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Planning for Agricultural Environments
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ABSTRACT

Spatial configuration of landscape structure significantly influences various
ecological processes and landscape dynamic strongly changes habitat suitability of
species. Ecological landscape planning that account habitat trade-off among species can
provide useful recommendations for decision making in landscape planning, especially in
agricultural ecosystems. We applied a genetic algorithm based spatial optimization tool,
termed Land-Use Pattern Optimisation Library (LUPOIib), to a multi-objective landscape
planning intended to protect three bird species that has distinct habitat preference (Vivid
and Green-backed Tit) in the highland

experimental farm at National Taiwan University (HEF, NTU). Our results showed the

Niltava, Brownish-flanked Bush-warbler,

three focal species had distinct and conflict habitat preferences. Vivid Niltava preferred
small patches of forest embedded in the agricultural landscape, Brownish-flanked
Bush-warbler preferred edges of open areas, and Green-backed Tit prefer large patches of
broadleaf forests. We conducted an overlapping analysis of the inferior solutions to
demonstrate the spatial distributions of the irreplaceability of each replaceable land-use
type. The farmlands in the eastside of HEF provided critical habitat for Brownish-flanked
Bush-warbler and thus had high irreplaceability. The west side of HEF was suitable to
restore some small forest patches for Vivid Niltava. Also the broadleaf forests in
southeastern HEF had high irreplaceability and could be improved by restoring broadleaf
forests to connect current forest patches for Green-backed Tit. In conclusion, the
multi-objective analysis can effectively support the decision-making process of landscape

planning with respect to ecological compensation or habitat restoration.

Keywords: Agricultural environments, Landscape Ecological planning, Land-Use

Pattern Optimisation Library (LUPOIlib), Multi-objective planning, Conservation
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= #4E RE2 (landscape ecology) By IfF 9L 5 81
Z2REAURE (spatial patterns)Eil 4= REIRTE R Z AH A AE
FI(#ASE » 2001) > S#H(landscape)fHETTZARTIR
NIRER] S kB S (patch) ~ JERE (corridor) FIFE
(matrix) (Forman and Gordon,1986 ; #&%% » 2001 ;
RS » 2002) o FE HRETRE 2 AR st PR AT
i R — kSR HS - H”ﬁﬁﬁﬁgaﬁ TRHLHCR B HITIRE -
AR VR TR 57 R B 2 AR M Bl i P A M
J& (connectivity) ~ SZHCE (dominance) ~ BRI
(fractal dimension) ~ $E{RE - fRPEREA/N  IRIE
B ~ IO ASEEEE - FEREY - B

BEE - RILHEEREE - I REEEH
(USEPA, 1994 ; Aspinall and Pearson, 2000 ; #&37%
BR/KFIE - 2011) © [RItE » ARyEiEH ARG 5t

ZE I RE A R B E VIR QI Bl E AR
AR i S R b RS B SRR AL LV
WAL, ~ AEVIRERRIE R « Ry iRifiBR 28 P i 52
2 Z#ldeE (landscape modification) P 7E s B3¢
IR 2 BEHI{E H (habitat restoration) B4 RERH B
(ecological compensation)Z Bl o RT » e
ITHERAEREOR BRI » 25 5 5t h T
& # % (composition) » {F Ry H YRR <
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53 E) LA A Ess B AR b(BIAN » B AR
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AU~ JEE S ER F AR A B AU RE e A B SETE
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S ERTE BN AT HE— A PR T R o R R
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FABCE S - e BAEYIRE R R b 2 225 -
LEAh - TEZEMERRE - Fr 2R R R EN
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mization model) » UG£ R EISCGE (Holzkdmper
et al., 2007"; Westphal ez al., 2007) 5 {575 b #]2%
(Ball and Possingham, 2000 ; Linke et al., 2012) °
Hrr > Holzkamper Z£(2006 5 2007 5 2007°)i#H
SEEE B 1 (Genetic Algorithm, GA)FTEREZ 1
K] A #% /B & 21k T B LUPOIlib (Land-Use
Pattern Optimization library, LUPOIlib)E. % L
R HARE < RS BILCE R -

AHHTE 22 H I R ¥ 58 R BRI B Lt E
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JEEfFE{E T2 LUPOLib @ E i EES G S EE
YirdEr H AR - TR RIRIREERH & BRET
WENIEE(Niltava vivida) ~ TS (Cettia fortipes)
SRk I LIZE (Parus monticolus BERIHE B4 &
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R B TR 2 E AT A k28 - REIREEH
FERA RS T A e, - 2 AT A R ]
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solutions) * FEFEAER AT H AT EE B RER
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AR RE AN FRIRE AR - I Al fE ST
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& A(A ) B

KEE 0.4 0.65%
L 7.36 11.95%
RIE 5.66 9.19%

JR AR 27.33 44.36%
b 11.94 19.38%
AT 4R 7.34 11.91%
AT HER 1.58 2.56%

Wre bt 3 1 Listh B B R 05 - e f= 355 (LA R e 1=
%) » RIAEFETRRM B - PR A B T SRR (2
14 B)14.5 2N HBR - SEEHREE Ry 2,100 AR
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SEHIE FYMENR 50 ARG » 2013) » MR
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Z -5 8l(sub-landscape){F Ry FUBEIE » LIF &%
TRBh B ER h R B
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R - BIEE LSRR SRR BE
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F > 2011) « RS A Aol — PR A RS AR < BE
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RIS HHBURLGT ~ ke 138 ik 1L HEURG AL (B
1) » 35 LB AT DU S S BE — R
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FEERRR AR - EIEIIEE LR TR S EEAK
/INERYR A + SRR 8 R B 2o e
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2.3 MFEHE
2.3.1 s E M

T 1t 0 T R A 0 A O P S i e 7 e A
FrE @A H i BRI 2R - DL o E 1 Bl
FOREMEAN Y EGTERE o BEEE g J
AR Ry I A B B SR B e i i
PR » Bl 7 o B P AN R BRI R 1
B - SR FHERSRHIG AR 2 2 [RILL » iEeii
0 LA A T T S P R S R O R A o B R
R o EREHIR (logistic model) By— G THEAY » 3B
B FE L (odds ratio) AL SRHEM BT E R »
QTEME Y TETRT BSOS D » 50 RT FH AT 2 o B
T3+ IR P R v sl s 2 7 5 T PR A
K AERTR Sy

hsi,
Log — |= ﬁo +ﬁ1X1,[+ﬂ2X2,i RIREIS + ﬂan,i
1—hsi,
.................................... (1)
HSI =" hsi; e )
i=l

hsi; o3BG | BB EE 5 X, FodhBh i 25 0
EEREEIRI T B Bl B, /3 IR R B M =iz
B B AR K PR -

AR BRE) IR TRy L R PR R
22 SR SC N A [E IR s 2 BREGERK
Fetiths BB - AN SR BB (class
area, ca;) > NixBELAEEE(largest patch index, Ipi)
A SR PR R 3 R 5 (edge sum, es),)
R RS B4 # (patch cohesion, coh,)ZF Akl B
Bl 22 fR - LAE s sl b st P R B
BLE - & TR AN T (Holzkdmper et al., 2006) :

€Ay =0, i 3)
p=1
Ipi=—max(a,,)x100 wooooccivrrrrrrrrrree 4)
o |
coh =|1-—==2=L.—_ll|———| x100
l [ zpzlpp,l\/a \/a
................................... (5)
es,, = iecp,,,m ................................... (6)
p=1

Hep s a,, (m?) Ry R FEERL 1 o p (E SRS
THIRE s A, Fo? e H AR USRS (m) A
S THRE 5 P, b T MR FEERY 1 R 28 p (EHRER
AR 5 ¢, fo RHERRIZERY [ Fh2E p (EiBifEZ
MBI 5 C, F BRI v (m)#EE
ST AR ec, BB R p (HILRE
WF > BEAN[E] L3 FHEERY [ B m (2384538 S
B o
2.3.2 TR R (b T H(Land Use Pattern
Optimization Library, LUPOLib)

R B IR T & H AR i Bk
& - ARWFSEER Holzkdmper (2006 ~ 2007
2007°)F & +-HRFS R E{L T LUPOIib
HEATIAERBIUCE - LUPOLb Fy C/CHBHFEZ IR
BE > DB B (Genetic Algorithms » GA) By
BT B i TR AR i - JEBEEE R —
T4 & i FEALIH L (Goldberg, 1989) » HRTEE
12 BT ML S B A 1 R o B L R (B
2005) » HME2 R 805 R E g BE R A L
WAL ASYIB R BB R - 1F ReoR iR
(LRTREH R R B HRE P Reidsidd 2 AL
s 5 ZURFA SRR BB AR Ky 0 B2 1 R Bt
8 - ZFEE#E B (production) + At (crossover) 5z Z€
48 (mutation) ¢ M & 22 15 3B (H 38 H I (genetic
operators)’ T EEL T —RZ L OB FERER R
TR - SO E R EE R TR TR R
ORI H RO e B TR R
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SRRy I o AWFFELUT iR a8 ~ A7hd je2e
S (PR EERR B E RN (G AR
AGFEERE LRy REETE 5 i fs (R
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AR Getge B FAURIEEBEBAGE
FRFZ A RE - MR EME BUERITR B
FREIGHEBARET R XY - WIEEYE b2 BHEER
e
B ERRIR R E R TR+
R PR SRR » PR AT ARIE AR sl it
R b 2 TR A HELR 7 2 TR ) - SR T 5
BIUCE (TR R A - WA RYOER . A
B - DlgiiaZ S e R LI - LUPOLib By
YR RS E B (patch level)Z T HIF| R R EAL
TH » JRENE MR B BT R SR » JHLE 3]
LI Sy = S Al Ve Ay
BB BR RS A B » SR TR b ) S A
Ry M REA P QiR R - EiE
HEBEUUBMGER - RINEERERE - SR
AR
(1) EFREATREY - Bl R LA R -
ERAE RAR L AR - WK EAR S
b o AWFFELIAR RIS & T & H AR iE
AT S (R R H AR -
(2) BRI Y LUPOILib Ky
bR ie e o B UCE L T H - Hik
TR S rh A ik S o st Y
FHRK - BN 0 ~ 1 #REB-RIE - LUPOIib
7 R B B S 19 7 A CE BN LA R B B A
FEA A M F R A e AGE BRE B
zgtafarh - KREECRHERZ R
B it < R OlE g, RO
A& KRS EBPSRLEe < I FE
Y o
(3) BEREEEE 100 FHEERSVE R anfidiess -
G LA E B b BE B R 2 R AF Ry B AT
(current solution) °
(4) BEGEF T T  EEER TR RN
(crossover) ~ Z€% (mutation) » F5HiE EEHE

TCHYET - RIS U e tale - MEF 5K

FHWBTIRES - B R R RT -
A O AT R R W R B R IR et
B8 ARIB AR G S e i TR AR T
B TCFR (LR R FAERY) 2SR DL
BEA TGRS 5 2o b T — R
TmEs - R ZeE R RIE aiEh 2T
% PaEtsoos H R R DA A AR
gutadd - Kt > AEEEEEE TR E T
— R IR - APFFCEE R B HE
pCross £ 0.5 ~ 283 pMut £ 0.01 °
(5) WLRiEE 3£ Y, © LUPOlib /& M RE MRk
8 o 0 RIS B A oK FT B sk B
(maximum iteration number)EHEIE IR
FEMERHE I IMRBL o« AWFFE 43 RIEE i
ZAT 1,000 FABGEAE 100 Rz HAERKEL
BRFZ/NA 0.01% » FEERAT AR N Ry
s
23.2 ZHEHE
% H R SR R RE R 12 H B AE A R R R
Hh HESER ORI LA 2 E AR
H 2% B AR E 50 08 5 ek L B A% Ik 1
2% IAEE B — EAIRIL T - R A 2 oAt
B - KIHSRENE i nl st s R A
IR » 2 EREUSRRTEA T 2 MRk - A
FUERRHE R » I TS HI R BEREE - BHA
DFE B — B AR - SRR R E AR R - AT
152 fRRNFESEMA - RRREEMA S TIEEIREZ
JEHEME - MEMATES SRS REEEEIE
JEHBfRES (B > 2002) - LUPOlb k—EAGH
MR SRR R T H - 7 AR
PIREEEREE » AT B —E e E AT T L 3]
FARCE & AL - REH 2% H A% (trade-of B H B
(b RO B i 5 - AT SE H AR B T
i

Max{W,HSI, + W HSI; + W HSI;} ......... (7)

Hrep o a RyiREEmE o JFERBER N E
HSIy ~ HSIg ~ HSI 53 iR IE A0S, ~ saiiie s
EHRGTSL12e 2 SERIRERGE B 1 5 W) > W~ W6 57
BIRFEEEREE > H W+ Ws+ Wg=1; 1%
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K2 FESHNOERIGR

gy ) BT K MAL A RIEE HAELE
J& AR @ A (m?) 3.59 -4.169 2305
AL SHEMR & A (m?) 4278 -5.173 -3.575
AT EAHR & A (m?) -
R TE L AR CE e 0.025
AT HFERRNRIRH 0.01
AT HFEARR R R - 0.012
&4 BOR B 5 R 48K (m) -0.117 - i
M R HE R 8K (m) - 0.046 -0.105
R E B A H S R4 K (m) -0.256 -
REARATEERE R MK (M) -0.094 -0.082
RIEAAL M FERER B K m) - -
JR IR B A M R 48K (m) 0.064 -0.089
LA T 43RS R4 K (m) -0.057 0.14
FrHf A T AR R 4K (m) - -0.08
R % H R 15 K (Ipi) -0.022 -0.01
#1278 03B B (m) 0.003 0.008 -
$. 3% 3% 96 dft(m) - 0.022 -0.028
W ¥R -4.001 -3.589 -3.521
ROC 0.706 0.766 0.749

FHFAOR ¢ Lin %(2014)

HEEEE | DU 1/9 FyfilRE » RIBLELE 34T 28
FHEPIRAKRIES B -

FHIA TR AR EE AR - T 7K 38 B st St
i - TERRIZEPIERE b ARIFSRast e i)
F - A PR 2 SR~ Rt~ A TS EEm
AN LTRAZEM 5 BE 5 BB i K AT H2 (it
35% (6.6 NUH) AT HEME B EAE
(revegetation) T.F » thA] i A T#F #EMREE A TR
TEMUCETE RS B R -

= - R

3.1 EEE S

AWFSEE A Lin $£(2014)E 7.2 BEsthwE B 14
R PR B A e ) T K] - o 22 A
FERANFE 2 PR o &8st R R Euthit
(Receiver operating characteristic, ROC)* Z .2
ROC Hii## TN HfE{E (Area under the Curve of ROC,
AUC)E KA 0.7 » v FILHERS B AR HE B
Mz 2253 o BT S I E M R £
o TE R B SRR C R o IERAGREUR

SRS B IR AR R B BEMR (IR AP B A Tt
TEM R BRSO R IE(H) » FER ASETEEISA
B R A 38 i - Angith ~ SRIE R
BV (8 i R AR O BRI BB PR B R B
fH) » Btk > HIRAIEEEAr/ R sk BRAE (A
SLHETRE () FREURy B1) 5 SRR 38 B 47 Bt B
A PR e I AR PR3 i GRAR RFEFR RO IE
JFAE MR RS R BUREOR IE) ~ SRR AR 44K
A T EEM R BR RS (R TR B ~ AR AR FE B
TREURy B) B Y) R s (BT ~ 28 s e (R B
FoIE) 5 Ak 1L A mar I AR AR~ RS EEM (R
Az PR B A T B 3E MR KR 51 Th R 415 38500 ) Ry T B
5]) -

BAL38 S SORRAHLL, - 25 it T B2 i AR
FEREAHHR -FERIE g E T - 21%(2010)
R REZERARAY T b - E AR S EE
i b e M ARFTE TS R B IR AIEG
ERE B R SR 2R AR - EAE e St {7 S B R A1
NGBS EEM RS 5 PEE SR ELRH(2004)
PR I i S B S B Bt R W B ARG SR
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