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EXRE

Conserving landscape connectivity is important to ameliorate the adverse effects, e.g.,
loss of genetic diversity and limited gene flow, caused by habitat fragmentation. Using
population genetics to assess connectivity is useful for conservation planning. Population
genetic structure, however, may not precisely reflect current but historical connectivity.
Therefore, we need information on the landscape change to adequately address the
relationship of genetic structure and connectivity. To understand the effects of landscape
change on connectivity and population genetic structure, we study the landscape genetics of
Niviventer coninga and landscape change in Sanyi Township, Miaoli County.

To reveal the pattern and process of landscape change in Sanyi, we analyzed the land
cover map derived from the historical maps of 1904, 1977, and aerial photo images of 2001.
Forest drastically increased between 1904 and 1977 and increased a bit between 1977 and
2001. Reforestation, due to the plantation of Acacia confusa for fuel wood and Aleurites
montana for extracting seed oil, largely increased forest connectivity between 1904 and 2001.
Forest connectivity, however, could be reduced by the development of heavy traffic road
system and dense building along road system in between 1977 and 2001.

To reveal the spatial genetic structure of N. coninga, we used 172 loci of amplified
fragment length polymorphic DNA to quantify individual genetic variation. Analysis of
molecular variance indicated weak differentiation between region and among sites.
Assignment test also showed limited gene flow between region and among sites.  Spatial
correlograms illustrated a gradient of within-site genetic structure and a implicit step gradient
of whole region genetic structure.  Significant (p < 0.05) genetic boundaries detected by
Wombling method and overlaid with the land cover maps of 1904, 1977, and 2001 suggested
that recent development of high traffic road system and areas of dense building may decrease
the gene flow among sites.

Combining genetic estimates of dispersal with least-cost path (LCP) modeling helps to
correlate indirect measures of gene flow with functional connectivity. Applicability of LCP
modeling, however, is reduced if knowledge of dispersal is lacking. Therefore, we
integrated habitat suitability (HS) modeling into LCP analysis to avoid the subjectivity
common in LCP analyses lacking knowledge of dispersal. We used presence-only data and
ecological niche factor analysis to model HS for N. coninga. We adapted the resultant HS
map for incorporation into LCP analyses. Slightly increasing Mantel correlations indicated

that genetic distances were better explained by LCP distance estimated from class-weighted



HS map than by geographical distance alone.

Such an integral study of landscape change, landscape genetics, and incorporating HS
modeling into LCP analysis can more objectively evaluate landscape connectivity and
generate information on distribution of suitable habitat, on potential routes of dispersal, and

for placement of corridors.

Keywords: ENFA, gene flow, GIS, habitat suitability modeling, landscape change, landscape
connectivity, Miaoli County, Niviventer coninga, population genetic structure, Sanyi

Township
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americana (Broquet et al. 2006) ~ = desert bighorn sheep Ovis canadensis (Epps et al.

2007) c iz ATy ¢ > 1 GISH g NS BHAEER TR A Rr R ErA L
TR AR ANREOT AT RIS LR R T N RETEERE (McCoy &
Johnston 2001; Adriaensen et al. 2003; Verbeylen et al. 2003); @ ¢t 5 d LCP J&ip| e iv g5

FEHE . T AT OE P B AR R R AOAR IR EEAL ) 7T TR R AR R 0 1S B

10



WA SEF i DR 198 QPP FERgap i v MK AT AT &
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ZAAEFRFTT RBOERI LS LZA TS T AT BB 2001 E ik B EF K 60%
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SEEZ BE R YRS ES SRR AP R 2001 E = KB R DD S
PN BREORA T AR RS FHESBAIER B RERE LY AT o
EE FH S RFF BHRFRRE TARMEE (RRH RN L) RFER A TARRD
FIRH 1520 2 % 2l - B o WA R (R 285 H 17xF 14 28 ) 0 Rk Pt g
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SEBEZ AP FF R RBOuEAL APEY 1904 SHBEFRC AFETRSEY S
PIE ) 1977 E 5 - kAR Y ARB(P AR E Y o BT B
=)~ f"" 2001 # & S0 (Hear b B Az Bl E 1) Z I ok B R G 1P T

BB BT AL B o kYR Z B K B 2:’25;:’5‘:;% P AP RATT R e B
A HRE AR EE R CFFRFCZAT - PR - FER.F 16
B(F 1) B T GRY HE Y e B e R Tl S A B e
#-%¢ 3] Bl(land cover map) 7 & £ ¥ 3% (vector) » 7 PR FHER S ) F 20m o F
* maximum combined area ¥ ;N R RP]) > LTI FE FREBLS (B 2) -

34 @ ia4r

ARG R E RS B R A R BT B A o a A g R R R S AN
(amplified fragment length polymorphism, AFLP) DNA #5 -4 7 > o {| &5 £ &
BEFIFEEEHE EFNUNRIE R GETETF 2407 AP Rk
PORVAITREDFPRINGFADEBEE > TP AFT R RS H T S
¥ %‘iﬁﬂfrﬁ FREROH G THHINREFFT ~FH AL E2HE 134 T8
R AWARREHEI TR B EML - 7 e T B adT 0 Tl (8
e @;/»\ﬁﬁ-“,f Wa etk & > B Ascs 131 £ 1& -

3.4.1 DNA /%5~

# i g * MasterPure Complete DNA Purification (Epicentre Biotechnologies) &7 i
AP~ B DNA ; Az e A %k & 2+ (UV/Vis Spectrophotometer SSP-3000, Infinigen
Biotechnology Inc.) B ¥_DNA =k B » 12 A260/A280 sk sk B b (B 4517 1.8 krxin®
i DNA # & eh 8 > & {8 » % DNA /E)iﬁrﬁi 50ng/ L BisFairid o

3.42 AFLP » +7
3421 DNA i  fris & F

i ik g5 Vos et al. (1995) 4= Berres (2002) 7 AFLP (amplified fragment length
polymorphism) DNA § 2% = ;% » i * EcoRI/Msel {r EcoRI/Taqa I (New England Biolabs
Inc.) = fa'L4|f% 2% (restriction enzymes) £ & i it DNA o & EcoRI/Msel i it & ¢ >
8uL =g b=k * 7 5 EcoRI~ Msel @ &% % & 5Sunits fv 1 % (1X) NEBuffer 2 (New

14



England Biolabs Inc., USA) » & 2uL ¢7DNA % 37°C F B 3/ P > £ 12 65°C it* 10
Mg T SR RE iAo & EcoRU/Taq l i f* £ g ® » 11 3ul ehig e (3 ¢ 4
3 EcoRI %% 5 units - 1X NEBuffer 3 (New England Biolabs Inc.)) » £2 2uL 7 DNA &
37°C F 3 [ B L 11 65°C 5% 10 Adh» 8 bR enF Rl F RRHRF
g 5pl eni (2 ¢ 2 3 Taq"l % Sunits ~ IX NEBuffer 3 §= 1X BSA (New England
Biolabs Inc.)) . 65°C & & 3 [ pF > £ 12 80°C iv#* 10 » 48> ¥ 2 ik s o
H# & F J(ligation)® »& — it F iR g 10pL crdx & F B R (2 ¢ 75 200 units &
DNA ligase (New England Biolabs Inc.) ~ 37.5 pmole #p %+ /&> 3 fa W4 fe et B 71| i
=+ (adaptor) = 1X T4 DNA ligase reaction buffer) & 16°C # R [k " B (74 & F & - &
F 18 e e 1R F KA 2 100ul o %97 1E (pre-selective) PCR i * o

3422 3 PCR F

12 SuL fFfR 15 ed & F i de » 20pL cEE PCR F R &% (2 ¢ 73 0.5uL of
deionized formamide ~ 1X PCR buffer (z 2 mM MgSQOy) ~ 0.5uL dNTP (10 mM each, New
England Biolabs Inc.) ~ 7.5 pmole EcoRI 5! % ~7.5 pmole Msel (& Taq")3! + > 4= 1.25 units
Taq DNA polymerase (New England Biolabs Inc.)) » :&{75fi& PCR * J& - g PCR F J&
L* 44513 2 & (E-A/M-G ~ E-A/M-C ~ E-A/T-G ~ E-A/T-C) ¢ F &R R 15 & 5 B4~
MT2°C K 2 »48 0 ¥ 11 94°C~50 %) > 56°C ~ 1 » 48> 72°C ~ 2 A 4a ik 20 iE
20 =X PRI K J 0 M A E R PCR & % 0% DNA ik & o B 18 > 12 SuL 38 PCR
Ad LR AR D OSuL HE &4 PCR @ * o

3423 EH# M PCR F &
72 SUL FF3E PCR A 4 cffff ik 4v » 20uL g 44 PCR & it £ (2 ¢ 4 3

0.5 ¢ L deionized formamide ~ 1X PCR buffer (z 2 mM MgS04), 1 L of ANTP (10 mM
each, New England Biolabs Inc.) ~ 5 pmole i¥ #% |+ EcoRI 5!+ ~25 pmole £ # + Msel (&
Taqal)3!+ ~4v 1.25 units Taqg DNA polymerase) » 1% #% 4 EcoRI 51+ 15" #4121 6-FAM

2 NED (Applied Biosystems) & f& 4 £~ + & ke ; #75 EH PR EREprd sy F &
(polymerase chain reaction, PCR) #7i# * 1513 3512 § »ci 4p & 47 & (high performance
liquid chromatography, HPLC) it o £ i * 12 @£ M5l F e &2 (7 AFLP & 47 (%
Do FEEBRERE > B4 94°CF 1 ~ 480 &F 12 94°C~ 50 §) > 65-57°C ~2 » 45 »
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72°C ~ 2 A &aePgk £ R R IRTRCLIR R R(F R A AR 1°C) 0 217 9 Tk
F R £ 12 94°C ~ 50 ) > 56°C ~ 2 a4 0 72°C ~ 2 A 4B A3k %0 1817 20 X ATRF &
Bofs o 0 T72°C~ 10 A 4B £ F Ji 0 MBSt P BLang - o

343 AT A7

EHPHEREPFRE F KA S 1 ABI 3100 Genetic Analyzer 22 GS500 ROX
DNA 4 &+ # #2 & (Applied Biosystems)i& {7 £ g T 4 A 47 ; 4 GeneScan (Applied
Biosystems){z £ DNA % B e k255 5 12 GeneMapper 4.0 (Applied Biosystems) é i% %
A4 DNA B B & 8- FoR e 5 0 27 1 ek 714 454 (genotype matrix) ° 5 Fx3% AFLP
AFRPL RN > AP A WI-W3 e El-E4 & BH# %Y T2 PE 2 B B4 DNA (X 14
B R AT 2L PAFLP 447 0 S H3 X AFA L ek o LR
L 86% (12/14)r2 } e AFLP A Fl& 4 5 g » 325 #13 g & F A chd| 17 5
(band frequency) > 7% B 95%:s% Mt 5% e FI R o B 0 R EE D 172 B § AR
FlA (£ 2) B @sfrier o

344 » 3 %> & 47 (analysis of molecular variance, AMOVA)

ARz AR FREORA T A MEBFL T L REN TR B S
sk gk s 2L @ GenAlEx 6 (Peakall & Smouse 2006):E {7 4 + % = 4 $7(analysis of
molecular variance, AMOVA) » 3+ & A et R 28 ~ BB P ok T R | B IR E £ -
SRS A EFFBEBLRE > AT % GenAlEx 6 (Peakall & Smouse 2006)3* 5 =
6 F B chid @ 4 i 45 8(Phipr, Qpr) e AMOVA o @pr c8F ¥ 123212 9999 permutations
bz o iHhEHFRRFTIRBPEBA LR PR FN o AP0 ttest B H BN S H
BREFOp e B {Ht % F Opr £ & g ¥ 42 -

3.4.5 & «tg E_ (assignment test)
e R T R B AT R - EE P T T E R F I T HEY R
L& % (Bayesian assignment test) K3E G S EH AT T R F B &5 A F L apRkR
(Pritchard et al. 2000; Corander & Marttinen 2006; Gompert et al. 2006; Riley et al. 2006) °
d %" AMOVA fo& 3 4 1 dp o Jp L 3 Bend| 2 %8 L 247 8 = S84 457 2 91F

prarEE s MR L L DM ADTEE S B ¢ 70 E AT A s R
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TR L AEE 2 2L L EEHI - R F RO A A TR AR o

# 9 * Structure 2.2 (Falush et al. 2007):8 {7 & % o & 7 iF 2 73k TAcT ¢
50,000 burnins ~ 500,000 Markov Chain Monte Carlo (MCMC) simulations ~ using admixture
model ~ inferring alpha ~ using individual alpha for each population » H &% % &K & ;
37 v i @ % § fi(true number of genetic clusters, K) & 1-7; # & K & M 4p e 038 2>
TAFE 50 & FArefe 3t K @& > 2  (& B8 Evanno et al. (2005)507 j# 32 5 ¥+ B
K i log likelihood 7% it F(AK) > £ 7 &8 AK *f#+eahKE > FEiFT RE? F

HrEE o

34.6 BRI g BEEse
2§ ¢ * GenAlEx(Peakall & Smouse 2006)3:* & & & 48 & i @ pEdp > 325 o 1
5 D=Ny/N Ny 53 GaEEF nfFas? N 55rf DA FLEE -

34.7 7 & p 4p B &~ 157 (spatial autocorrelation analysis)

ZREAAPM AT AR A UERFFIPN 5 3 BHEFOF B L LT TR
ETy A A BRSO BAp T ioE o T - B B (AFADLT 2T R
e B4 A7hE B (Manel etal. 2003) © Z B EHREP SR - BREFFS B R
RRT O PREE G B s B R A - 2 i * GenAlEx 6 (Peakall & Smouse 2006)
BEARFANERFET REAS BZEF Rz B p e 4 47 0 £ 12 9999 permutations
tese LHEH R sop M GEDEFME AR TP IR AN ST 0 TS EHRE N LIE
PEoFFPN DI HBBIERTHEI S 2 F I RPN ZERE B0 HTIL 0 A

Brt g B &SRR TR £ B AR UM e £ SRR SN ik ke -

3.4.8 i3 B# R 4 (detection of genetic boundary)

ARBIFE R P AT Fl BRI A A P Bl agin o om e B RS Bl
A= ¥ A B e @ :F 7 (genetic boundary) - # 7 & * Wombling method #-§1] & i £8
SR TR S A g B Y Op £ 3 B (interpolate)®) = B 88 Ak FIAE 5 g 1 il R B
(systemic function map) > 2 & JL {1 BUZL FIHE S B 14 eh? % frsg & 0 £ 12 binomial test
BRI A TR FH R 1 ek F A2 i @ R o0k ¥ 14 (Crida & Manel 2007) -
Wombling 4 47 % #ck 24T ¢ o~ f3247 =50 m » bandwidth (h) = 600 m - candidate
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boundary (pB) =0.1 - i# % & % -k % (alpha) = 0.05 -

3.5 §] &4 if F 4 (habitat suitability) i3\ euE =
Ps SR B AR AL ol S A 6 R P R o B o
R *& (Taylor et al. 2006, Baguette & Van Dyck 2007) » F]p#* » & if & M4 5 (OF
At R BREE AT e AT O GHEE £ & oA P 273 7 HE T R
RF A E B BT o 2 2 ] Senthst 3 IR TTRIE L R R

A X IR Bl R B 1 B P & o

351 fl&A G FH

aH e rﬂMmﬁW§’EWM;@sﬁﬁﬁHEWMﬁéﬂ@ﬁ%%Aﬂ\a’%
HAGE 20 2 AN FHE GG TIRAROTE > LR (1,257 T3 2 %) g
%muw%)ﬂﬁ@?ﬁmfiﬂum?vm%#@-cﬁW%&‘“ﬁ*m® )
B E 4 5 o 347 (pixel size) 5 10 2 % ez A 5% (binary grid) B & o {1 B IR R
FLil BHL%EFL 0

352 i 2 b i v BN SRS TS

LR DRGSR A PR 2R TS (L 2)F - BT R D
o f249305 10 2 ¢ (FURfrh 8 funton 1245) o & 158 FF5 5 % & 1 SPOTS ik 3
(o fair 5 102 ¢ »2005# 10 7 16 p ~2006# 3 7 30 p 4p4 > ¢ & % % 215
BIFE ¢ RIR) * R BT R DT IY 182 4p 8 (normalized difference
vegetation index, NDVI) « 3 & ~ 3w Bl & o hirh B Suirde B anlic @ F 428073 (digital
elevation model, DEM)5 i £ (inverse distance weight):- & @ 17 <77 7 % 3 2001 & 2 3
F1* @R * K E EIF EEYE F] S (4o distance to forest ~ distance to bamboo plantation... %
OFFEYRF]F)o R FH P EF LA T F 9 IEE F+ Bl A 12 Box-Cox transformation
(Hirzel et al. 2002):& {7 Tkl s 4% » HLw F|F & * L 3 {3(square root) i 4% ; Z # i 5 0

d1 30>+ distance to forest F|+ ¥ o @ ¥3% F]F 4 0.5 @ (T (E 2) -

3.53 ¥ w s
e ¢ % BioMapper (Hirzel et al. 2006b) ® 14 ik & i %] % 4 17 (ecological niche
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factor analysis, ENFA; Hirzel et al. 2002){r k-fold cross validation & = ¥ 27/ 7 F 3 7

| B el i B RS o A4 B g A > ENFA (2B 118 % 14 %] (marginality
factor)fr4F it & F]+ (specialization factors)!? & it b 3% 4 48 11 IR BE TR 3 43 i #F
BT HERB F ML R (Hirzel etal. 2002) o 2% B 8 & P24 A0 e BRIk 5k R
T IDE AR RE R IROTHE2 L B (Hirzel etal. 2002) 5 41 & (24§
% X% R o tolerance) B & pr 135 fE ISR B R A T 0k "L (Hirzel et al. 2002) o

b i v B A S P T SEEgE (geometric mean distance; Hirzel & Arlettaz

2003; Hirzel et al. 2006b) 3% @ 7 o Z S EF F v N 07 5 R > (I RAODRFTH
"R A8 4 fie (zero randomness) #]4 5 10 & 4 (partitions) i& {7 k-fold cross validation
(Hirzel et al. 2006a) ° #-5% 1 % ¥ 14 continuous Boyce index fe3g iBl/Hp ¥ v &
(predicted/expected ratio, P/E) ¥+ & t& 4 if & 2. & 5 (P/E curve) it {7 3 ; continuous
Boyce index & 4~ #& 11 S0 P/E {rigd i§ ¥ (2 [ e Spearman ¥ % 4p B % #c (Hirzel et al.
2006a) ; & P/E & A i 7 M8 4o @ M4 (B 2) 0 PIBE T % 5N 2 5 243 adf
#lic +  (Hirzel et al. 2006a) -

36 i ¢ BUMEICHIERL AT

BARRIAL R B0 T BB RRATE (0 A BT AN R F B b & A T (least-cost path,
LCP)A 177 & B8 A crfgiv Bis » #3575 LCP B S e o3 o BRI o §
R B LCP B3 T 2 ArcView 3.2 (Environmental System Research Institute,
ESRI){r PathMatrix script (Ray 2005):- 5 @ 8 o AF7 % ? & B2 6 B 72 F izl = & F
K (Coat 1- Cost 2) % 4t fz B ¥ FF ¥ it 4 (% B /S crpEdg o Cost 1 BIA Bk #7F # 40584 (4
Hefozb gtk ) 3 BEQ R adei > Fla 75 s @355 1 Cost2 B * » & -
B fh oA A e R AL 101 2 3% g ik LR E (R 12~ B 13b) - %A o F
AR RS B ERELG TN AP R AR R 2 E PRI
Al e kR F f—mfg P/E & S i@ f e f v HiE £A7H 4 5 "B B
T 5o it & IRBSY hE F 3 L (Hirzel et al. 2006a) © Cost 3-5 B & A_¥4E 3§ 7 23]
BE2A4BEL LEBYLT I R A o Cost3BE T A 54555 1510
<HS<25~ % 2% :25<HS<50- % 3% :50<HS<75- % 4% :75<HS<100) >
L5 s wSF 1000 ~ 100 ~ 10 ~ 1 93 A 4c 42 (8 12 ~ B 13c¢) - Hirzel et al. (2006a):E
U P/E=14cP/E & 87 It Bhia 5 314 3 % s (B 12) - 714 > Cost4 F
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e o2 idEs (%15 :0<HS<16~% 2% :16<HS<38-% 3 % :38<HS<60-
% 425160 <HS<100)> & % %A H 43 1000~100~10~ 1 a0 & e fE(F 12~ F 13d) -
A A PER R AT SR N PR I TR ka2 e G Y F s Y A
£ D P AR T A e G B Lo A CostS o 6 5 B Kk Hesk L3 41 arbks i
S {UEECH  f CostS BIA ¥ (B 12~ Wl 13¢) » 23 4 7 2(HS) > 16 Bl & &4 5
1> iy @ HMHS) <16 A= & 4cH 5 10005 % Cost6 BA ¢ - F ks & ff
1 Zhdedken® A4 5 1000 o

37 ATy B RS R APH

AHRHFTVNEAFRM LT L B ER DT> X * GenAlEx (Pekall &
Smouse 2006a) ¥ 7 Mantel test (9,999 randomizations) & 5% @ = i 48 & e & pedp el o
6 5 p 2R ¥ 4% o0 LCP JERAE "L chp B 13 o

o~ B REw

41 = &% % thp ¢ BEREH P e

AP A BFH R BB R $ 0 G A T Bfe R G 2
(& w223 £40 134 8) > 8o | F ARG RL L FF BB DP L B4 B
B2 8406 &(F 3) Bom R B ] S EEY B RIS o HR LY RS
PoAkE ¢ anff ETR(I IR A A TR SRS ke ¢ B S B T g s A
P RFEERERD Jaﬁ@‘%?ﬁﬁ‘gﬂﬁ% DR P AL A 0 AR R i
B fIRBIR 24 0w B2 & RARE R AL TR OARR R O A
Mo ad o BRAEREIef B EE > AP R AL BTN RGERE g
PLEL(E2 ' 7h) » B A 04 SUEP TR il Js 4 i $HE i PRSI R A
LHREFIDIDAGOTREAFPR D AR MBS IFA GO LT BE LR
PHRBEEE-HAFE OV RERFMREr ZE AT LR o BB E LR F T

l—’!’Hﬁ‘ﬁF"’P"‘f ‘%‘F"}'L"Jlgu H.F\.x°
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42 B3 % # 1904-2001 & e § iR

Bl 3 A5 1 A7 5 ® 4 1904 ~ 1977 402001 & = i pEEP 3 ALAE 3] enA (5 R iR © 1904 &
i FEXEEZ L HEHRES PRI HOTE 1977 Eoe e S REY
MHEHRRERL  EHERRLEF DR g;ﬁzéﬁeﬁg%c ;2001 & e B
Al R -3
DR E) BRI AT ENLLT R LE BRI RAE LK TS R o

m
FR8
|2
Spr
—
T
o
pay

B kg 3B NE g A(F 8

B 4 37 A7 7 % 5 1904-2001 & = LA & ff 1 c0ABS 1 1904-1977 & /> Ftk
B A < Mg e () 3400 2 FH 4 3 6100 2 F)01977-2001 & B> Fetho 4 0] g 4 (9
6100 = "E# 4 3 6500 2 F) ; ¥ Hed ﬁs‘ﬁﬁ%%@i@g’ﬁ » 1904 & 20 248 5 1977 & 4
225 2F 22001 & % 690 2F 5 i o Af B ELE E L B0 0 1904 & 5 5500 2 F 0 1977
£ %) 1200 2+ 2 2001 # 5 670 25 5 B ¥ G f & 1904 # X 560 25 0 1977 £ 3 1 5
1100 2+ » 2001 £ = &3 570 25 ; FH & FEER " @ % Fa & 1904-1977 &
BFod 03 3 890 2 » 19772001 £ » # 5 1020 2 F s 24 F 1 £ %32 n g

Bo(- Bgp)fod 4B o F R VR 2 BER o R Rg) o AR
1977-2001 & FF }-i¢ 3 4c o

£ 47377 A7 R 4 1904-1977 47 1977-2001 & ¥ 3 455 3| f 3 e ff fof 4
Lo 1904-1977 4 1977-2001 & B » F+h B E o 4o > 2 B Bk p 0@ £ L ey
Motk s FEAS S ELI AR S FFCFFEA R I AN A 4
1904-1977 4= 1977-2001 # B » & 3 4554 c4p 3 @3k R P12 (F > 4 & E &4k
FIE R ER AR L E BT AT REEMY = itk AR R T
TR EBIFEREBERECEGOPRY: T0E30E) @2ETAF B2 2
FAOpRE Rt o FRMARAOEETT RS B b LR B Rr § R B hERY
- HR* WP REF BF B AFRD R R EL F 7 kR B
WHFOR o R EE a7 KA o 2B BRI ok B2 SRR R TR
CEARBE it R T FREFSBEAEF A fri B oEF £

3
it
o+
|
=h
—h
i}
|+
o
=
5=
3
hal
e
=
b
P
==
S
ol
il
¥
-
hpas)
|
~=\
5=
had
bt
A
F]
it
o
R

Bl S BT 7 %5 1904-1977 4o 1977-2001 & R R ) & chz B8 10 > 843 ) 1R
WE BRI BEFE TV UARARES N R G DE - R X R vR- g
itk (B 6) e M OB TA7F B3P m etk B F 1 &8 £k p 31 1904-1977 & [ 3 4c e
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e o B 5 1904 E A 5D 4 etk o B3Rt G 1977-2001 £ R e iitkis o e
B LN B PR R IR < £ 0 1904-1977 47 1977-2001 & #p F ek
FEARE FFRRL A LG T PR OR P RBRGFHE Y 0 @ 1904
ﬁu@ﬁﬁﬁﬁ%’3§ﬁ&ﬁﬂﬁ%ﬁﬁ%ﬁﬁ%’§$$%ﬁ Wrafrir i * 23
®ipidtho R EE L R B B KR AR N 8 > L IGE HRE P BT A
MG A GTHE B REAE AR LA W S D n’z;]%f%k%aTﬁﬁ’é: k&~
55X PRAME oy HEEmd mEmHdeiEe o p 1904 #4532
FEtRE o A ARG W A S EF DL E P R R E o SRR
ki LFE G Z A RAS SRR o RE 0 BT Fi- HTRA AT AR
doB BB EMG R R BRI AHRREA S BER L LR
E R AT R 1 E R B LA 19772001 £ P B

AL R

FLRBPOEHRRERARR S LA TPF R AR A B R frd R R F 1970
B B e 3 1970 8 2B L R B A G R A kR R
04 B g T ARG B s S B R MOT T A B A S 2t L Rl £ R

BB T 4 BB (T AT e A0 TR TR o

<

R hs BT BA G F AR ORT 435 5 B IF T TR AL LS
BAOAPHPEE D RA > TSP ORTAL O FREES A URFIOT i F RO 1904
—E§§‘ _l_’?_:l_ m*##" A,\ l,rlw o L ) ‘E-Q?ﬁ*-ﬁ?{}%"kr*#f’ rTJ/,,\ l/l"” ) E]J ;EB&%’F" B /‘;Cl N %ﬁ‘;

# 3 19703iF§ﬁ7F§]:§ Vi FH S A4 o

43 PIRATEHG BB HER A TR
AMOMA 13 & (4 A7 » BEAAFT T Tk el B @ 5 124 304 5 A0 T

PR g BEARA A HEBRfRBN R RN kel A (P=
0.0001) > & $H % ¥ ciifl 1§ 4 1 37 dic(Phipr, Opr)328F % < 5+ (P <0.05); § 7 B M E &
PR A @0 g el R T S SUBMLIM T 5 SR 0 Dpr £
FHNBRBF O E(t=-2778,P=0.012) PR T 'EZ Fa v F BEhg 2 in
R A PR R AR H AT > A TR R B

A SRR 0 K=2F  AK bt » mTE L RP G 5 BEH L

S RARA D A CRHGY A A RE L FEA S JRE DD F o HA A G
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WI-W3 a8 > # A 513 5 Boe ks 1 4 G304 % E2 fo B4 enfl &> #4513~ 5
om0 e Bl % (IR B AR FIAIBe R 10k S i e AT AR R 2
vt B3 S E3 R TR B A FIAR] SRR HE 2(RI8A) - B KRR P 1T IR
BAG A R F A LT I(R 8B)  Bim R T TN AFIAART D - RO TR L) F
B® B A TG U oL~ F A Fid ¢ f] BB 8 oA B4 B 8 T 15
8C) A A ~ T RETIOMAFYARGFLLE >4 TP F AL~ 7 RBFDLFR
nF e o

HEPOZFpAAMATY (B 9A) {IRALFERE %ahp iph ZHcI5k F <30
R0 2 pARRE ABcE AR S B 4o R B LR F RO R AR R
FRMI000m)ns B AT BB PR ALRFAS > BUF LD
B RATEEMLBO A R > XA AR BY AP TOBHET A G PR o BARL - T T
Bt R enZ A AP M A 17(H 9B)¢ o 1 & & 100-1000 m EE&E % schp 4p B (s
%%*%O’Eéﬁﬁﬁ&&m%&%i&ﬁhmmﬁmkﬁ’+1%MWMm&$§
B AR B IO 3 BEE A TR L2 00 A 0 1 4000-8000 m FEALE Bochp 4 B %
FIORE L0 PR F PO AT FR(S8000m)ihy B ¢ R T > i By
7 B b &IPS BN H R %1 (step gradient) > B T FATF R ¢ (IR BT OiEH
1500-3000 m e B P > 7 it i F 4 el @ FR B (genetic gap) ©

Wombling method 3+ 5 177 3 ® i ¢ {184 G # FIP A FHEF chy F %1 F
(systemic function map > [ 10a) » & §] &4 fﬁ%[ﬁP\ R FHESF a7 ez B 3
Az R (F Peibrk ¢ 42) > BINTHBATFPREFE R % RG R Z(F ik )
Vi A FHE S H g T > 7 T A F i 8 7 42 (genetic boundary) © Binomial test
FEn 1 i @ R AR enkg F (P <0.05)f0 5 fF i+ % (boundaries map B 10b) o % 3 = ig
B @R AR F]o A PR 10b 22 190421977 47 2001 £ chpe g3 R £ B(R 1)
FERDPEDE B ST EALH 75 B F AR 0 A PRE 1904 £ B A& Y
;‘E%’q‘r%%?} A AT RN R S FF R A T HTIESTEF B
PR 1977 Ea F Y 0 BARRE SRR A0 A ST RN AR S R B
50 B ORI AEY s g End g @
R Bl BRI T3 1 R ade i 5

s

F R e RS RS RF R PEAT - L EH IR > 2001 £ R S iE

S AR R LRt ES L

2001 &£ chp B P B B AR LB OB S

F_L

BoRE 5% g Y 1977 & 0w g Bk GOH G P T AR R S ) 0 B
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v

ﬁﬁiza%‘§@§Hﬁ?(ﬂé¢ﬂﬂi?b~&%®ﬁ@ﬂ? CRe BRI A LR
BHAE R iz R) 0 b =t IR Vg (eI LR -l SR VR Fert)
B a gt E FRmOEEEd e acnri s Rippo A PFRAE SRR
758 X 3T (1977 # {8 B R B P BHV L HiRg -

FLEEME BT E > AR K
Foo BT B PR F] R T A A B F il B m g
FIW A2 1977 Eo0is e BRBRFAPM L F o et e B i Bk Aol
FTOoOHEHWA T REFNRAFI DRSS F R 4 1
FI* A ® P PIRAF] PR o

Rl AR B 1 il B4 LR

SR U AL =83 B0 e gl

4.4 PRy i F

Z &¥F R EA g% M (total marginality) {7 % & (tolerance) 4 %
0.745 §¢ 0.279 (BRLE B A5 LA il 8 1 B 5 0-1) - 65 3 ¥ B4 G B0
ENFA #1i5Bechid 4 B 525 @ @ 5 g4 4 B 5|5 f2 80 Fp 1 R4 e 12 R 5 7

:’

+ 87%:niy % o g% 4 ¥]3 (marninality factor) % % 1 B %5 > f28 7 60%%% 5 7]
F e ¥ R I HREEYE (-0.315) ~ T P HREESE (0.414) ~ ARG - BEHE (0.301) ~ T2
AP IEAE (0.442) ~ T % FUERE (0.472) 08B FI 4 fit BB (£ 9) 243
B %)+ 5 # 1 B F]F (specialization factors) » f&f# 7 27%% B F1+ ¥ R 5 3 FikiE
A (-0.494,-0.628) ~ I Ak F & EEAE (0.514,-0.465) ~ 3 Z A R (-0.477)~ I 7 HREE
4t (-0389) ~ I -KIBEEAE (0.38) 0 A FT 123 RAPEE IR KRG
(0.37) ~ I % FliEdt (-0.315) ~ T 3 NDVI (-0.728) $304 1t & 5|3 3 4 i+ s (4

éub)

9) - Continuous Boyce index (window size =20) % 0.888 +0.168 ; P/E “gt&4 if 7 1 & IR
3T dp B 4 (W] 12)

d ENFA #7{% 77+ 4 #ic (factor score) 4p 1 » 1] &g § KL B 2 BE D
FHREE (% 9); P FAH A FE B SN (0745 ME LA (0.279) 0 BT i
SRR B RF RIS PEHEL MR R DAtk H IR E E A0 L IER
(Wu&Yu2000) % g B Z 43N EER ez B e BahE & s 75
SR B e
RET RETIRS 2as L RGBS 4§ JI0 TR 26 Eerliah o ki)

i R A B RIS B R DR R AR (B 13) 4 kR

(Chang-Chien 1989; Chang 1991; Tsai 1997) - F] & {1 & ¢ {4~

=1
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Wﬁﬂ’iﬁﬁﬁﬁﬁﬁﬁﬁﬁéiﬁf,%%W“’%Tmﬁiﬁiﬁhﬁm
#3320 B p atH(gap) IR ehk B T AL G % R AuB R o FIt o AR SR B R 2
Q%Zﬁa?ﬁmxéwfﬂﬁ%{%ﬁmq%tﬂ%ﬂ LR G TR £ 0 Fla

TOHCFCEPY AR N IReNTER] 4 o BE AR AR 2 iR g w BN A BT

Bz [ & ehjicies %1+ o continuous Boyce index v P/E & 435851 2 H:N 5 pr 1 A7 §

WY NREE AT ARDRER 2 B E G B ARADIERIE

F & # S ENFA $920 Bt p 3030 2 465 2 cOiiplit 4 > F i F &8 hr R A=
FRCRF RAF SRS AR S MR RRY F1F o AT M RFA R ZRIA LS Y
ﬁ%%fﬁ%&ﬁ%“’%ﬂ@ﬂﬁﬁﬁhﬂ’w4ﬁﬁﬂﬁﬁﬁﬁﬁfWiAM*ﬁ
B ®E o TE K FRAERSY s BT 5L L (light detection and ranging,
L@MU?iﬂ%u%%%ﬁﬁ%%ﬁ;ﬁ%ﬁ%ﬂﬁﬁ%ﬂﬁﬂ%mdam&mm
et al. 2005; Nelson et al. 2005; Hyde et al. 2006) -

45 = &3 By R BB RE T EA TR0l M %

B 13%T T AL wREY - (IR BMITFIEL BRCY  Ryp2 MEIT (B 132)~
@A A (Cost1: M 13b) ~ % s A 4o (Cost 12 1 ] 3c-f) 6 8 LCP H-3% 741 i8] e
TR R BT o L e f Mantel 4p B BE T ® Ao B0 o B 0 0 EOSUESE 0 R
i fEfEe B g R il B Rl (R( 10) -

Z AP RNROAFILNT i £ P Hifdait R e g I RBHE il BEEg
PP R LFEYG APM R A B LCP TRt ink FIERE KRG fp kil £ H
o RfpEr PR EL A EDS N LG T B B BRSO
(% 10)° 245 P/E & s edFuid Fome v BB L3734 5 P BB B Eafi F
& F g eige R (Hirzel etal. 2006a) » i34 %] 5 @ Fotg § & A o B'E 7 #3584
£ e Fg T (Hirzel et al. 2006a)> 3 7 P/E ¥ A %gHed f ¥ 14 % B 4c i % (B
D)o mfhHEM Ema B F e S AEE 0 @ 23T R FEE0L - HS)4e
Beihda F P T B A7 s iR T e 2 A 5 ptpneky o d i BEEgrer Cost4
PRI G RE M e EEER -

%llﬂgjﬁwhﬁwwpf°1?M%ﬁiﬁﬁ%§%V"Qﬁ%ﬁﬁﬁﬂfﬁﬁk
JF AR BEFAIRET IS ADATIEE F A g R M o TR dp B
#c (0.147; # 11) % ** European roe deer (Coulon et al. 2004).5) 5 & » ™% natterjack toad
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(Stevens et al. 2006) %) 5 & o a3 ¢ A F Rk B R § IR 4p B A

- £

o AT 5 AR AT ARG R OB AR BHATE  ATE e

B e du] ~ E oAk € 3 end B 73R (Broquet et al. 2006)

45 = H¥ % P RACHF Bk g

AFT g 02 Cost4 = & WK #7 % 3 e LCP §E& e 1) Blenid R4t #® chip B2
MU BN TE R T TR B RS S AR N R FEE R T BHE R R
F TN (B 14) > F T A 5 BB T BT AR o B LT 9 h
Frif 5457 3 2B FEPLT R R AR PREE  HHE 2 0 03T R AR
e § o Pt R B Tl SR TR BHELT e A R AT 4R S ARG R R

AR (T A RRGE RFIR T & o

7%

Sl FLEARPAPHNAL BEFREFRGAF  MERFEF RRERDRET
WRE R G F A KT A R a7 T g #ﬁ%—ﬂ
(Taylor et al. 2006) » # B S & A L @ " 88 > Fli# FRER G R - F D

A% 04 F VAR Y - FfEand G (Tayloretal. 2006) o 27 7 R4 H TR E - 46
EEHEHE RS EaR FREAM A X2 AT REY LB Sk ERE
FARRE e FIM 0 REF B RSRIRTFRRZHES AL AP 2 R AEHE AT
AP BEERNIF Y R R FEGEFIBRE  RFFEIRER AT N EN
%%ﬁﬁ%&ﬁ%ﬁ?a’%&?éfﬁ ik 16 #2(ecological processes) 1 it i& {7 & &L
MBS I e 0 ARG L 0 SR L AAE AR SR REE B
BAF ez BAGpM TR FLERER - A ETT E PP R F o EE AL
BEEF AR > dofide s BB A RRA S SHTeY S LA RS F o
Pad g B3 - KRG > T R RO NIRRT

g s 2 -

26



52 2R~ L3P R W22 2R FRATHEE - UFER SRR
PR BRI
FRBBRL-FEDRE TG A REH ORI S Mo B4R R
B R avg B o iEa e § o B & (Taylor et al. 2006) » FJpt » i - Ry § a0
B ARG RSy ens BFEA s de7 PR P OpE R R AT e AL A & 3 e )
BB FEHFETR > k27 o §8BHG O N TERRSE
HARF o dopt o RIER IR B ERE LT el e Heed o
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Z(turnover) i F R R R B EOFTA A 7227 feh

P SPEB IS T 1977 E R B AT F 4R R g M B
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1. v &= &y B ARG AL

[k AR R A
1 Forest e
2 Bamboo plantation R
3 Bush B
4 Cementary -
5 Farmland ke~ EF e
6 Tea plantation i
7 Orchard 5% F
8 Building EAE
9 Industrial district 1%
10 Railroad B
11 Highway & provincial road FEOREE
12 County road BRig
13 Township road FRIE
14 Unpaved road A RE G B
15 River, pond & reservoir EAL BB SRE
16 Bareland & exposed river bec ik & ¥ ~ i@ & &
999 Background & R

%2 B = &ZP¥ BT EAFLP A 478 * 2313 &2 &

fo b AP A F R EkE

IEEY ¥ ke 5l & T (N)
E-AAA/T-GAA 6-FAM 15
E-AAA/T-GAG 6-FAM 19
E-AAA/T-CAG 6-FAM 21
E-ACA/T-GAA 6-FAM 13
E-AAA/M-CCG 6-FAM 4
E-ACA/M-CCG 6-FAM 8
E-AGA/T-CAA NED 21
E-AGA/T-CAG NED 15
E-AAC/T-GAA NED 20
E-AAC/T-GAG NED 17
E-AAC/T-CAG NED 12
E-AGA/M-CGA NED 7
Bt 172
13 ¥ AZ AP RHEESHFREE

ey 2 S &L

Bandicota R R Niviventer I FER

BE Ok Frdr indica Callosciurus erythraeus coninga Rattus losea
W1 170 1010 0 61 18
W2 90 450 0 22 24 2
W3 80 1520 1 29 14
W4 120 1100 0 25 3
E1 68 408 22 18
E2 80 560 13 23 1
E3 70 490 23 16
E4 80 560 1 28 18 3
#3758 6098 2 223 134 6
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24, Wk = BB T 1904-1977 # ¥ A5 6 f

LC1904 (hectares)

Land cover 1 2 3 5 6 8 10 14 15 16]1977 Total
1] 2327.6 7.4 3438.8 109.6 187.8 15.5 1.8 26.2 0.4 67.3 6182.3
2 104.3 1.8 115.3 2.0 0.3 1.2 0.0 0.7 0.0 0.4 2259
3] 3346 05 72538 457 741 5.1 0.8 8.5 1.0 21.1 1217.1
I 4 1.2 0.0 11.1 1.5 1.4 0.0 0.0 0.1 0.0 0.0 154
9 5 208.6 34 466.0 2953 32.8 271 6.6 28.7 5.7 52.6 1127.0
gl 6 9.6 1.0 165.3 2.7 162.2 0.3 2.0 4.9 0.0 0.0 348.0
= 7 369.2 3.5 438.1 33.1 21.7 4.6 0.1 7.0 0.0 124 889.8
] 8 20.2 2.9 51.8 36.4 15.3 10.2 1.6 8.2 2.9 5.0 154.4
by 10 24 0.0 57 3.3 0.0 0.2 0.2 1.0 0.0 0.1 12.8
@ 12 0.2 0.2 1.9 2.6 2.3 0.2 0.4 0.2 0.2 1.0 9.2
- 13 0.0 0.0 0.2 0.3 0.2 0.0 0.0 0.0 0.0 0.0 0.6
14 0.9 0.0 04 0.0 0.0 0.0 0.0 0.0 0.0 0.1 1.5
15 79 0.0 17.6 18.1 0.0 4.8 0.1 2.3 0.3 17.3 68.6
16 30.3 0.3 52.0 12.3 25.9 2.3 3.1 134 2.4 13.2 155.2
1904 Total| 3417.1 21.0 5490.0 562.8 524.0 715 16.7 101.2 12.9 190.5| 10407.6
1089.5 19.2 4764.2 267.5 361.8 61.3 16.5 101.1 12.6 177.3
LC1904 LOSSES (hectares)

£5. 2 Z¥ T 1904-1977 & 3 A5 A 4R 7 A v

LC1904 (%)
Land cover 1 2 3 5 6 8 10 14 15 16|1977 Total
1 21.0 0.1 31.0 1.0 1.7 0.1 0.0 0.2 0.0 0.6 55.7
2 0.9 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0
3 3.0 0.0 6.5 04 0.7 0.1 0.0 0.1 0.0 0.2 11.0
4 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
- 5 1.9 0.0 4.2 2.7 0.3 0.2 0.1 0.3 0.1 0.5 10.2
Q 6 0.1 0.0 1.5 0.0 1.5 0.0 0.0 0.0 0.0 0.0 3.1
Q 7 3.3 0.0 3.9 0.3 0.2 0.0 0.0 0.1 0.0 0.1 8.0
~ 8 0.2 0.0 0.5 0.3 0.1 0.1 0.0 0.1 0.0 0.1 1.4
s 10 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
= 12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
13 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
15 0.1 0.0 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.2 0.6
16 0.3 0.0 0.5 0.1 0.2 0.0 0.0 0.1 0.0 0.1 1.4
1904 Total 30.8 0.2 49.4 5.1 4.7 0.6 0.2 0.9 0.1 1.7 100.0

9.8 0.2 42.9 2.4 3.3 0.5 0.2 0.9 0.1 1.6

LC1904 LOSSES (%)
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%6, w & = &£¥ T 1977-2001 # 5 g3 e 6

LC1977 (hectares)

Land cover 1 2 3 4 5 6 7 8 10 12 13 14 15 16 [2001 Total
1| 4793.6 97.0 8414 06 1738 1515 395.6 10.9 0.9 0.3 0.1 0.6 5.7 37.6 6509.4
2| 4734 98.0 51.8 0.1 151 1.0 481 1.1 0.1 0.2 0.0 0.1 1.4 0.1 690.5
3| 325.5 10.6 99.4 0.2 73.6 46.0 85.1 4.4 0.7 0.2 0.0 0.1 7.4 16.8 669.9
4 1.5 0.0 0.5 9.6 0.0 24 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 14.8
— 5 63.6 25 254 0.9 430.0 4.9 15.3 7.5 0.8 1.0 0.1 0.0 6.4 16.3 574.6
S 6 14.5 0.0 9.4 0.0 1.2 424 1.6 0.2 0.0 0.0 0.0 0.0 0.0 0.2 69.4
3 71 3274 13.2  106.0 3.0 2478 15.9  290.5 12.2 0.4 0.1 0.0 0.2 1.2 22 1020.1
,'; 8 61.0 1.3 20.2 0.7 97.7 23.8 243 1126 0.8 0.9 0.2 0.1 3.0 17.6 364.2
2 9 273 0.0 246 0.0 0.0 51.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 103.5
5 10 0.6 0.0 0.0 0.0 3.6 0.0 0.4 0.3 7.8 0.0 0.0 0.0 0.3 0.0 131
é 11 2.1 0.0 1.2 0.0 4.0 4.1 0.0 22 0.1 5.9 0.0 0.0 0.7 51.7 721
e 12 5.8 0.4 3.1 0.0 3.3 0.1 3.1 0.4 0.0 0.2 0.0 0.2 0.3 0.2 17.3
13 22.6 0.6 5.8 0.4 11.6 2.8 4.6 0.7 1.2 0.1 0.2 0.2 1.1 1.1 53.0
14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.1
15 26.8 0.2 17.6 0.0 35.1 0.0 14.5 1.2 0.0 0.2 0.0 0.0 394 4.6 139.8
16 36.6 2.1 10.7 0.0 30.2 1.3 6.0 0.6 0.0 0.0 0.0 0.0 1.5 6.9 95.9
1977 Total| 6182.3 2259 1217.1 154 1127.0 3480 889.8 1544 12.8 9.2 0.6 1.5 68.6  155.2| 10407.6
1388.8  127.9 1117.7 58 697.0 3056 599.3 41.8 5.0 8.9 0.4 1.5 29.1 148.2
LC1977 LOSSES (hectares)
7. w &= &P % 1977-2001 & = A EF AT A L
LC1977 (%)
Land cover 1 2 3 4 5 6 7 8 10 12 13 14 15 16 12001 Total
1 43.2 0.9 7.6 0.0 1.6 1.4 3.6 0.1 0.0 0.0 0.0 0.0 0.1 0.3 58.6
2 4.3 0.9 0.5 0.0 0.1 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.2
3 2.9 0.1 0.9 0.0 0.7 0.4 0.8 0.0 0.0 0.0 0.0 0.0 0.1 0.2 6.0
4 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
5 0.6 0.0 0.2 0.0 3.9 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.1 0.2 5.2
- 6 0.1 0.0 0.1 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6
Q 7 3.0 0.1 1.0 0.0 22 0.1 2.6 0.1 0.0 0.0 0.0 0.0 0.0 0.0 9.2
S 8 0.6 0.0 0.2 0.0 0.9 0.2 0.2 1.0 0.0 0.0 0.0 0.0 0.0 0.2 3.3
= 9 0.3 0.0 0.2 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9
S 10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1
= 11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.5 0.7
12 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2
13 0.2 0.0 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5
14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
15 0.2 0.0 0.2 0.0 0.3 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.4 0.0 1.3
16 0.3 0.0 0.1 0.0 0.3 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.9
1977 Total 55.7 2.0 11.0 0.1 10.2 3.1 8.0 1.4 0.1 0.1 0.0 0.0 0.6 1.4 100.0
12.5 1.2 10.1 0.1 6.3 2.7 5.4 0.4 0.1 0.1 0.0 0.0 0.3 1.3

LC1977 LOSSES (%)

37

1715.9
592.5
570.6

5.2
144.6
27.0
729.6
2515
103.5
5.3
721
17.0
52.8
0.1
100.3
89.0
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£8. A3 %> A4 (AMOVA)

Total @ statistics P value
Source of variation d.f. variance %
Between regions 1 2.116 ®xr=0.021 0.0001
Among populations/ regions 5 3.557 ®pr=0.036 0.0001
Within populations 124 94.326 ®pr=0.057 0.0001

9. 4 B FE A T(ENFA)E = = Z 8 % { BER f & B HGY TR itk i T3 2 @R RTFS fofF i R S
factor score > #2 %8 F % 51 factor score > |+0.3|

FiLRFS

B FF 7R B & 4= 7] # 7 1£ 5+ (60%) Factor 1 (11%) Factor 2 (11%) Factor 3 (5%)
Aspect Square root 0.017-18.974 -0.038 0.039 -0.019 -0.054
Distance to forest Plus 0.5 0.5-475.9 -0.315 -0.494 -0.628 -0.226
Distance to bamboo plantation Box-Cox 0-30.641 0.414 0.217 -0.389 0.244
Distance to bare land Box-Cox 0-52.756 0.301 0.514 -0.465 -0.042
Distance to building Box-Cox 0-44.568 0.442 -0.477 0.093 0.134
Distance to bush Box-Cox 0-34.395 0.103 -0.29 -0.04 -0.093
Distance to farm Box-Cox 0-30.412 0.276 -0.182 0.168 0.37
Distance to orchard Box-Cox 0-24.981 0.472 -0.257 0.017 -0.315
Distance to road Box-Cox 0-31.564 0.123 0.096 0.076 0.26
Distance to water Box-Cox 0-57.532 0.174 -0.043 0.38 -0.153
Mean NDVI* None -0.321-0.476 0.226 0.116 -0.161 -0.728
Slope Box-Cox -1.789-16.721 -0.191 0.086 0.149 0.032

*Mean normalized difference vegetation index
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#10. 12 Mantel tests &2 = & % 1
B2 (LCP) i3

R s BHEFEGEREL]f-6 Bi 3 A
S A 4 epRdaE L g 1L

Mantel r (P-value)®

LCP model® i B o T RIS =SV

Cost 1 0.123 (P <0.0001)  0.115 (P =0.0012) _ 0.151 (P < 0.0001)
Cost 2 0.127 (P <0.0001) 0.116 (P =0.0016 0.160 (P < 0.0001)
Cost 3 0.147 (P < 0.0001) 0.138 (P < 0.0001 0.162 (P < 0.0001)
Cost 4 0.161 (P <0.0001)  0.142 (P < 0.0001 0.169 (P < 0.0001)
Cost 5 0.158 (P < 0.0001) 0.139 (P < 0.0001 0.159 (P < 0.0001)
Cost 6 0.154 (P <0.0001) 0.120 (P = 0.0008 0.149 (P < 0.0001)

S AR AW 1213

°Mantel r % Pearson iRt dc

Z 11. fplip § ¢ > 12 Mantel test t 5% 18 @ RS {od > & ARJTFESA M 12 7 7 &

8 R P Rk % PR () R

European roe deer (Carpreolus carpreolus) 0.031 0.005 individual 2200 Coulon et al. 2004
American marten (Martes americana) 0.043 0.026 individual 800 Broquet et al. 2006
Spiny rat (Niviventer coninga) 0.147 0.0001 individual 100 This study

Land snail (Cepaea nemoralis) 0.374 0.007 population 16 Schweiger et al. 2004
Mountain vizcacha (Lagidium viscasia) 0.40 0.008 population 12000 Walker et al. 2007
Pacific jumping mouse (Zapus trinotatus) 0.420 0.029 individual 945 Vignieri 2005
Natterjack toad (Bufo calamita) 0.75* 0.036 population 100 Stevens et al. 2006

* partial Mantel test
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Land cover types
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