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Understanding mechanisms of species coexistence is one of the most
important themes in community ecology. Spatial distributions of plants
have been widely applied to explain the theories of species coexistence.
Previous studies, however, have emphasized differences in species
abundance. Only few studies have documented spatial patterns of plant
functional traits and link trait distributions with spatial variability in
resource acquisition among coexisting species. Two hypotheses, habitat
filtering and limiting similarity hypotheses, are proposed to explain the
spatial pattern of functional traits for coexisting species. In this study;, |
used a trait-based approach to investigate whether the habitat filtering
process occurs in a spatially heterogeneous forest in Taiwan. Three
predictions were examined in this study. First, there is spatial
autocorrelation of leaf functional traits. Second, plant functional traits
within a habitat are similar and differ from random combinations. Third,
the distributions of functional traits are correlated with environmental
factors. This study was carried out in the 25 hectare of the Lienhuachih
Forest Dynamics Plot. For each woody species, three leaves of the six
smallest individuals were collected. Six leaf functional traits were
measured, including specific leaf area (SLA), leaf thickness (TH), leaf
dry matter content (LDMC), leaf area (LA), carbon to nitrogen ratio (C/N)
and nitrogen to phosphorus ratio (N/P). Global Moran’s I was used to
detect spatial autocorrelation of leaf functional traits and permutation
tests were applied determine if the distribution of functional traits deviate
from randomness. From February 2009 to February 2011, 2396 leaves
samples from 828 small individuals of 130 species were collected. The
results indicated that the detectable spatial patterns exist for six leaf traits,
and spatial autocorrelation occurs at spatial scales of 21.5 - 72.4 m. Such
spatial patterns were significantly different from the random
combinations. Finally, our GLS models (generalized least squares
regressions) showed that leaf functional traits were significantly
correlated with topographic and soil factors. Our analyses suggested the
importance of environment filtering in the Lienhuachih forest. In the
future, phylogenetic relationships among species may be added in the
analysis to further explore mechanisms of species coexistence in the
Lienhuachih forest.
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AR SRR AR RS AR R T
TERFEEY BFFRABFBLY ARG ORE AL A 3R
Fla & i a2 B - BER IRRAE T X R Bk 2 BB R
K ol i TS KRR AT Ak AR 5 o] (Wright 2002,
Silvertown 2004 ) - € & ch& G383 42 ¢ 4 T 8 & i (Harmsetal.
2001 )~ ¥ & -+ #§ i3 (Connell 1978 )~ % & 1% (Janzen 1970, Connell
1971) 2 ¢ (3235 (Hubell 2001) % o iz B4 47 B 4 ek k

FAPF AL T B RE A TE L VBERRAEF BHFAL G BF
4 fi ¥ (ecological niches) » #f& A #"E X R B @ T R 2LAE S
/% (Harmsetal. 2001) - » & F B AIZRE P RARR O+ 3F > @
(A G ﬁ”iﬁ%ﬁf Niwg o BEHEEIAIPFPAYSA
(Connell 1978) - & & #] X »< & B F,u;;}gs Rz el a b H
R ARFIH A WFEF L ) Fla BEE S f8 X 5 (Janzen 1970,
Connell 1971 ) -

FRZEATE RgRl P EOi Al 2% Y TR
H5% (spatial point pattern) % 4& iz 5 B & # 25 = 2_ #% 4] (He et al. 1997,
Condit et al. 2000, Engelbrecht et al. 2007, Lin et al. 2011 ) - # &] % 3 >
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Ve 4 73 Wk (Engelbrecht et al. 2007 ) o ]t » 4 A & 7 B d1 05
fo FFHCG AA#H T 7 22 (trait-based approach ) > 5 Fi% 4
1 37T (Diaz et al. 1998, Violle et al. 2007 ) -

WP » i G AT 20 AR P m‘«f\%’ﬁfﬁ' P ¥ e F D
A SRR E che A (Diaz et al. 1998, Violle et al. 2007 ) » &
PHAEE R - HER LTS A G4 £ 2 B R & (fitness)
FM2 P & ZA P 2 2 s (Violleetal. 2007) > 7
S P A AE R AT R A e end 5 vk (Westoby et al.
2002) - &+ H & (seed mass, SM) ¥+ 48+ @ 3f: BT fr &4k L #7

7 M w ff(specific leaf area, SLA )£2 48 47 ek & 15 * i 5 (Reich
etal. 1998) & it 4p B > B2 e 4 chd £ o ¥ *b > & F % A (wood density,
WD) #8qe 2 L34 242 5= F4p i (Poorteretal 2008) -
A T o i w8 B e i (trade-off) A-Tqede2 2 15 g -
blde: e B APEEL L3 ERFRE mEr At LR g

FFE o TP BB PRy o itd EhH i P 2 B
T RBPPFAE FEH {wFRIEFETEREORERE o

o5 ¥ 33247 > kB &iE B (habitat filtering hypothesis) %
B 4p 2t (limiting similarity hypothesis) ¥ €33 t#% % 314
2B BB FE BRI X G S5 A 0w R B T
SHRBEEDEY 5 L5 RBRE P T B T

(Keddy 1992) - # 5k » 2 E2 WA a > e HR P > B
(Quercus) enz B A F'EF A7 kB~ 202 VL FHERB T
G NI KERB IV BREOEME L L
3 ] ant E 6 ff (Cavender-Bares et al. 2004 ) -
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B B ARE AR D0 0 RS R F R e A A J9 £ 5 (Stubbs and
Wilson 2004 ) -

BE 2P O TREL G E BRI S AR TE RSO & 4 REA

HERBMT N A AR L soy (Uriarteetal. 2010) - £ 2 > &
RAPZFRRZT ORBEHFECRAMNERI A RN E R
(Dmzetal 1998, Legendre etal. 2009) > @ ¥ » X 4 &% £ 49
SR R Fr e BET VAL GBI B G E eniTr o @ Ty U RTRBIE 2
2FEFH NS 1A 57 ok (Dizetal 1998) - i3 v)}%
ﬁm’%ﬁ E s b A R AL F RE R P

% (Diazetal. 1998, Ackerly et al. 2002 ) > # 1748 4 7% it 3 Hc2
ATHAEBEETFF TG LE PR R RORF EHE T FRET
Ptk Pl WA T Stk a B3 Mo i A T R T
o B R R 8 (Maharjanetal. 2011) » F)t 0 £ 5 IR W E R
EH RO H AP ATV s s B RN BRRITE 3
BEA R FAEFRFIPMILE F 2 G ApAhE G AL
A HC AR M -

",f ezt s iE 3 2 L;HIJ * 5 R aF kA (convex hull
volume of functional traits)) 4 > & i* = FH fs i Ficnix & %
. (Cornwell etal. 2006 ) o & #-p R ¢ fe 4 F R 2 7 0 FHc M &
"L P B A PO FIRBLR O HE R g ] g
BB A e & > & E G5 A ans i Bodp i (Cornwell et al. 2006 ) -
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B N7 g P cfrd £ R 1 TG ik g TE i
Z (Wrightetal. 2001) 52 ;< et 33§ & * 5 Bcefe o 4 £ > frag =
FPRAREARF RBEEREOT AL UG AL G ARBEE

LA E e ffeooaisd A1 7 3 (Klooster et al. 2007 ) © 4

PORBEFARZZF AT 2 E LT TIEAP L RSB RES HR
B %]+ kxR (Lavorel and Garnier 2002 ) -

Mn;g SATES R B R RITR FE A &
TEAVEG BABRE R TROEES Sk Az BIgR (1)
EXaFEFHFOZIEpAPM 0 (2) 23 M B0 e X225
Wb EraFi THOEHF RPLPELET FR ] 0EPH(3)

% tEin

KA e R A mEES AHBEERTES (B- )

PR T PRERERTIEE S T P A (237547497N,
120°52°43"E) e e % P 7 AT w FRES FL L LS o BRBFAAN
667 ¢ 3 845 N B (Bl- )e RBHEES TP o F % Tl
A B 0 R RhESE 5 208°Co # Tk g 5 252C (- ¥
) ETIaE R L 14.8°C (- " i) E¥a $ L 22850 2 K o
LHRER
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- A

e G AR NT T RIL Y B 3
£ -3 100 28 )0 &3 B F hizia % 4 % (Changetal.
2010) -



EES AHEEHE2007 & 10 P %3 - RE T AL 5 500
2% oL 25 2F (B- ) 2007 & 10 * 1 2008 & 7 * B =
XE AA A N EF B S (diameter bread height, DBH) =+ 3+ & %
Wlasnubtorhifg bR A5 ABARFHT KRN LT
153268 # 4 > A § 39 * 86 2. 144 # 4 (Chang et al. 2010 )- # ¢
rHfL (Lauraceae ) ~ 3L 4 (Fagaceae) % 7 % 4% (Rubiaceae) #
5 B% 1 % F 4 5 F & #+(Randia cochinchinensis )~ 4p # 4 ( Blastus
cochinchinensis )~ #g % & ( Schefflera octophylla ){r & #.4£( Cryptocarya

chinensis ) o

E# N FEsi 3

T a P P 2 A R R ES k45 ¢ (Central for
Tropical Forest Science, CTFS) e 47 7 it 3P~ 28 Em &k (%
- ) HAHEEFSHFLEERFRZ A5 2 BERS B L9
fedo ISR 5 BRY T B EZ PR R EOBE
(¢ zEWw ) HFEIEFECLF ’%2Eﬁ#ﬁ UEZR o
FAHEFE MNEETTLEE L ER RO HBHOG T
BEOE PRI FRQERERDE A2 L o BEERSA0 P K=
BE G EMF #2029 8 2L FE o m M FH10-19 8 o g 1L E
(- ) WA EXE - FELE 7 AP T OES - B2 5
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leaf area, SLA, cm?/g) ~ ¥ iz 4~ # 7z £ (leaf dry matter content, LDMC,
glcm?)~ £ & & (leaf thickness, TH, mm )~ ¥ & ## (leaf area, LA, cm? )~
B % ¢ (carbon to nitrogen ratio, C/N) 2 2 § g%+* (nitrogen to
phosphorus ratio, N/P) o 3 7 Bl & & S Z FF BB (7 ¢ 5 L 5 EFAT
EERIEEHFE -BREEGHM LR 0§ Bdca s RIEHET
TOTRAEF 2 FEALT o R EZRHFE CEo L
LRI EVERHRERLSF T ERAF (- )
EF2ZRIEHILT

EER
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AT LR R (FEFARE FPES L EBe B EE Y E
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ﬁ%ﬁaﬁﬁiﬁﬁiﬁ&ﬁ’ﬂﬁ&ﬁ%u
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1: 1’f‘—"1 125 R RS ;l;gfr'jz;\;,
v g TR R R -

IRRFAFATERT
1% 1 354 jzuei2 (Dry combustion Method ) & # § 1 {+£ 5 #

o B AF A RPIEIEP FPRAEZF AR LR -

EE S8 D
TR AT AT A B de & o/ P41 Mehlich-3 solution

method (& = 5. = 5.2 ) B8 o

EF SILd a4
%iB A = >4 72 (principal component analysis, PCA) #-12 i
dEREG A2 NBRRRLTAA S kA L2 AT R S
(Legendre and Legendre 1998 ) » B~mi % 1 4 = i» &k X & 2 3 7] >
H 28 4 (explanatory power) i 68.5% (*if4k= ) 2 4o iy

5 -
2 f i tade (loading) 143+ $.% (0.30) £ %7 fAE ~ % (47

B APET M WS T RS ) B LR
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FHA
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TR (e ) ERNIRNERFTANGE AN - L2 P o B
B N AP NPT BRI L
EEToES 1 Tm, 2 e85 BHR>IP L E#A (v Ea
B ERPr P2 EEAR Edf mE 2 )2 THE (Y
TR X AT R ERE N oip R R (relative

abundance )> &% B NI BE T o G Fehg B A F TL B
BARAR A E R ff BT S AR A A G AO o M
Tiaf s PR LS N T gl s ade i B e T E
Sedho R U il T 20mX20m S At E i T
R oI 2 Rpend PR L3R Ee FTOESHS ] FH 2D 2

FHRRE G LB 2 FA TR

EAn HELTE MR
EBBGER T RTFREANERE T EEIT AN o
¥ Echz BPEH ohip B iR
#w (Moran’s 1) § * kigRlz B p Ap M 1L ondpdic > 2 RigiRIHF K7
o oA A g0 A s E_ 253 (Global Moran’s 1) - % # 3] (Local

TREPAAMS - ZRE & W

Moran’s 1) # f& (Moran 1950) » H ¢ 2 4 3 iy fic 4y i X 7k
G B as TR FIETEE g R T e AL 4T RIERES
EEE R RRIERN EX kL R AT 2B

B B dpdieh e

n y Diz1 D=1 Wij(x; — f)(xj ~ %)
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HeY s X2 2FE A 128 bldc B3 12 FE#H 0 FicE 'n 2
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P ZRFE 2 B (625 BHRGE)WjiEF-BzRE~T &3
EH A j2 Benz BApas4c 8@ > Wij A0 0F 12> £ 147
G- o ;u,é?}ifﬁ}fk‘i ° }_ié'b‘_ifﬁa‘ﬁﬁtﬁ%? o I I A - Y
E gl 0 R R APM > A ERAE DR R F R e n ¥ S
FEAEARIT B AP ¥ AR P EMBEL T APE B
iﬁ%’ﬁfﬂ‘#ﬁ&’]‘ 0 G AARR o A ERFAE DR R IR
bom o] o FEMARIT ) EH A BHER L AP AR EME
ﬁ@#°5”’%ﬁ&i*Oﬁ’Wﬁ%&ﬁ%ﬂﬁﬁ@ﬁﬁg@,
ERHMEEEWALA T o AT A1 7 B A 4722 52t it GeoDa
(Anselinetal. 2006 ) » &7 ¥ 5 sc iz Z P /BB A 47 o

L ga

FEA AL I EFOIF M B LRE2
(semivariograms) * kipit &L B 2 EH n HFACE AT R P $ B
R T P daedid 2 pARR O R o X RR A = B
ta s (Blz ) Al EFHgEE (still) s #2588 F (range) fomiox

B (nuggeteffect) o # L LB & » N4 3 B2 FFohE & i F A%

#p 02 > % B ] (McBratney and Webster 1986 )« £ 2. » X % B #icc >
RAd R e A2 4pin o B < 5 ¥ SRR X D|pEd
PR TSR L P erpedi 4 LR B BWETL R o F IR
WERBERPF XRE BRIV E AR ZFRZF AP

Blenis fo ¥ vh o Azt 0 2 BHOVRIGE AR BoHO B e

A TR feys o ) 2L T2 e (sum of squared errors) 3k | #7%

- A R BE DA MR A T oz fi5Y 0 1T G

B end B B #7550 (Bivand etal. 2008 ) o gt 4 4541 * At f R 7

(R Development Core Team 2009 ) i fiz & sp = gstat £z ;¢ :& {7 L %
11



RiEotr GEEHA N TFpipk 2 B (Pebesma2004) -

- T

Fl* 3 %iﬁiﬁfﬁ#(multivariable regression tree, MRT ) 1245 3 5t
EEE e SRR TR A D iR A B G AR e S D
ﬁi‘;’%’i’%ﬁi"’ Tk B E 12 4 B (De'ath2002) - &4~ 47¥ > p %¥c i

BFF (e300~ hE S HE - He s 3HEE - 31 20
ME IS - AR ) FREKS RS el e EmE LT o
PREAZEFRT OERRM 625 B 20mx20m kG E A2 il
gl (RBlz ~Ble ) &4 974 245 f8cs %) 5 206 # ~ 250
2100 4 ~ 69 2 o H - K AFETF)F S A E - 4 2> (1.603)
¥ kAT F e n G Y - A2 FF (0178) frw b R
(2.602 2% ) (M=) 23EH - 1 2] 0.178 chif = Bt
BA- 5 3EH - AR AR EA 01780 )3 1.603 ek 2
VR Y - RlE S AR E 16030 T oW LB K

2602 = = R BT EFEAZ A E S - A A A3 01603

- .

T LR AR 2602 2 ¢ RS Bt e e (FZ )

EFEET
F1* €45 # 74 ®52 (permutation test) &P 7 e 2- F # i
PR T Y RPEA B el RRFRERERFFEF RS L ST
Fried 253 £ LEAF RSNG4 N M AP L &
(null model ) » i/ v fpip| B2 E 2 i F A 2 hapi e g o
EAFEIR Y 0 50 RBIRE & E 2k 0 Bk & S B R
TR EGHFBOES AL TR ST o 4T ;}fg—g— 0N ek
(Kraftetal. 2008) » & JE 44> p #»f6 % F & (species richness) %]
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RIS L S B s

Lot HBE- Fx o

i P dise s o ¥ Pog
Bl - e N nE A E T e R
Bk - e P EA LR RTIIEERER L i e & (4
Yo TIE 2 e AP AR T BB EE & 95% I R
o e ) E L TR e s (M) HE R
P BELEE )T 5% HE W P2 T L AR

3
*il

o

4’3‘
R

NSE ‘”

T\

ES
(i

e g H K
RRIFE R - 2

(w

Er B BREBL A ses (FI)-

e
=

iy Bz F A AEREF]F Y
EH AR 2B et BT+ 2 Fahf 2o 1% B & | T

<R bF (generalized least squares regressions, GLS ) * & %_

( Schabenberger and Gotway 2005 ) » B & # |- T & & B3R R
ETT? (linear regressions ) > # F 3 #3345 L 5 4pBE - 277 ¢ > &
G2 BEGZEpARM > X2 R A o Flpt o AP Y aRE R
R AEF T BAPMA 0 A WA dp ] 3 AP B

(exponential spatial correlation) 22 zkw 3| 3 B 4p k# (spherical spatial

correlation) - A& & & /] T = i&&ﬁs‘v‘ 1 p % #i (independent variables )
ES ¥ r]o—}-’Ag\E,IJﬁiqu]//qﬁ\\'ln[n_,fﬁ ~ B R iira"“li,%’f%"l‘%\'

ez 33y - 4> Fl% 8k (dependant variables) & & 2 2

fé%fé b«fjf,{y{lﬁ o f‘l‘ ;i—}'j" bill'ji‘,{y{/éa\ V'JJ}\;:' GLS ’}’_g__ X, T'}CEB’\E,

7 B] Akaike ;1 & 45 ¥ (Akaike’s information criterion, AIC) &5

% B & #3% (Burnham and Anderson 2002 ) » ¢ 4 4512 R 2. nlme #2;%

iz {7 (Pinheiroetal.2011) -
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5 ob g B oonpERY S 2009 # 3 2011 E - 4R 0 £ BT 130 48
828 1| #H1B 48 » 105 48 395 th + HHiE 48 > £ 3577 #EF > H ¢ 2306
Bk p ol ABAE 1181 ¥ ok p < BB o & A T Bk i 9 B
pOAESRAESVEFE(VCEIGHE EER FicF T E
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PR ABHEE FED o A AR P AT 23144 BfE
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ER AL IRAT
1220mx20m k2 2 E A T eE
Mot 2 F R F b AR > 38 H 05 i i (B
A ) A FNERRF RS (LWEF Ao FRILF ) HE G
BEF R E FERCDELRR-ECFTZE (B ) F
2o R RRMGR S (W R o AR ) B E S
LA Eaf o R PERRfERFTZE (B )
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(W= ) e

kg oo EH NP

ER N BELITAMB T
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24 =% (22 ) AP NEREROTE AP = RS 0 § g0
FEpAPM R -

e pEH RS EE

LR R A E S N EAE S (2 ) B EE
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HEAIFEL 2 Eo fRELATLPME A ERP T
Eof~md v Empt > Ao FaFL4Rd (22 )

TP Uz oy P ES N FRDTE AT 2N
Bene L4 3R ik A E E i g i RE (B
B4 )e 2 AP £ L Pl T2 - g w sz E4
BEVEG AREFUL L ESHCELR CERPTIEE
R pE V2 BRIES S e s B ERY (BN ) &
BAEAZ hE G BRI E ol A - PORE V2 BRI EE &
BWNGEHEHFREPN o Rd > v figy o

i
B E A A GRS A R AT ()

W

B 5 05 % T FR



Er i P BRI RRIESY Har BELFAR - BE
i A BRI A R [ 950612 #F 20 T T 0 4 7 3 BLIB[IEE
Ao prdpe s > P EEY (B4 )eri- b S E# A - 2 Fig

PEZE ARBEE T ABNTEREN - 4 B EFY o

ER N BELIFATRRETIH %
%ﬁjlw‘wiﬁ‘i%&"r’:E-Iésb«‘f‘*ﬁ{m;r_ T wBBE TS

m

SEFMG (L2 ) b Y VEIF CEER - ERP T
SEEe BRI EREEMN 23 BRETFI AL L AR W

fifi"’t"liﬁ a R (I\Q’f) ;Emifa fr“ﬂ{'ﬂii B3R

>
W

A REREFEM G o Ea FEEG ol kBT

)4
5
Eo

FEF R A ER P TR ERATERET S R ApM (£

) fRA o B F R AT el TS L EEFAAM (L2 )

it

Ep b iR ES A SR O Ee A ERE S E0 s

Il (R

e

CEGACME 2 DY) LG ZF AN T Ak aE T
EH R Y B et R N Bk TEAT

FEREFAM A o2 i AAR R S H RS

fe

e

A

%
i
ﬂ 3

=

.
= X

l}‘]

LA ESBEERERN o

44
b
i

EE KRR GERT

BB R E RN a2 R 2B Atk
iz o Kraft & £ (2008) 458t > - B A5 &btk wp - R
P PRI RREEAT & 3P AE S 0 F A g ot

(S
e

(i
*&_

BREEAFTFTLAIHEEFNF P 2 GE TR o bl4o 2 £

16



WLF RSP BLE IR EGFIELER cF 20 4 B5WNES R
dHEF B G E e o] £EER o
LHRFVRGEE PG R 2 3R A - o
Ao hEFHrACEe F Lo Lo A e Al dE Y -
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2008)c AF S APPSR BT L 20m X 20 m o e HRE TLAR 12 ch
o AMraES N FEERELT oA  BBROTHEIREIE
BRI kende B £ Bl Re # oo Kraft & 4 5083 & Rp o f8
PRz R RETRASPAE TV FRERGFE T A
oA BT R (25m?- 10000 m?) s & B AR IR BT Bt AR ¥
fol i e B (25mP-400m®) T (Kraft and Ackerly 2010) - 4& i8]
Fo FI¥F me A d MR F]F N E DT BRI L ) R RER
DA R RT GBS DL G F s R

19



B R2ZT o BRBAOGE S PR F AT T S LR
AT RGO BRI e F 0t 0 @ 5P BB
AR EVRESAE S TG M Ft o Rz PR R &
PRI B P AE TR PR R FRI P IS S AR
e fa R A Al R R AR LT > R G A B e
BB AP o

Mmoo T 2E P G FHCNR R Y T ARRB P TR o e
PRV AR SR R B RG M R g RT o AT

F A4 i end g4 (Wiens and Graham 2005) » i {8 {547 7 i
FHcE 3 B ohik = 2 (trait conservatism) o w0 A BT dp 01 0 K -
P e B E MM L g e & (Webb 2000) - #
WA TR A R EEHLAP AT ORHEE § AP e e A B Bl
Fa+ BRI g i 2 BT 0 N H e e 2 A B AR 0 e
R AP IRG P EEA R FARZAGH G &Y gAT BT

199 0 RRT M fE2 BGR Tt r a7 o
FEL L & B 8- RRRIRITEES KRR P P S T O

20



S
A R TR E R RS KRR S T B
2o BEEFATHEEF AR FOFA) 0 T - BRI A

%Ff;}g,«fuj’a iﬂ’a

CAPREE S KRR F RS RRGF LA R A 2 R
P RFEF AT % Rk

CERT R AT RGN GE B e A0 0 LA A2
3 LSRRt o

21



5l # é}lflc-

thizd 20100 £ D5 S EREHREDF LR RIELT2Z2F
$3 R AR AFAFFTRAELERLECT A L% o

F AR HRE - fle S B4 0 2010 0 IR E A S 0 F &
FEZ G o SRR LBy s 8 49:19-25 -

Ackerly, D. D., C. A. Knight, S. B. Weiss, K. Barton, and K. P. Starmer.
2002. Leaf size, specific leaf area and microhabitat distribution of
chaparral woody plants: contrasting patterns in species level and
community level analyses. Oecologia 130:449-457.

Anselin, L., I. Syabri, and Y. Kho. 2006. GeoDa: An Introduction to
Spatial Data Analysis. Geographical Analysis 38:5-22.

Bivand, R. S., E. J. Pebesma, and V. GAmez-Rubio. 2008. Applied spatial
data analysis with R. Springer, Heidelberg, New York, USA.

Burnham, K. P. and D. R. Anderson. 2002. Model selection and
multimodel inference: a practical information-theoretic approach,
2nd ed. SpringerVerlag, New York, USA.

Cavender-Bares, J., K. Kitajima, and F. A. Bazzaz. 2004. Multiple trait
associations in relation to habitat differentiation among 17 oak
species in North Central Florida. Ecological Monographs
74:635-662.

Chang, L. W.,, J. L. Hwong, S. T. Chiu, H. H. Wang, K. C. Yang, H. Y.
Chang, and C. F. Hsieh. 2010. Species composition, size-class
structure, and diversity of the Lienhuachin Forest Dynamics Plot in
a subtropical evergreen broad-leaved forest in central Taiwan.
Taiwan Journal of Forest Science 25:81-95.

Condit, R., P. Baker, S. Bunyavejchewin, S. Gunatilleke, N. Gunatilleke,
S. P. Hubbell, R. B. Foster, A. Itoh, J. V. LaFrankie, H. S. Lee, E.

22



Losos, N. Manokaran, R. Sukumar, and T. Yamakura. 2000. Spatial
patterns in the distribution of tropical tree species. Science
288:1414-1418

Connell, J. H. 1971. On the role of natural enemies in preventing
competitive exclusion in some marine animals and in rain forest
trees. In: Dynamics of Population. Ed. P.J. Den Boer and G.R.
Gradwell. Wageningen.

Connell, J. H. 1978. Diversity in tropical rain forests and coral reefs,
Science 199:1302-1310.

Cornelissen, J. H. C., S. Lavorel, E. Garnier, S. Diaz, N. Buchmann, D. E.
Gurvich, P. B. Reich, H. t. Steege, H. D. Morgan, M. G. A. v. d.
Heijden, J. G. Pausas, and H. Poorter. 2003. A handbook of
protocols for standardised and easy measurement of plant
functional traits worldwide. Australian Journal of Botany
51:335-380.

Cornwell, W. K. and D. D. Ackerly. 2009. Community assembly and
shifts in plant trait distributions across an environmental gradient in
coastal California. Ecological Monographs 79:109-126.

Cornwell, W. K., D. W. Schwilk, and D. D. Ackerly. 2006. A trait-based
test for habitat filtering: convex hull volume. Ecology
87:1465-1471.

Diaz, S., M. Cabido, and F. Casanoves. 1998. Plant functional traits and
environmental filters at a regional scale. Journal of Vegetation.
Science 9:113-122.

Dahlgren, J. P., O. Eriksson, K. Bolmgren, M. Strindell, and J. Ehrlén.
2006. Specific leaf area as a superior predictor of changes in field
layer abundance during forest succession. Journal of \egetation
Science 17:557-582.

De'ath, G. 2002. Multivariate regression trees: a new technique for

23



modeling species-environment relationships. Ecology 83:
1105-1117.

Engelbrecht, B. M. J.,, L. S. Comita, R. Condit, T. A. Kursar, M. T. Tyree,
B. L. Turner, and S. P. Hubbell. 2007. Drought sensitivity shapes
species distribution patterns in tropical forests. Nature 447:80-83.

Han, W.,, J. Fang, D. Guo, and Y. Zhang. 2005. Leaf nitrogen and
phosphorus stoichiometry across 753 terrestrial plant species in
China. New Phytologist 168:377-385.

Harms, K. E., R. Condit, S. P. Hubbell, and F. R. B. 2001. Habitat
associations of trees and shrubs in a 50-ha neotropical forest plot.
Journal of Ecology 89:947-959.

He, F. L., P. Legendre, and J. V. LaFrankie. 1997. Distribution patterns of
tree species in a Malaysian tropical rain forest. Journal of
Vegetation Science 8:105-114.

Hubbell, S. P. 2001. The Unified Neutral Theory of Biodiversity and
Biogeography. Princeton University Press, Princeton, USA.
Janzen, D. H. 1970. Herbivores and the number of tree species in tropical

forests. American Naturalist 104:501-528.

Keddy, P. A. 1992. Assembly and response rules: two goals for predictive
community ecology. Journal of Vegetation Science 3:157-164.

Klooster, S. H. J. T., E. J. P. Thomas, and F. J. Sterck. 2007. Explaining
interspecific differences in sapling growth and shade tolerance in
temperate forests. Journal of Ecology 95:1250-1260.

Kraft, N. J. B. and D. D. Ackerly. 2010. Functional trait and phylogenetic
tests of community assembly across spatial scales in an Amazonian
forest. Ecological Monographs 80:401-422.

Kraft, N. J. B., R. Valencia, and D. D. Ackerly. 2008. Functional traits and
niche-based tree community assembly in an Amazonian forest.
Science 322:580-582.

24



Lavorel, S. and E. Garnier. 2002. Predicting changes in community
composition and ecosystem functioning from plant traits: revisiting
the Holy Grail. Functional Ecology 16:545-556.

Legendre, P. and L. Legendre. 1998. Numerical Ecology, 2nd ed. Elsevier
Science B.V., Amsterdam, The Netherlands.

Legendre, P., X. Mi, R. H., K. Ma, M. Yu, I. F. Sun, and F. He. 2009.
Partitioning beta diversity in a subtropical broad-leaved forest of
China. Ecology 90:663-674.

Lin, Y. C., L. W. Chang, K. C. Yang, H. H. Wang, and I. F. Sun. 2011,
Point patterns of tree distribution determined by habitat
heterogeneity and dispersal limitation. Oecologia 165:175-184.

Mabharjan, S. K., L. Poorter, M. Holmgren, F. Bongers, J. J. Wieringa, and
W. D. Hawthorne. 2011. Plant functional traits and the distribution
of West African rain forest trees along the rainfall gradient.
Biotropica 43:552-561.

McBratney, A. B. and R. Webster. 1986. Choosing functions for
semi-variograms of soil properties and fitting them to sampling
estimates. Journal of Soil Science 37:617-6309.

Moran, P. A. P. 1950. Notes on continuous stochastic phenomena.
Biometrika 37:17-23.

Ordofiez, J. C., P. M. Van Bodegom, J.-P. M. Writte, I. J. Wrght, P. B.
Reich, and R. Aerts. 2009. A Global study of relationships between
leaf traits, climate and soil measures of nutrient fertility. Global
Ecology and Biogeography 18:137-149.

Pebesma, E. J. 2004. Multivariable geostatistics in S: the gstat package.
Computers and Geosciences 30:683-691.

Pinheiro, J., D. Bates, S. DebRoy, D. Sarkar, and R Development Core
Team. 2011. NIme: linear and nonlinear mixed effects models. R

package version 3.1-102.
25



Poorter, H., U. Niinemets, L. Poorter, 1. J. Wright, and R. Villar. 2009.
Causes and consequences of variation in leaf mass per area (LMA):
a meta-analysis. New Phytologist 182:565-588.

Poorter, L., S. J. Wright, H. Paz, D. D. Ackerly, R. Condit, G.
Ibarra-Manriquez, K. E. Harms, J. C. Licona, M. Martinez-Ramos,
S. J. Mazer, H. C. Muller-Landau, M. Pefia-Claros, C. O. Webb,
and I. J. Wright. 2008. Are functional traits good predictors of
demographic rates? Evidence from five neotropical forests.
Ecology 89:1908-1920.

R Development Core Team. 2009. R: A language and environment for
statistical computing. R Foundation for Statistical Computing,
Vienna, Austria.

Reich, P. B., D. S. Ellsworth, and M. B. Walters. 1998. Leaf structure
(specific leaf area) modulates photosynthesis—nitrogen relations:
evidence from within and across species and functional groups.
Functional Ecology 12:948-958.

Schabenberger, O. and C. A. Gotway. 2005. Statistical methods for spatial
data analysis. Chapman and Hall, New York, USA.

Silvertown, J. 2004. Plant coexistence and the niche. Trends in Ecology
and Evolution 19:605-611.

Stubbs, W. J. and J. B. Wilson. 2004. Evidence for limiting similarity in a
sand dune community. Ecology 92:557-567.

Thuiller, W., C. H. Albert, A. Dubuis, C. Randin, and A. Guisan. 2010.
Variation in habitat suitability does not always relate to variation in
species' plant functional traits. Biology Letters 6:120-123.

Uriarte, M., N. G. Swenson, R. L. Chazdon, L. S. Comita, W. J. Kress, D.
Erickson, J. Forero-Montaiia, J. K. Zimmerman, and J. Thompson.
2010. Trait similarity, shared ancestry and the structure of

neighbourhood interactions in a subtropical wet forest: implications

26



for community assembly. Ecology Letters 13:1503-1514.

Valencia, R. V., R. B. Foster, G. Villa, R. Condit, J. C. Svenning, C.
Hernéndez, K. Romoleroux, E. Losos, E. Magard, and H. Balslev.
2004. Tree species distributions and local habitat variation in the
Amazon: large forest plot in eastern Ecuador. Journal of Ecology
92:214-229.

Violle, C., M. L. Navas, D. Vile, E. Kazakou, C. Fortunel, I. Hummel,
and E. Garnier. 2007. Let the concept of trait be functional. Oikos
116:882-892.

Webb, C. O. 2000. Exploring the phylogenetic structure of ecological
communities: an example for rain forest trees. American Naturalist
156:145-155.

Westoby, M. 1998. A leaf- height- seed (LHS) plant ecology strategy
scheme. Plant and Soil 199:213-227.

Westoby, M., D. S. Falster, A. T. Moles, P. A. Vesk, and I. J. Wright. 2002,
Plant ecological strategies: some leading dimensions of variation
between species. Annual Review of Ecology and Systematics
33:125-159.

Wiens, J. J. and C. H. Graham. 2005. Niche conservatism: integrating
evolution, ecology, and conservation biology. Annual Review of
Ecology Evolution and Systematics 36:519-539.

Wright, 1. J., P. B. Reich, and M. Westoby. 2001. Strategy shifts in leaf
physiology, structure and nutrient content between species of high-
and low-rainfall and high- and low-nutrient habitats. Functional

Ecology 15:423-434.
Wright, S. J. 2002. Plant diversity in tropical forests: a review of
mechanisms of species coexistence. Oecologia 130:1-14.

27



% B

EER BT A BEH LB HR AT 30
EEF BT A BEH AL AR 31
+

EEA LR ARy 30 £ 0 Fke THE ot in £ .32

- L Dt A= K= o, 2, /] d - E

R E BT R EES R TE ENHRE R TS M
AN

o F VBT B EHNY o ST % 0 BkF L tiE.33

28



by —

(it
i

-~

3
R B T 2 7T B BBl oottt 35
fé

SRR AT AT E L w FERE R ATAE] Fnn 36

)

(i
M

ol i ﬁ« ’F}i NS f@’}‘{-f" Jé’f"/w\ T e e ———— 37

|
o
*

ST L E e T HESRRRAZARLS T FH.......38

EEA AR F A AT AP IE LT 39
HES AR RT S AEA A FARZ LR e, 40
EESPLERFLEFPES A FETIHEL LB L2 0 1F.4]

(&
Wt
s
3
&
gﬂﬁ
TR

TR P ES G FEERRL S e £ 2 0 RFI42

29



G- EEABERE S BE SNBSS FALE

AR I R B R H i
W G A Specific leaf area SLA cm?/g
TER Leaf thickness LT mm
¥iz4 %5 £  Leafdry matter content ~ LDMC 9/9
¥ 5 Leaf area LA cm?

BE v Carbon to nitrogen ratio C/IN -

¥ At Nitrogen to phosphorus N/P -

ratio
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2o EESBLAEFABAES BRI ST MR T
WA ELEA Exb R el RF e § B
(cmflg)  (mm) ;2 (cm?®)
(g9/9)
¥ I+ 0592 0.626 0.574 0.407 0.207 0.106
ip i
p-value <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
2R R 53.8 72.4 43.9 62.8 48.1 21.5
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e 5.9 0.006  0.008 10.4 19.8 2.1

1. 3% %4 Tukey = & B2 % £ B ;£ (Tukey's honestly significant
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M LA (F- ~ - ~ZARp) 2

PC1 PC2 PC3

pH 025649 -0.23807  -0.48648

water% 022237 0.03895  0.73697

C 0.21918 049148  0.04116

N 0.13376  0.54951  0.09921

P 0.13669  0.42544  -0.32453

Ca 038188  0.13619  -0.03162

Cu 03741 010328  0.04236

Fe 0.30054  -0.0295  0.1589

Zn 0.34419 024304  0.02226

Mn 038842  0.04408  -0.02767

Mg 03809  0.15831  0.03253

K -0.09806  0.31802  -0.27018
AL (%) 46.9 68.5 76.5
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