& 4

%1E > 2% ¥ (establishment) » 2 p TR 2 5% » = 4 K/%j;‘gf,gjr;, s g B e B

LIRS

4 £ i > 53 i ¢ (Theoharides and Dukes, 2007) 2 % 3+ % & 72> [
Fxfs o B FlE PN L E 2 g @ Bl s Eod £ ook s (3 02003) -

$LE EY 300 A2 w5l iB 1T L G fesfl s ﬁ‘ 30 & d 33 B ) A g S
EERpFpREE 2 BIAEHF | RENAFTHEA I F [ &0 Hxk
(landscape spread) I H = X » EZenF 3 o 1g = 37~ Enn ﬁﬁ‘a’»&n cBL R Eh

FRRBREHT BT RRe Flavisdd g -2 2 IRk BRiEAR
LA ERAE AT HAL A B
EFRIEET

Baudry (1991) % & 2 # # ¥ (land abandonment) 3 * ¥ % # % 5 7 %
- N 25 TN A S L © . Hﬁﬂn’%’*ﬁ?%‘lﬁ'—_’ BAIEEFTP RIFR BB
BB ZFEREULER DL B D R EE B2 AR AL Y Tk
SRR E S B ARABOFTY R AT () NEF IR T RIC
Vi B4 ehR A AL S (2) BB AT T AR & R i R IRAR S 82 0
BRAYEAM Q) BY AEE Y LAk B R LB RA AR P RES D
» Bk GoAE Rk s ehse 4 324 F15 (Cramer et al., 2008) o AFT 7 ¢ 2 o B
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P AUFTE » RIS Z FE R RAEY ~ A Y AT R D)

PR BB MR LA B STRS LHR I RLP R LA S B
Vi enitdd 5o et T BE Y E
i F RS L s B s %o foin i PR
3R ABAE A L E R o ¥ 3 A i B A2 (Hu, 2002)¢ &
SR BB 174 o AR~ B R (S ALIE r”ﬂ“@—%ﬁ%yiétiﬁ'léx%%@%fr;yﬁ
ﬁ_;ﬁfﬁl%w-" Beood BT v BRI A PR R ATB R o BRI 5B
Flo Bfepkis - 1983 # 5% ;ﬁ;‘y%,htg,;;gﬂ E4™ Rk B (0 2003)
1”6§%%W§***§ﬂiﬁﬁﬁ—%’i LR § 3R
PR REBEBER R AT RA KL RAF 4 L BB A M (Fig. 31)
(3% 1997) v Eiiiia @0 = Fakietks (Sluiter and de Jong,
2007) o H prFHE#H IR S ARG Freha B E Tk £00 20m x 20 m Bk Sz

i

i

o

s

=1

&

ey

N Fid

; =
F

W

i

4*- #m
%.

)y L

Fl Gl ¢ L H Bk Bsg T 0 TR L H B iR R T RN s B
Lo FFIES R AARER AR R 0 R E R 2 AP § LI 0
B 2 3 g 07 3 (Gonzélez-Iturbe et al., 2002; Colén and Lugo, 2006) 5 2. {5 2 Jr
no R R R RO BRELE O RN RS S HFOLY

P

FRT TR kA g AR F g P kB I BB R
BT R TR L A E S r 2 & 5% (Gelbard
and Belnap, 2003; Coffin, 2007) - 4.2 & (2000) i& {7 SPOT f#k B i 5 B~ 1%
2003 #E 4L E AT o FIA T o ff AT FCEEL Se @ BB D 0 RS R
200-400 m e F B 0 3 FEAEIE EL 2,000 m 2 b ek R © E 4L E ECEHE o 2007

EREFAF B ERIFPEEOES > d 20m x 20 m 1 4 ,&‘LB’»fi*ﬁ 1L B
b e 1 T 30 B EEAE G 169.6£169.0 m 0 BB EEHE S 1,500 m = + o Forman
(1999) 4p 3% ¥ B1J i & 483 > BB b Jed dhr ¥ Ef pEdt 1,000 m 12
FoowrR il ERGE AR B v F i 200-1,000 m iR o pt vt o i BLEEAE A 20 m x 20
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m ek SR BRI P o TR R WA R T R fRAT R ] R
da o AR RAFREN  BEF ST EERE  LERPEER
(road-effect zone) == | iP4L » ZiEA2E B AR A a T VoS 3w
Y B R PAEHNREERORERELFE 3

(Forman and Deblinger, 2000; Rice et al., 2004; Coffin, 2007) °

APETHAR T RN RS R EE e s 730 RFERBASNIET
1 e B o & BRGE = SR B EAA T DI IR 2000 E3 B 2 E & W E
2 osau Rilgan FEBRE  LEELESRME (4L 2007) 9 F (cogon grass,
Imperata cylindrica) ** 60 & S % 2,51 » B2 E > @ 50 F 4 F 1 AR
T80 FERYH 0 FTERRIZRrBE IR LI R RGN AR RLEY
A 822 Gainesville (Willard et al., 1990) o B&38 % 3 » &/ & A F 847 i & 35
() $RAE~BEAYHL LS BEREF MBS RS 5EFE ()
BEFEF RARAEERIEREMen B0 R BEAL A LR E Q) R A
* B4 o d B N 3R #E PB4 (Flory and Clay, 2006) o F]pt » 4 F# 2k #F k48
Por B2 FERG REFHE Y "F»/:ﬂ LR E R AT L BT
1A e BARITIE B F80E e T B 3 5 ™M (Gelbard and Belnap,
2003) «

E¥En

ROR RO FE L BT T4 DX 4L LEEDE A B AR FE A AR
T ® G AR KPR R B 0 4o % B Canyonlands B Re B 0 F k4
8% % & (Bromustectorum) * % B X F 3B ALE BRI AEF > Vg AR (F
5 P MEE en$ I (Agropyon desertorum) B i ¢ A AR RREZ — o gt vh o
VRRAFZ G REFHTI Y s e PSR - BERERRT
M ~ X X % (Gelbard and Belnap, 2003) » p* BL¥7 27 R 2 Fl&g i o

PSR A P SR /»\#%%MW SEEELRE-BLN S Y R i
TRARK o BRR AR RS T E B alR 2 2 B IREE o AR R3F R (R

519925 1996) ° T AL FIE o ApEE A S F I 2 S it o B
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42 E (2006) 522003 & SPOT firk B i s e b Bn EFoff 7 4 F
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FoEFESF o AFTY 2007 E LA F e MAREE 0 FAE EA T
RIIDEHF R S 6055460 m - B 4445 360 m = % o %348V B A IR
Bt —dm3 & 2 100m F 8T % 0.6°C; B BT FlEE 24°C
AR Y 520m o = F T a0 945 Anthofer et al. (1997) # F42 & B e
AERFFEAGRCOEFLANR S T ARENRT AR FIREELS T
R TR RTHEES T REPN ANREERIERET AP c B R AR
TOAARR o MAHIBB AL P en A AT BT AER S R P BRI
¢ (Baskent, 1999; Hobbs, 2000) ; 27 B RO Bl M4 %88 < 305 4 LS Hap %
- EFI T AH300m 0 RS A EGE R (L2 F 20065 F 2
4 0 2007) 0 FRARIE LT REFA T AR BREFRETEE BT Flag
FEmi M-

Kuo (2003) 27 ¢h 50 "2 L2 3F TR he2 416 BT 1A > R G M0 818
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LA o H BN AL FAFRER AT RF L B &

B 2 4LE Bt 0 S £ 23 m (Kuo, 2003) -
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GEA N TR AIMESTE A BB LN E R TR AR R RS
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fFE NG EFOREFF R T L (qualitative) & i fA R F ik
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Fig. 7  Patterns of road-effect factors used in this study, including (A) proximity to
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Fig. 12 Flow chart of data analysis: (A) spatial-temporal distribution change of L.
leucocephala, (B) hypothesis testing and building habitat classification model, (C)
comparison of western and eastern regions with the whole region, and (D)

investigating scale effect.
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Fig. 14 Distribution of L. leucot:e hI la in Hen%ohun pemnsula in 2007, based on
2003 color orthophoto 1nterpretat10n and field work m, 2005 and 2007.
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Fig. 15 The time-course of the increase of'L. leucocephala. A is the area of the
invasion, and 7'is the time in years after 1976 (7'= 0). The equation of the regression
lineis: 4 = 30.72¢"'" (r=10.98, p <0.05).
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Fig. 16 Landscape change of L. leucocephala invasion from 1976 to 2007. The
three classes of horizontal axis mean not changing (Invasion last), declining (Losses),
and increasing (Gains) in area of L. leucocephala invasion between two successive
years.
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Fig. 17 Comparison of human disturbance factors with absence and presence of L.
leucocephala: (A) previous sisal plantation, (B) road engineering, (C) strictness of
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Fig. 19 (A) Classification results of the whole-region DFA model, and (B)
predictive map of future potential area of L. leucocephala invasion based on the
whole-region DFA model.
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Fig. 24 (A) Classification results of two sub-region DFA models, and (B) predictive
map of future potential area of invasion by L. leucocephala based on the two
sub-region DFA models.
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Table 1 Road construction and maintenance schedule in Hengchun peninsula
between 1981 and 2007.
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Table 2 Terrestrial land management class in Kenting National Park.
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Table 3  Structure of cross comparison table for change analysis between years a and

b. n; is the number of grids.

Year a
Cover of L. leucocephala presence absence
Year b presence n, Ny,
absence N, n

00
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Table 4 A confusion matrix for predictive model. TP = true positives; FN = false

negatives; FP = false positives; TN = true negatives.

Actual
presence absence
Predicted presence TP FP
absence FN TN
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Table 5 Area of L. leucocephala presence at Kenting National Park from 1976 to

2007.
Year
Region 1976 1986 1996 2007
Wholeregion
Number of grids 538 5372 21889 70413
Total area (ha) 21.5 214.9 875.6 2816.5
Western region
Number of grids 509 5005 18538 54778
Total area (ha) 20.4 200.2 741.5 2191.1
Eastern region
Number of grids 29 367 3351 15635
Total area (ha) 1.2 14.7 134.0 625.4
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Table 8 Characteristics of human disturbance and topographic variables at various spatial scales.

Variables Kenting National Park Area where L.leucocephala  Area where no cover of p
found L.leucocephala
Mean SD Mean SD Mean SD
20mx 20m n=14259 n=7129 n=7130
Human disturbance
Proximity to roads (m) ~ 328.8 462.3 169.6 169.0 488.0 590.1
Topography
Elevation (m) 84.8 72.7 60.5 46.0 109.1 85.3
Slope (°) 9.8 8.1 9.5 7.7 10.2 8.5
Southness (°) 97.9 48.7 100.4 479 95.5 49.4
Westness (°) 93.5 54.7 98.7 54.6 88.2 54.3
40mx 40m n=3345 n=1659 n=1686
Human disturbance
Proximity to roads (m)  338.4 480.0 178.3 173.7 496.0 614.4
Topography
Elevation (m) 84.4 71.5 60.3 45.1 108.0 83.8
Slope (°) 10.2 8.3 9.7 7.7 10.7 8.8
Southness (°) 98.2 48.4 99.2 483 97.2 48.5
Westness (°) 93.6 54.8 100.5 542 86.9 54.5
80mx 80m n=866 n=429 n=437
Human disturbance
Proximity to roads (m)  340.5 474.1 171.0 163.6 506.9 603.1
Topography
Elevation (m) 89.3 76.4 63.0 48.6 115.1 88.9
Slope (°) 10.1 g0 95 6.7 10.8 7.7 ”
Southness (°) 98.6 39.6 99.0 39.6 98.3 39.6
Westness (°) 95.8 49.4 100.0 49.7 91.7 48.9 i
160 mx 160 m n=564 n=284 n=280
Human disturbance
Proximity to roads (m)  376.6 502.8 192.7 190.2 563.2 635.6
Topography
Elevation (m) 93.8 77.4 62.0 45.6 122.9 91.0
Slope (°) 10.8 6.9 9.2 55 12.4 7.8
Southness (°) 97.2 37.3 99.1 38.4 95.3 36.1
Westness (°) 90.9 41.8 95.5 40.8 86.2 42.4 **

T p<0.001, 7 p<0.01, "

: p<0.05
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Table 9 Characteristics of human disturbance and topographic variables at the 20 m spatial scale
for the western and eastern regions at Kenting National Park.

Variables Kenting National Park Area where L.leucocephala  Area where no cover of p
found L.leucocephala
Mean SD Mean SD Mean SD
Western region n=11062 n=5503 n=5559
Human disturbance
Proximity to roads (m)  254.3 287.5 168.7 160.2 339.1 353.0
Topography
Elevation (m) 74.6 57.8 60.3 46.8 88.9 63.9
Slope (°) 9.0 7.6 9.6 8.0 8.4 72
Southness (°) 98.4 48.0 100.6 46.8 96.2 49.1
Westness (°) 94.6 55.2 100.4 55.2 88.8 54.6
Eastern region n=3197 n=1626 n=1571
Human disturbance
Proximity to roads (m)  586.5 762.7 172.5 195.7 1014.9 885.1
Topography
Elevation (m) 120.1 101.9 61.4 429 180.8 109.5
Slope (°) 12.7 9.0 9,0 6.2 16.5 9.9
Southness (°) 96.4 51.0 99.6 51.2 93.0 50.5
Westness (°) 89.6 529 92.8 522 86.4 53.4
*: p<0.001
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Table 10 Spearman rank correlation coefficients for variables need to examine the distribution

pattern in Kenting National Park. No correlation is strong (r& > 0.75).

Proximity to Road Strictness of Private land
Variables Elevation Slope Southness  Westness
roads engineering  management ownership

gridsize=20mx 20m
Previous sisal plantation -0.05" 0.06" -0.14" 0.16" -0.20" -0.03" 0.00 0.01
Proximity to roads -0.42" 0.29” -0.25" 0.44" 0.37" -0.03"” -0.07"
Road engineering -0.14™ 0217 037" -0.13" 0.11" 021"
Strictness of management -0.32" 0.12" 0.13” 0.01 0.01
Private land ownership -0.29™ -0.30” 0.03™ 0.06"
Elevation 0.47" 0.00 -0.08™
Slope 0.02" 0.117
Southness 0.02"

grid size=40mx 40 m
Previous sisal plantation -0.06" 0.06™ -0.15" 0.18" -0.22" -0.03" - 0.03
Proximity to roads -0.417 0.34"™ -0.26™ 0.43" 037" - -0.08"
Road engineering -0.15" 0.23" -0.36" -0.12" - 0.19”
Strictness of management 0317 0.15" 0.13" - 0.01
Private land ownership -0.317 -0.30" - 0.07”
Elevation 047" - -0.09™
Slope - 0.14”

grid size=80mx 80 m
Previous sisal plantation -0.07" 0.05 -0.10™ 0.12" -0.23" -0.07" - -0.00
Proximity to roads -0.47" 031" £0.22" 0.49” 0.41" - -0.09”
Road engineering -0.14™ 0.20"" -0.37" -0.19" - 0.17"
Strictness of management -0.26" 0.12" 0.16" - 0.00
Private land ownership -0.29™ -0.32" - 0.07"
Elevation 0.50" - -0.09"
Slope - 0.16"

grid size =160 mx 160 m
Previous sisal plantation -0.07 -0.02 -0.217 0.14" -0.22" -0.11" - 0.01
Proximity to roads -0.45" 0.39™ -0.317 0.50™ 0.50" - -0.11"
Road engineering -0.18" 0.29" -0.35" -0.22" - 0.24"
Strictness of management -0.40™ 0.32" 036" - -0.04
Private land ownership -0.29" -0.40” - 0.02
Elevation 0.61" - -0.07
Slope - 0.06

Correlation is significant at the 0.01 level (2-tailed).

Correlation is significant at the 0.05 level (2-tailed).
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Table 11 Spearman rank correlation coefficients for variables need to examine the pattern at

western and eastern regions in Kenting National Park. No correlation is strong (rs> > 0.75).

Proximity to Road Strictness of Private land
Variables Elevation Slope Southness Westness
roads engineering management ownership

Western region
Previous sisal plantation -0.02" 0.07" -0.10" 0.17" -0.16" 0.02" -0.00 0.00
Proximity to roads -0.38" 0.17" -0.20" 0.38" 0.33" -0.01 -0.05™
Road engineering -0.04™ 0.15” -0.39" -0.07" 0.11" 0.22"
Strictness of management -0.25" -0.06™ 0.01 0.02" 0.10”
Private land ownership -0.24” -0.24™ 0.03™ 0.02"
Elevation 0.41™ 0.00 -0.12"
Slope 0.05” 0.15"
Southness 0.04™

Eastern region
Previous sisal plantation -0.06™ -0.06™ -0.17" -0.00 -0.24" -0.08" -0.04" -0.01
Proximity to roads -0.53" 0.56" -0.38" 0.59" 0.44" -0.14” -0.10"
Road engineering -0.39” 0.40" -0.33" -0.33" 0.09” 0.17"
Strictness of management -0.477" 0.51" 041" -0.01 021"
Private land ownership -0.38" -0.44" 0.02 0.20"
Elevation 0.57" 0.01 0.03
Slope -0.06™ 0.02
Southness i -0.02

Correlation is significant at the 0.01 level (2-tailed).

Correlation is significant at the 0.05 level (2-tailed).
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Table 15 Summary of classification results for all combination of discriminant

function models.

Model Sensitivity ~ Specificity ~ Correct rate

(%) (%) (%) e
20 m without autocorrelation term 74.5 70.0 72.2 0.44
20 m with autocorrelation term 95.7 98.0 96.8 0.94
20 m at western region 70.1 72.9 71.5 0.43
20 m at western region with autocorrelation term 96.2 97.6 96.9 0.94
20 m at eastern region 93.0 74.5 83.6 0.68
20 m at eastern region with autocorrelation term 95.9 99.4 97.6 0.95
20 m at western and eastern regions validated separately 75.1 73.3 74.2 0.48
20 m without autocorrelation term validated with 40 m data 73.8 68.5 71.2 0.42
20 m without autocorrelation term validated with 80 m data 74.4 68.7 71.5 0.43
20 m without autocorrelation term validated with 160 m data 69.0 73.6 71.3 0.43
40 m without autocorrelation term 70.8 70.1 70.5 0.41
40 m without autocorrelation term validated with 20 m data 69.2 71.6 70.4 0.41
80 m without autocorrelation term 66.4 74.1 70.3 0.41
80 m without autocorrelation term validated with 20 m data ' 66.1 74.2 70.2 0.40
160 m without autocorrelation term 74.7 63.6 69.2 0.38
160 m without autocorrelation term validated with'20 m data 77.4 60.1 68.7 0.37
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Fig. 1  (A) Distribution of L. leucocephala, and patterns of all human disturbance and
topographic factors at 40 m x 40 m spatial scale: (B) previous sisal plantation, (C) proximity to
roads, (D) road engineering, (E) strictness of management, (F) land ownership, (G) elevation, (H)
slope, (I) southness, and (J) westness.
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Fig.2  (A) Distribution of L. leucocephala, and patterns of all human disturbance and
topographic factors at 80 m x 80 m spatial scale: (B) previous sisal plantation, (C) proximity to
roads, (D) road engineering, (E) strictness of management, (F) land ownership, (G) elevation, (H)
slope, (I) southness, and (J) westness.
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Fig. 3 (A) Distribution of L. leucocephala, and patterns of all human disturbance and
topographic factors at 160 m x 160 m spatial scale: (B) previous sisal plantation, (C) proximity to
roads, (D) road engineering, (E) strictness of management, (F) land ownership, (G) elevation, (H)

slope, (I) southness, and (J) westness.
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