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Abstract

Between 2009 and 2012, we conducted systematic surveys of the area west of National
Highway No. 1 in Changhua County, discovering that Elanus caeruleus, the black-shouldered
kite, is not as limited in its distribution as previously laid out in Environmental Impact
Statements; we have found that it also covers other townships, including Xihu, Erlin, Zhutang,
and Pitou Townships. The greatest number of the birds are concentrated in the agricultural area
south of Lukang and west of Provincial Highway No. 19. The number of birds witnessed
first-hand during the survey period showed an increasing trend, reaching a maximum
single-survey figure of 130 birds. Nest-site surveys also showed that the breeding habitat of
the black-shouldered kite is not a contiguous area, but rather focuses mainly on sugarcane
fields and large, fallow areas of farmland. Observation of reproductive behavior also found a
total of 394 fledglings from 338 nests built by 99 territorial pairs. Unlike reports from
neighboring areas in Asia, these black-shouldered kites in Changhua do not only breed
year-round, but do so at nest sites that can be found month after month. Absent human
interference, each breeding pair is estimated to reproduce 3 times a year, producing an average
of 3.3 chicks per year. This high level of reproductivity and consecutive reproduction is
greater than that found in known literature. This reproductive capability is further enhanced by
the black-shouldered kite's consecutive reproduction, mating with additional males during the
brooding period, and the participation of subadult birds in reproductive activity. Within 1Km
either side of the Changhua section of the aforementioned highway construction project, a
total of 11 fledglings from 15 incidences of breeding by 6 territorial pairs in 2011; in areas
where work has already commenced, 4 breeding sites were constructed, comprising a total of
13 nests producing 9 fledglings. Three of the aforementioned breeding pairs nested within
150m of Provincial Highway No. 17 and 10 within 300m, showing that the black-shouldered
kite does not consider areas next to highways an inappropriate breeding habitat.

The black-shouldered kite shows some preferences in habitat characteristics. It prefers to
build nests in trees in areas with relatively high canopy coverage and further from roads.
Within 150m of its nesting site, the black-shouldered kite also shows a preference for areas
with relatively low levels of water, construction, and mixed agriculture; it also prefers areas
with relatively unsegmented land. In radii of 300m and 500m of the nesting site, the
black-shouldered kite continues to show a preference for environments with relatively low
levels of construction and agriculture. Of the five distance logistic regression models, we find
that the 150m-radius model is most predictive of black-shouldered kite habitat selection,
followed by the 500m-radius model, with the two showing overall predictive power of 91.4%
and 84.9% respectively. Additionally, 51.6% of reproductively failed nesting sites can be
attributed to human interference, including engineering work and development; 42.4% can be
attributed to the influence of typhoons or high winds, indicating that the preferred species of
tree for nest-building by the black-shouldered kite, Casuarina equisetifolia, is susceptible to
damage in coastal regions. The aforementioned nest-building preferences may serve as a
reference for the construction of suitable habitats in agricultural landscaping.
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The maximum and minimum reaction distance to human and vehicular interference is 67
m and 175m respectively. The black-shouldered kite shows a significant difference in the
level of reaction to human and vehicular interference (¥2 = 265.60, p < 0.001), with human
interference at 36.1%, small vehicles at 36.1%, large vehicles at 13.1%, and agricultural
equipment at 14.6%. With regard to the distance at with reactions are produced, the reaction
distance for agricultural equipment (119.25 + 38.04m) is significantly greater than those for
human activity (102.28 £ 57.63m), small vehicles (76.30 + 43.94m) and large vehicles (77.50
+ 54.04m) (Kruskal-Wallis test, H=27.41, p < 0.001). Additionally, the black-shouldered kite
shows significant differences (¥2 = 71.669, p < 0.001) in its reaction to different road types,
showing greater reaction frequency to interference from township routes and paved roads
than from unpaved roads, provincial highways, and county routes. With regard to the distance
at which different road types produce a reaction, paved roads did show a greater distance
than unpaved roads, however not to a significant degree (Mann-Whitney U test, U = 8794.5,
p = 0.628).

In terms of avoidance strategies for the 201-208Km mark route, the five main
replacement routes—the coastal route, the inset coastal route, the Provincial Highway No. 17
extension route, the joint Provincial Highway No. 17 route, and the inland route each pass
through 3, 3, 3, 4, and 5 black-shouldered kite breeding habitats, and while the three routes
west of Provincial Highway No. 17 do show a lower level of interference, the difference in
impact is limited. Other environmental costs should also be considered, such as the impact on
waterfowl in intertidal areas or on the habitats of other protected species. Social costs, such as
acceptance by environmental groups and local residents, and economic costs such as
construction expenses and efficacy with regard to traffic should also be taken into
consideration. In response to the impact of construction on black-shouldered kite habitats, the
four alternative plans for habitat compensation should be evaluated through negotiations with
relevant government departments and determination of optimal compensation plans for
farmland that will lie fallow; strategies to reduce the impact of the construction work itself,
meanwhile, should focus mainly on monitoring the interference to breeding by
black-shouldered kites in areas neighboring the construction, as well as putting in place plans
to inspect, monitor, and adjust restrictions on human and vehicular travel in affected areas
through consultations with private businesses and non-governmental organizations. Some of
the plans for avoiding, minimizing, and compensating for interference to the environment of
the black-shouldered kite proposed in this study have already been communicated to, adapted
for, and resolved with relevant organizations. Follow-up work should focus primarily on the
implementation of construction work monitoring, movement restrictions, inspections, and
environmentally friendly measures; the funding necessary for this comes under the umbrella of
routine expenses or is otherwise relatively inexpensive, and so it should be feasible for
relevant construction organizations to undertake.
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2R vRTE

3.1 AF BRERR
3.0.1 ¢h A2 A s

2 2@ Fh(genus Elanus) & /’fﬁﬂ(Accipitridae)wsV BT — #geh A& g
4 5 B A sy wi%—kng\fp - # Ay o ghdRiEay ¥ (Negro ef al
2006) c B HE ¢ Fw B AT AR X RN E (& 3) 0 A 8] ]
AETE S I~ AW B el R 02 i F (Black-shouldered Kite, Elanus
axillaris) f= % 32 § (Letter-winged Kite, Elanus scriptus) ~ % # 9 k §
(White-tailed Kite, Elanus leucurus) (Clements ef al. 2009) - 2525 ~ 2 5 # 1
2w & F gL b fE(conspecies) T 1 = i42 f8 (superspecies)(Parkes 1958,
Mees 1982) » & Clark & Banks (1992)# &7 E R4 i@ Ffl » w2 #
BARMA ARG T ZRMBL LG

Bed'Hom et al. (2003) 2 22§ ch4 ¢ &8 2 4% 7 (karyotype) & 242 4]

A AE D2 RE B¥ i E AP fg‘ﬁiﬁ‘ FHigeo- 2 > 32 v £ H b
- Lo F 2T R Rgiﬁmmil’ﬁé %k om T (Wink et al. 1998 5 Wink

& Sauer-Giirth 2004 ; Lerner & Mindell 2005 ; Griffiths ef al. 2007) o F]}+ 2 &
BadFisr RamBE T ap A3 FalRyrFa o

23 Y RRA A H

R, AT
2 j2 § (Elanus caeruleus) Black-winged Kite, Common B EAIE L 2 s
Black-shouldered kite ER
B 2 J2 F (Elanus axillaris) Australian Black-shouldered Kite L R =3
K32 (Elanus scriptus) Letter-winged Kite SR X RN BEZ IRA R A
v E § (Elanus leucurus) White-tailed Kite EFMa L 3 RZE

(Clements et al. 2009 ; Ferguson-Lees & Christie 2001 ; Hoyo ef al. 1994 ; Howard & Moore 1991)

2led Lo A0E4 0 EHE 31-35cmc ¥ E 75-87cm > & & 197-343g -
s e BRI 0 MRS RS 9% 15% 0 4B S o H 2 v 8 s
R FAPF LD R G W GER BT LR BT o A
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e

PEBFEE AR R 2y R el 8 2 Bl 192 ARBE T G ¥ AR T =

Peenk ke R - R T R Bl o A Z RS 2
T2 d PR oo i B F o AR E ¢ 0 &£ A5(All & Ripley 1978) - 2
JpP A Fd mhE L I EF e et g PR BT g
LT ASTRIY Ml e B R - F k2§~ EBEFHEL > oItz
R 4ei® 4 & 3 (Ferguson-Lees & Christie 2001; % % 2002 ; +k % 2004)(H# 6) °
ThPFAAEFRERAIAE DA F 0 2 Aol W EFET 30 £
e Bt PR ¢ (Salim 20025 R & 20045 Mebs & Schmidt 2006 ; Balbontin
et al. 2008) o

W5 2Eys

3.2 ey L

it MR RE BT W oA I . AT o Y ihd )
FREHoT o

B R ERARZEZR DT E R T o g 0 B AP (B
1995) » 37 = L AR BHFR IA 3 ol d O L S ARE 1 ol A B K
>(E % 1993 ; ¢ 1998 ; B &Mt 2001 ; B % 2002 ; ¥ % 2005) @ 7L &
PR E N2 Bk P B S4B o R E (2004)3n 5 2=

= 7e BHEEREFER ARSI > UE RGBT A

BB A Vo LR R EE AT Rl Fl o e b pRn AR
B e Ao @ rms o A2 S AL LY @ R EH e o 2
JeF sk (4 E 2004) o
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ERA 208 kY Ezwm g TSI SEE 0 - E 31963
13 5 - LRARKFIM AT 5 oozt X g 4R % (England 1963) >
A e iT 30 W\Ey RRAL SR P RO RRE RASE Fast

3 =2 F{eakiT ¥ W (Duchateau & Delage 2006) - Balbontin ez al. (2008)
joip| 2t AR IR st o) F S L vk SR U

I°®
BT For iﬁ o M IRER T A AL TN > ZRRE arEF PR
' iz B 3 B (Faanes & Howard 1987 ; Balbontin et al., 2008) -

EE
| St U

M LT Ikiometers
06295 1,050 1,575 2,100

W 6. 232§ (Elanus caeruleus)t % ~» # B

BOHORBRERT b EERAC FLGENTHLTHE ( FAR
EEEENTHE, AT - 2o 1998 £ R SR R
1999 2 A E £ BB RFRTRLDZIZBY A2 A ERNTREA 4 RH
w AT R T R 2002&}%%@1&?*ﬂ%%m&r%vﬂ?ﬁp =
ZEFRAEEE ALY 63Kme ¥ {357 75 & ¢ 1999-2010 &
ﬁﬁﬁ%ﬁ’@ﬁlidﬁ%?%Lﬂﬁ‘i%& 4% @W%mu
4y EF AT LAEEGRF A froAE g A E) RSP B

/T/JF
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3G IRs AT Roo

34V ERNEREHE LR LR FRE N

B9 \E i~ 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010|-]- 2+
e 4 4 1 1 1 1 12
o 1 1 5 12 15 2 1137
ik 21 2
=i 1 4 14| 19
B 5 5 2112
ER 1 3 1 5
¥ F) 1 1 2
% 1 1
Z 6 8 2 1 1 2 11 3 1 1136
37 1 1] 2
S 15 13 8 11 33 36 44 40 12 13 8 |233
351 3 6 5 8 13 2 3 40
&2k 4 11 24 15 10 16 41 44 69 69 39 30 29 |401

TR kR P FARTEE ¢ TRRE

FHERYDLE BALS T I RTHRT B2 AT T EAN
2000m 5% LE R A E g TR (F 2002 4 1995) At LR H I T
i# 3000m 7% & ¥ & (Ferguson-Lees & Christie 2001) o A < £ & & jp /% 3
LB RAmY A F T R Aol L b ARG o BIp s@&%’%?*ﬂ‘ﬁﬁ
TRIRYEFED L F A EITT R FRE(F 2008) 0 d 2 H4F
B RS SRR YA B AR R TR YL o)
”ﬁ#wﬁﬁ?ﬁm&ﬂgﬁgmﬁi’%Uiéﬁﬂﬁiﬁi%ﬁﬂ%

AR AT BT R B R AR BT AU SRR -

32§ F RRR RS EFY
321 sy
B MEER S S ARA C RERT NEFRT A G REES 0
SR B g A & F (Newton 1979) » Flutse X2 Big § +ha & &
P FA5 5 0] Al 5 cn BLEE (Stendell 1967 ; Stendell 1972 ; Manosa et al.
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P45 B o2 4 & ik K (Parejo ef al. 2001 5 HR&FE 2002 5 +k&# 2004) o -

%ﬁ€"iﬁ%ﬁﬁ%%mﬁxime% ‘@méﬁﬂ%’w%méyaﬁ

LR £ % 5—)?‘—? T Le P > 5 B ’#&/FJ SR AR EN

¥ Fp BEp S L Q#Xﬁﬁﬁ£NM) ‘b 1998~2004 & ¥ & F1.7
2

ﬁé% A AR G f~§'va“3}'Lz*é;Tv‘ e B g ik

64.4-953%> B =t 5 AP 15 58 4.8-30.3% - pt A R B A R A T 0

LT g iR EEHERLFEEEREE 97% 9% v b (Parejo er al

2001) - ﬂ“ik%m”Eﬁﬂ%P“”@ﬂ“W§$ﬁ%%#lﬂfﬁ

(vole)siz & £ 4p B 1+ (Hawbecker 1940) moA e 4 L RAeE - K %o

ENEFLS Y BT ot b AphE o s Y S8 A A IR
?:iﬂ‘( anosa et al. 2005) »

\m&

2RO EE R P4 Ve s 5 & H(active perching) ~ F ¢ HOF
(hunting flight) ~ ¢ &4 f? (cruising flight)% » H ¢ %2 N {ez @ JF 5

d (Jaksicetal. 1987)» ke H = N E i o L X3 N ¥ F 4 Ak ow
AL e 0B BIRE > Wit A B F LR B A ?‘ﬁ‘mﬁFjﬁ
Fh oo EFRFIR cINFPPEFNINIBRLIES X VE S fud
BAu R ERE RS ARG A o R E AR B BT
Al 2R A b W Mo E TGRS o Tl 2l s o
i:_%ﬁiiﬁ FARR A RANP A RV HPEH S

75 B B4

,;/\

s

<

%@ﬁ?ﬁwéﬁﬁi%’%#iiﬁ’?ulﬁ{umm*—ﬁm

oo B FER W%Q*%iQMyawﬁ’i&@ﬂ)%~£ﬁ%
(Ferguson—Lees & Christie 2001) © 4= % £ 3 X ’}%m ERIE IV SV S Gy
Mo % - PHHE B8 = (Pajero et al. 2001) L 15~35 € g

T4 A Bk b iE e (Bharos 1997) - e ;s,% 8P 7 R T EAR R
L3 b e RRRY P L B e pF g IR NS de - 42 (locking
talons)=#73) [ 4= 47 (grappling) ; 7 % (Whitt 1992) -
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PEBFEE AR R 2y el 8 2 Bl 172 ARBE e RE G ¥ AR T

?ﬁ
i
s

2@§§¢ﬂ“fﬁﬂ%ﬁiﬂﬁﬁ%#é%%%i%%ﬁ’w%ﬁ
MEFR TR AR o FFPFELIN T AFRETMRING £ - AR
REESORT  BETRE S fRHFERITRE TG A Y RAH
CREd I ERBRAR AR AR ;&E;IEU&?B%' LY X F o I e
FAH U FAFF I adnao el Bty Bl e B LT R ok
Zlow o RHETBAET A T B o

322 8RR

2leH AL A B LN A RMEF BIrar TRETLE B F
AR F2) 0 AR < FEF RS T K M (availability) 2 § o 2
(Mendelsohn 1997 ; Bildstein 2006) o ' X EF 3+ F 1 & 53 T 5 » bl4o
AR L ARFARIMEF LB bAchE R G FRE R
ﬁr"x‘ 2 LR EFER A BB ERX LRYA (Bharos 1997 ;
Naoroji 2006) o e 2b g 225 T HEPH B PR G o & L 2L8 4 2 ﬁijA,
0 R ARSI G 0 Bldes 2 %&mﬂ?ﬁ_% 4.5 # “‘I'E?%\—‘r"rlgi |7 d 2
g +E(Oatley et al. 1998) o » 3 FFE 22 d B F EARBE % T F 517
(Thévenot et al. 2003) -

Mendelsohn (1989)#?, MBIBHTEFEL TR T2 BRI ER
’f‘f’ﬁ‘ W=y P = %ﬂﬁl’l._ﬁ‘ —1—"—"‘"25Km P\" ERR V-1

25 B Aadl e X ™ (Ttransval)? ﬁ 7  RE: szfjﬁ"ﬁ _ s
AT AR Y TR 90K m> 1 — 4o P F AT 2R %
HhaTe B

SRR RIS R a#?:‘/m\# PR o T R
BE 22 AR R T LR RS 2

sz4k(Homer et al. 1982 ; Ouni 2007) °

hd s BeEIL I E ST foi 57 RS Ik s h 1860 £
ZTw o RGN 1944 EF B > 26X - REFFa%micsro -
0 # RMigdx BeMMBEALET 5 21990 £ 8 FLT 3 | %H
m?ﬁlmoﬁ’§¥7#¢1%4%0%%&°Eﬁ&%@%j%ﬁmm
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w4 3 & ¥ > Balbontin £ 4 (2008)3% 2 %5 A0 3 BiTH Pk
‘f\f’ﬁ‘é‘y""'-& E :r‘"d" 'g %1%\4 F&g )

AR TR FEHNRRAAT AT AL RFZ B REBELS 5
oo P R o WE R S IIETL Ao M A e 0 Ny 2R
B o nF o o A I AP i "8 (Sumatra) fréc 2 § 2 (Kalimantan)
#4e # § (Molucas) > 3% 4 F > Gt 2 Riv'(Borneo) RIFfF™ » @ &

'Nex(Java)d F #E { zuﬁ?r") (Brown & Amadon 1968 ; Coates 1985) o

N
&}

)
i E
A

323 £ i7 A
BTV g 0 3 R 2T rEEART P RE ML IR
;,gﬁﬁﬁjgg,ﬁgip bR T T D b L a4 Ry
& g B - % (Newton 1979) - — fe e vpze b 4£ T et - fﬁ»g el A
AR MR- AeE R R T e B e o RERGET S NGRS TR
18 i;ﬁﬁ%}&ﬁvﬂé (o LT R R F 7 B R ey

# {7 % (Brown & Amadon 1968 ; Ferguson-Lees & Christie 2001) o ./ 42
v ﬁf*ﬁ“ ek 3 K Ll - BRET TR B AE S

'+
—_\\

Beid T &$¢ggg§g»§%g%m@gﬁﬁﬂ£%ﬁ°uié%
FRPUET EHRAARAR Y- BREY TG AN RN
HRE - 2Fm 7Y ¥VFRILBYEAGERADIEFTS o 0§ A °F
WRAEAHERAE - X S EL A R R EBRF IR § PR
PRI AL G R o RRRE c I MU E PP A X hiE P
Foevrg2 i ¥ AR LRP A AT R eF o B FLRE TR

ZARIEF L oL LA PpE (58 2008) -

3248 AR AR
;x»wﬂwgéﬁmw;ﬁﬁﬂﬁﬁiﬁﬁf » A 2-5 3 E-o
REEA A H IR G Efr s ok R é_ £ 7 B?*‘Effﬁ i R
Foobldr A E NG AT LM T IR P R R L RN R
7 WA ARFITRFIE FREORATREL > - TR T
ARFR IR 0 (50 RT3 % f(Mendelsohn 1984) o v & ¥

N




PEBFEE AR R 2y el 8 2 Bl 172 ARBE e RE G ¥ AR T ¥z F

amy,
ol
=
Mok
=1

/\‘
BN
flm

BEITAUEEE P HE % o0 HoF T £ (2004 2 e )
h4~12 7 o

LRp e F R fodic £ (Balbontin 2005) o 5 %

R ER S s AR S
FoFaoR G R R ﬁk%ﬂ ° ﬁ#gz;%w % 2007 fr 2008 # ¥ #73F #0151
Bk ot BT IRFPLALT B OV F R (G52008) BBRYF &
PEGED AFHEFSFERRTMFE- HFH > LPERRT R
FRACF RARTE FEATE L D ERVER S M BH@m
78 Bew S o

o E - B B TIEE A AR 1R EE £ (20093 £,

P R o0 2008 17 22009 7 R HE- RaAHE S H

HoB IR oM a2 ROy W e - VRS 9B AR

177 L3227 B R X (Ferguson—Lees & Christie 2001) > r2 F &g
TR G S AR BT RS AR AR -

R >$==s 33#4

3.2.5 & Pl ‘miL

TrRPAATADELT LGN A ¥ - & B4 (Mebs & Schmidt
2000) ) & § A 2-6 BHF(CLF 34 B) TG 123 Fhd d o b KF
Ferd AATR A 42 X3Imme FIE23 X T - B - Tﬁfcﬂ
%zpfff—’ Flb— B A3E R o F 13RI 45 FT e 8 X0 T

AR AP A B oA L HERC) LT Y 2 B EE A
raph iBi‘“rp s PG AL AT 7 g B < s o Tt
o erF g‘g_‘%;'glsp EP

FRPALERAPY B 0 FIE R R B P ARITA TR E
ESER ’%%zf‘v T EAY L2 KR E R DREDE T B A2 X
42PN EFBARDY 2N A PRI VL RBY Y HEL =3 R 8T 17
K(F3EFE)FTHETAPERANISEH > 2 5 P RZH > FIP 7 - 2
g w2l NI F iERE )L FFREE ) SHE Ry Y

e
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L p F (38 2008) > Apde 2002 EAREE RORR o TP EFEA
3~4 B gl o SR FE S 5 100% (4R 2004) ©

e TR D rpE o mRd 225 AE FRAHITRIESSF S
PEE o % RALE B B AF TR 0 0p o 25 RS ST g g T e T
FHEGHEPFE - WRETRE AF ¥ ERFEAPLE 2T > &40
- EVRRAAGU I IFEFERSFES o2 T - A F LenfE

f%.’léf‘lkﬁ% 45}@“’1“"fr’l}]\?"mz\?‘%ﬂr‘ﬁpa—:_rﬁ’glﬁ’d‘a’;"rﬁ'més?
Eibp M ARG Ecr 1 % 5 L (Mebs & Schmidt 2006) -

7 MR T TR DR RE R RAS R o AEF DL s Tk
W P T 3526 % (25-28 * )(Sungei Buloh Wetlands Reserve 2010); /8 =
#2£.% 30 = (Ferguson-Lee & Christi 2001 ; Mebs & Schmidt 2006) ; § #F &
 ® R 30-33 % 0 5 P 30-35 % (Mebs & Schmidt 2006) © &£ & ¥ F
SR LR T 1908 % (25-30 % > n=3) > i T 530 % (25-35 % )(HE
2010) > & & F F ACEF fofh 2 B mit P X Fo MR A fof o aiit
2 FRAHEE -

2 B mit LR s A < LB F |
BB AN D0 5 K (5 812 7 & Db ¥ BEC 0 SR %
b A B T R AR (S 2009) 0 B2 3
éﬁ; o

3.2.6 PpiA 1

o RPEE R4y 22~ 0 h 2 Fé.“ﬁw:*\ﬁ T Ak o ML LT IEMD
L FAP I KSR T HS oL YR RIPFE AR L
TR IES oS S RALR D RERE o U Rehr RFES40R
BB h % pl-Ach 4 SASRE (R 2009) 0 # B AL o vpE W
Y A L *%#ﬂ ; ZE:% FRAR % & i B ApST L > 7
HOWI T III R HREHAF 108 T AR s L HERR 34
FIRLEE b @ﬁ%#ég’dzgwé%@%ﬁ’ﬁwﬁﬁ%m?#
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Eﬁx Fm}?i“lj/“/?’ﬂ'?‘ % 2 4'”@ ifiyﬁffﬁu?‘iﬁ;“"ﬁ —E?‘ 47 5 AR R i ViTEERR T Q)’_E'_ﬁl.
mm&é%%~ﬁ’&é%*ﬁ$~%%% bz bR ARAEY - F 2

-
o ey - Bl B4R Y - § (Ferguson-Lees & Christie 2001) »

3.2.7 % K #ic
é%éé%%mpxwéoé%ﬁ““’awuiam%ﬁﬂw’%
AR T IR ITER CAEAD RS P L F N LT R RS &
otk bR AR ELHE MR L HFN R h R R
EEpER L a5 Bk SEMFSERBR IR OB EHITH G 2 K
Foodd o @ gl BB iwid- #ﬁ %géﬂﬁﬁﬁ@’ﬁkﬁﬁ
R %TZ‘“ PR el s § B ah=tlic % b2 2 5l FIMES $p
¢ ehis % F FRAL{T % (Bustamante 1993) iv 3;%% B ﬁf’%’?% K ITH L
ﬂﬁiﬁéA%a#wﬂﬁ%ﬁaé@%%m%°

3.2.8 & H Hios

FREZPEFLES A VERIPFEH . FRE D EHEEHG A
PLEHFHE > ABERG B F68T 9B NETENIET 6
&%%%%ﬁpﬁﬁﬁ’%Qﬁﬁﬁwéﬁﬁﬁﬁ’$5*
T ﬂﬁmyz%ﬁ“&“‘gfﬁ'—}iﬁ‘ﬁoB@%ﬁz%ﬁﬁﬂﬁﬂiﬁ
RS- SR CRETTE Bl RAE RS F BRI
5 SN Fé.&ﬂ'l*v?iééé%lflli\ EFE M RERBORRRLER o B2
PR Reph FIEReT BT AN 0 R TR RS ER 0l i
Mo FEIERERAP MR RN T o B f S H A R P T
Efcv R4 A 43 B p;lgrs 4 B8 (3% 2008) -

332y I Y
330 £ A4 5
FRYILTACH A ORRE L 2GR X F AT R
P ek b o 2R M R A< ¥ R (savannah) ~ 52 ¥ R (steppe) ~ X
(semi-desert)f"v A ;Z; A Ad LT i B P % (Mebs & Schmidt 2006) - £
AR AT UL B AGFRLEOE RS Ao F] B RE A
FI* FER S PR AR PR OSGRAIRE R E c BRI & NI AT

[N
V)i
F
Rl
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BA AT ERALTMNT U BTG P 3000m e bldod P BRI ZE
L ERE AL E PR (X g )% (Krishna 1979 5 Ganguli-Lachungpa
1990 ; Choudhury 1996) -

332 L ERES

BEMEr EHAP Y SHPERPF LR ELF Ry 2450 > 22
HAf A8 Bl AFR Z A(SRAATIVES SR R4
e mwylmwikﬁuiﬁiﬁﬁﬁwéhw;ﬁ*ﬁﬁﬁméﬁiﬁ$
2004) 5 E &> T AHT 7 BRI A b B RAEEERERE K
(5% 2008) > & 3541 & Eo(Leucaena leucocephala (Lam.) de Wit) ~ 3 J}‘%‘-J(Ficus
microcarpa L. f.) ~ | & & ¥4’ (Araucaria heterophylla (Salisb.) Franco) -
¥ 1§ =(Terminalia mantalyi H. Perrier) ~ fgAH(Broussonetia papyrifera (L.)
L'Herit. ex Vent.) ~ §| ¥ (Erythrina variegata L.) ~ % 75 (Bambusa oldhamii
Munro) ~ B # (Cordia dichotoma Forst. f.) ~ #3+ #H Cocos nucifera L.) ~ & %
B R Y (Muntingia calabura L.) ~ ¥ ~ 3 /%4’ (Araucaria cunninghamii D.
Don) ~ 2 4% #H(Alstonia scholaris (L.) R. Br.)& 13 f&11 + o $3 5 & cvf | *
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14.7%, median 88.0%, range 42.7-100%) ~ 5m % % & (52.3+15.7%, median
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# i ¥ oKt ¥R N P-value®
5 % (m) 9.6 +3.8 - 38 -
BE 3 §7(m) 0.7+1.1 - 38 -
PR 2-3 & - 38 -
5 At A% (m) 12.7+3.8 11.1+4.9 38 0.081
% % /= (cm) 38.8+12.9 37.8 +18.6 38 0.79
B £ (%) 82.7+14.7 70.6 +23.3 38 0.02*
B £ (%) 523+15.7 35.6 +22.4 38 <0.001***
£ # (m) 73+22 5.8+3.0 38 <0.001***
Vi) &~ % B (¥ /ha) 13.7+£27.0 6.9+ 8.6 36 0.447
T 3of 3 (m) 12.7+3.8 11.1+4.9 38 0.994
A5 A () 7.6 6.4 <0.001***
R E (%) 8.2+7.3 6.6+9.2 38 0.081
(%) 13.6 +24.1 27.4+28.4 38 0.025*
kR E®) 22465 44+94 38 0.234
¥ RE®%) 84.3 +25.8 68.8 + 28.6 38 0.837
E#¥  TgEm) 136.6 + 88.2 74.4 +10.8 38 0.003**
53T 4 (m) 10.9£22.1 10.8 +42.0 38 0.306
B3k i (m) 28.7 +44.7 20.5 +36.4 38 0.234
52§ (m) 361.8+212.7 306.8 +238.8 38 0.088

P value of Wilcoxon signed-rank test

* P value is statistically significant ;

%
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%IJ’B‘

** P value is very significant ;

m
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R EE G2 A kG
BEHBE B THRHE L @ﬁgﬁ,ﬁ‘ %I93 Ezbﬁ,%%,p F:"‘;iaﬁl
(N=31) > @ HF+ @& &2 7 Tk cnft» #ic & (N=33) % & ¥
G2 300m T oo BT oG~
%%%%%éﬁ%%g¢ﬁ¥iﬂma@,
A B (N=33)4 ¥ % 4+ R 2 (N=30)

**%* P value is extremely significant
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PRI HHIDI AAHRLET &P%'ia“i(N =26) > >INt B & A

e copt A icE (N=30)% ¥ 7 B (N=30) (% 12) -

344

2 12, £ em=30) 2 HBEOM=3D)iHLr EIF R TR R

RN TR
150m P-value” 300m” P-value” 500m P-value”
il HRE iirle Hplke il HpRlke

] 44.50%  8.70%  0.0017  38.10% 7.00% <0.001"" 28.60% 1.80% <0.001""
B 14.00%  44.70% <0.001"" 18.10% 47.00% <0.001"" 23.80% 49.10% <0.001""
S 30.60% 22.20%  0.786  27.90% 20.60%  0.749  26.50% 20.30%  0.438
o is 0.60%  2.40% 0214  1.60% 1.40%  0.793 1.80% 1.10%  0.415
i 220%  0.70%  0.878  250% 220% 0229  3.70% 230%  0.0417
R - - None  0.70% 030% 0278  1.10% - 0.163
& 4 520%  13.30%  0.0057  6.20% 13.10%  0.0097  8.10% 15.30%  0.0117
4% 0.10%  3.30%  0.002”  0.30% 3.60% <0.001"" 2.70% 4.50%  0.064
vitil - 020%  None  0.30% 0.60%  0.097  0.60% 0.70%  0.555
4 & i B 2.80%  4.40%  0.103  3.30% 4.00%  0.532  3.40% 3.90%  0.357
R - S 19.6 37.6  <0.001""  66.5 119.6  <0.001"" 183.8 302 <0.0017"
LE Y
Km) 4.8 7.8 <0.001 19.3 29.0  <0.001 56.8 78.5  <0.001
HHA i E 14.27 4.46 0.01° 21.73 5.84 0.03" 25.46 8.01 0.04
* TRELAE A i
. 11.55 331  <0.001 1410 207  <0.001 17.03 341  <0.001

SHEBMH) 067 099  0.001"  0.99 1.13 0.085 1.27 1.18 0.234
EX-RED: () 0.49 0.59 0.036° 0.54 0.59 0.271 0.6 0.58 0.406

" P value of Mann-Whitney U test
* P value is statistically significant ; ** P value is very significant
- measurement is lower than 0.01 %

; *¥** P yalue is extremely significant
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" P value of Mann-Whitney U test
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Node 0
i| __Category % n
ro----- | || 84.9 1542 |
L E "= 69 128
| W L 51 93|
| B W g 30 55|
R | Tow 10001816
T S — | ___________ T
YT
Improvement=0.025
T i
Node 1 Node 2
Category % n Category % n
L E 3 90.5 1386 LE 3 547 156
55 48 74 B 182 52
W gy 20 30 LR 221 63
W g 27 41 W 49 14
Total 84.3 1531 Total 15.7 285
| = | E
T-EER TR
Improvem‘ent=9.012 Improvem‘em=01009
| |
P25 BB SE NVEE, REE KEE, R, KEHEAEE FH BRELRE /NEE, N IR, Rk
HHERb HE L SR T BRI |
Node 3 Node 4 Node 5 Node 6
Category % n Category % n Category % n Category % n
LE 3 59.7 86 LK 93.7 1300 LR 833 75 LE 3 415 81
L 104 15 LS 43 59 S, 33 3 EAL 251 49
W he 104 15 W jage 1.1 15 LR 5 100 9 W gehe 27.7 54
ol = 194 28 bl 55 09 13 W e 33 3 el 2 56 11
Total 79 144 Total 76.4 1387 Total 50 90 Total 10.7 195
[ B | E
L PR
Improvem|ent=0.008 Improvem|ent=0.005
<= 12}2.500 > 12%500 <= 11:6.{100 > 11[%‘).000
Node 7 Node 8 Node 9 Node 10
Category % n Category % n Category % n Category % n
W g 271 18| |M4E 824 70 [ T 445 61| |Mm 345 20
Fieny 237 14 Ltsn 12 1 Fisny 131 18 B 534 31
W g p 169 10| |M g 59 5 W gy 358 49| (Mg 86 5
W gk 322 19| |MEE 106 9 L n 66 9| |Mpt 34 2
Total 32 59 Total 47 85 Total 75 137 Total 32 58

B 20. 22 f -+ 3@ 5 Jbh CART 4» 15 55K B
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115 BRYEGEF - AR A RIEREN G &N 6
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