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Abstract Aims The relative influence of ecological factors on the distribution of woody plant functional
types in a natural tropical forest landscape is rarely explored. The three major objectives of this study were to
1) determine the relative importance of environment, anthropogenic disturbance and spatial influences on the
distribution of woody plant functional types, 2) determine which variables influence distribution of woody plant
functional types, and 3) examine the distribution of woody plant functional types in different habitats.
Methods  Using data from 135 plots in a natural tropical forest landscape of Hainan Island, South China, we
classified woody plant functional types using the characteristics of species wood density and potential maximum
height. Three sets were used, presence-absence, species richness and abundance. Their relations to environ-
ment, anthropogenic disturbance and spatial factors were analyzed with redundancy analysis (RDA). We then
used a partial RDA with variation partitioning to specify which proportion of the variation in functional types
distribution pattern is explained by each of the three factors individually and which proportion is attributable to
interactions between factors.

Important findings We found that environmental influence, anthropogenic disturbance and interaction be-
tween environmental and anthropogenic disturbance factors were of similar importance in functional types distri-
bution. However, spatial influence and interaction between spatial and other factors were less important. Fur-
thermore, we found that anthropogenic disturbance types, topographical factors, soil types, grit content, soil
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depth and X, Y coordinates all impacted the distribution of functional types. Generally, hardwood functional
types are abundant in better, undisturbed sites, but softwood functional types occur in opposite settings. The
distributional range of medium hardwood functional types is wider than the other two. Except for softwood shrub
functional types, the others have high species richness and abundance in better sites, especially where soils are
deep. This study suggests that the plant functional type approach enhances understanding of the relative influ-
ence of environment, anthropogenic disturbance and spatial factors on species distribution. Environment and

anthropogenic disturbance are more important than spatial influence in the variation of species distribution.

These conclusions can aid in developing large-scale conservation and management policies in tropical rainforest

areas.
Key words
tropical rain forest
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ST L2 B X WINPT I AR ) ) 4345 1 (Kohler
et al ., 20005 Verburg & van Eijk-Bos, 2003) , 53 /MK 3
B T R B RGEM AE T 3 J MR,
R T IRFTARLL  EME B ERETT AL,
1.4 AR WHERFRFE

AXHATHERFHBRITHBERAETHE A
FHP R E 3 NH 5. N T2 CANOCO
for Windows, Version 4.5 A4 i) %5 A S48 25K & F

Tt B 8,3 T2 RS ER R, €
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M 1REMIER WELE A RE 6], AR iE &3
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WA RACEARIE R, FAEMA S TIRHE TR
WaRE P BRAH R 25 5 — 86, HLRAE B0 I 2, 25 H)
R B e AR X S 2 — S, AR YR AR 1 O P S B A
b AMEH T 70 EE S, R 3 k07 B E 2
AL, 88 3 2 8] B 8 5 A B T 4 3K
KR JE #7235 8] #a 2 (Legendre & Legendre, 1998),3iX
BRI R 5370 BO L PN B REAS 3R A5, A
ZRIC AL 0 BB A8 T A X A X Y B g AT
TR SR AR DL R AT A B SR A A K
4% (Borcard et al ., 1992). &, TP EERSEH
R 134, AR THREFR S5 A, ZEREFH 9,
it 27 MR R
1.5 ot

ASCRAT 3RS B RER I B S &
P-A(Presence-Absence) .2 DI E &) N MR + 5 R K
% (Species richness, SR) FI£-TIRERL N B AAAEY)
ZREHHE (Stem abundance, SA). % T % #EH XL
434 (DCA) o HE PRl e i T A 2 A B #2 B (LA
Bibr e (SD) K S L) , Fl DCA A v HE v Bl BE 1<
B (Lengths of gradient, LGA) Lt.% & H (Legendre &
Legendre, 1998). ¥t L, B EF KB (LGA) <2.5
EERMHF Y, LGA > 2.5 EE R AL HEHT

F1 AFEYHEBISTERR
Table | Woody plant functional types

e WaEEE K*J%Jﬁ. YrFh 8 *ﬁxj%ﬁ
Functional types Eotenﬁﬂ Wood de—nsny S.peci&s Relative stem
height (m) (grem™3) richness abundance (% )
BRAMEAK Softwood shrub (L1) 2~5 0.12~0.49 18 2.21
BRARKMIZTEA Sofiwood understory (12) 5~15 37 6.95
KRAENRBEBHEZTE A Softwood canopy or emergent (13) 15~ 40 20 3.06
FETERBAR Medium wood shrub (M1) 2~5 0.49~0.79 33 11.36
AR AR KR FF AR Medium wood understory (M2) 5~15 158 18.43
FEFEARFHZRHEHE)ZTE AR Medium wood canopy or emergent (M3) 15 ~ 40 109 21.59
B8 A ¥ A Hardwood shrub (H1) 2~5 0.79~1.02 36 8.36
BEARWHZTE AR Hardwood understory (H2) 5~15 114 18.28
WA EREB T AR Hardwood canopy or emergent (H3) 15~40 54 9.75
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Table 2 Selection and definition of environmental, disturbance
and spatial variables

ARk Variable

8% Environmental
ELEV LATO
SLOP SODE
ASPE GRIT
POSI BIST
YELO GRAN
YESL GRST
YECL

AAF Anthropogenetic disturbance
NODI SECU
BURN PIAG
CLCU

25 [} F Spatial situation
X Xy
Y XY?
XY x3
X? Y

2

ELEV:¥#§4R Elevation (m) SLOP:Yf¥ Slope (°) ASPE:¥i1i,1
(BAYE) B S(FBHE) Aspect, 1 (Shady slope) to 5 (Sunny slope) POSI:
Yifr, 1A ) B 6 (FTH) Position, 1 (Valley bottoms) to 6 (Ridgetops)
YELO: B+ Yellow loam (0,1) YESL: ¥ #3# + Yellow sand loam
(0,1)  YECL:¥i# 3+ Yellow clay loam (0,1) [ATO: 7540384
Latosol (0,1) SODE: -3/R B Soil depth (cm) GRIT: BPBRE & Grit
(percent)  BIST: + 3 % 2 K #9H X Presence or abundance of big
stone (0,1) GRAN:ZERIF Granite (0,1)  GRST: %55 Gritstone (0,1)
NODI: T No-disturbance (0,1)  BURN: JI#F K Fft Slash-and-bum-
ing (0,1) CLCU:'&1% Clear cutiing (0,1) SECU:RRZFFAX Selective
cutting (0,1)  PLAG: ¥k & i H] Plot age (a) X:2 /¥ Longitude (m)
Y: 4% Latitude (m)

Frdke EARIEXT P-A SR F1 SA 3 S S (FF
45 ) AT DCA 4347, B R RAHEF M B R B B
KEDHIA 1.226.1.519 F12.143,¥)/MF 2.5, K H
3ANEEE SO B B A B R LR P RO, e B T RE B
ot A 25486 B P R o7 R R R Y, b I 3 B HE A I A
PR e RIS 4347 (40 RDA I partial RDA %5) b
BOEHE ., ASCFI YR E M E 587 RDA Al
partial RDA AT BEEL 3 A 48 BT 5%

7£JH RDA Fl partial RDA #4724 2 8, R T 1%
SRR B 1) IE SR B N B A XT3 AT R RS,
BAVDSTEAEHAT T b, T AARIN TR 2, =
(x;,; - #j)/dj(ﬁpp i=1~135;7=1~13); )RR 3
MRS, BT RE SRR S, RAT B
AT 7 X, A ARINTF Y = log(10x ¥ + 1),
BEEAE RO, PR 7 o kR Efb AL 3
HE L CANOCO HAHIBIANE R IIT -

X7 RAE S B X T RERL A A% R I R AR
B, BEJS T ATH A CANOCO 3K {41 B 3 1] BT e B 78

¥ ( Automatic forward selection procedure) % A8 & K 1
AT — W 75 138 , F) F Monte Carlo K: 3 (Using 999
permutations ) 4] T {8 16 25 B2 Fr) A R AR (B XY B R
TERTTRERE ), YREZ R p=0.05 iF, FLUHE
Br. T BA mMEFEAKE T (Varance inflation
factors, VIF)S5HEMNEREAFHHZELLME, X
BER ) TTRRAR 2D, X A ZE BB B 3RAT R VIF 3#
Frige—H MTHLE, 4 VIF > 20 BY - LAHERR
1.6 H7ri#mem

FIEBAELE TRERANZ B SH NGRS
YERT, ThEE BRI A 4% R i 28 A AT A4 8 A T JLAS
#Ar:1) BfEFEA 57 (The total amount of variation ex-
plained by all variables, R,):&¥E &S 545¥;2)
FRAF AR 5« LI B3 B 73 (The proportion of the vari-
ation explained exclusively by environmental variables,
Rye) BN T A% FEER 73 (The proportion of the vari-
ation explained exclusively by anthropogenetic disturbance
variables, R,) 2073 [8]## B8 43 (The proportion of the
variation explained exclusively by spatial variables, R.,).
REHIREE- A T A BEEE 2 (The amounts of varia-
tion attributable exclusively to the interaction of environ-
mental and anthropogenetic disturbance variables, R.q).
TRA ) 35 5523 (0] ## B 30 43 ( The amounts of variation
attributable exclusively to the interaction of environmental
and spatial variables, R, ).1B& B AR T -2 (6] %
FEFR 43 (The amounts of variation attributable exclusively
to the interaction of anthropogenetic disturbance and spa-
tial variables, Rgy,) LA KRB WA EE- AN FH-23 6]
AR EER B B 5 & FR43 ( Vaniation exclusively shared
by the interaction of environmental, anthropogenetic dis-
turbance and spatial variables presence absence, R )o
BT ESEINT : R ERTEARREAE G S L
AR RO AR BT TR0 25 (8] BRI R AE R b A8
B, NS 345 IR 2 7 A R ) T BB B AR 4ks R
M R EMIT Ry, BIor LA B 3 A28 ) X & A
HEREERTLAR T MR E R A8, A
5 1 0 BN 3R R s i) R R o ST AR RR R T RE BU AR Ak
Ra/F R, - Rs - Ry — R HE T8, et Rs 2
7 Ji] R 46 R A 29 R4S H 2 () (K R BB B AR R X 2
RERY AR LIRS, HHE L, Res\ Ra MBI R, - Ry
- Ry~ R UK R, - R, — Ry — R ITEPTR, K
Ry F1 R, 4352 F TR AR FEAE G O 97175 i 4
BT 72 ER A T R AR Zh BE B A
EEBST s Reaa 2l Ry — (Rpe + Rpa + Ry + Rea + R
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+ Ry )ITHE S, M1.H1 F1 H3 #0434 tbBF 3, Br & 91 #8003
N A~ VANIA
) TRER 79?7\33\36@54,?2‘ L1 #1 L3 Fr & Yy Fp s>, 4y
A 18 F1 20; & THREHY Y AR A HE B 22 FE 70475 A4 A
2.1 ZhEERIZH R asE B A0 OB — 3, PR A U S g M2 M3 Al

AR PH A B R FIAR A AT Y 2 B T4y BA
579 158 225,41 J& 82 EL 247 A& s 7F 9 P IhREM
FIIFRECRE Sr AR H, 65. 8% B IR 40 A T M2 M3 Al
H2, Horft M2 B IR B, o 158(F6 1) 12,

H2, [FRE5 A = A3, B o LG8 43 381 ok R 0
18.43% .21.59% 1 18.28% (3 1), PFh /A
B L1 A L3, MBS S AR
2.21%M 3.06% . TEE KLhRE R MASE 246 A1

F3 MENHERSHHBRBETEEETRESNER
Table 3 Linear redundancy analysis (RDA) of the environment-anthropogenetic disturbance-spatial influences of functional types distributions

R HE LS A WL S iy N D e
D. - p Sum of all canonical Cumulative percentage of canonical variance accounted for by axes 1 — 4
ata set eigenvalues T I m v
P-A 0.002 0.31 66.0 87.6 9.7 96.8
SR 0.002 0.48 82.3 89.3 94.2 96.6
SA 0.002 0.43 70.2 85.8 90.8 95.1

x . BEHAWHARE T2 BAHETR S MANTIRARR 9 P2 HE AR The full set of 13 environmental, 5 anthropokenetic distur-
bance, and 9 spatial explanatory variables was used  p 381t 999 WIEH , 55 — SLIEHEF A1 2T HSEHE P 439358 TR BZE KT, BEUEAS Based

on 999 permutations, tests of significance of the first canonical axis vs. all canonical axes gave identical results

SR: P F B Species richness SA: MAEL Stem abundance

P-A: DIRERH B & Presence-absence

R4 BBRTESHFBNEXREN

Table 4 Correlation of explanatory variables with the first two ordination axes of redundancy analysis

Ak P-A SR SA
Variables B— Axis 1 B Axis 2 Bh— Axs 1 B~ Axis 2 Bh-— Axs 1 BT Axis 2
X 0.3350 -0.141 3 0.421 8 -0.017 8 0.427 1 -0.054 8
Y -0.1251 0.158 7 -0.116 2 0.113 5 -0.063 1 0.065 3
Xy 0.3379 -0.118 1 0.434 6 0.006 8 0.452 6 -0.044 7
be 0.333 8 -0.1420 0.420 0 -0.019 1 0.424 9 -0.0550
Y -0.124 8 0.158 6 -0.1157 0.113 0 -0.062 8 0.064 9
Xy 0.3372 -0.1315 0.428 7 -0.007 1 0.439 7 -0.0503
Xy 0.324 6 ~0.085 8 0.428 1 0.034 4 0.459 6 -0.0312
X 0.332'5 -0.1427 0.418 3 -0.0204 0.422 6 -0.0553
I -0.124 6 0.158 5 -0.1152 0.1125 ~0.062 4 0.064 4
ELEY -0.199 5 -0.0927 -0.3235 0.294 1 -0.270 4 0.188 8
SLOP 0.010 6 0.056 6 -0.053 6 0.176 6 —-0.0402 0.2258
ASPE 0.143 0 -0.161 2 0.124 3 -0.020 4 0.1360 -0.079 1
POSI 0.064 1 -0.157 1 ~0.0052 0.128 2 —0.044 7 —0.0482
YESL -0.083 1 0.0209 -0.1130 -0.0195 ~0.0986 -0.078 5
YELO 0.003 5 0.159 5 0.012 4 0.149 8 0.0377 0.202 9
YECL ~0.082 0 -0.092 3 -0.1254 -0.039 4 -0.147 3 -0.0256
LATO 0.159 9 -0.184 1 0.216 1 -0.1513 0.176 7 -0.153 4
SODE -0.4705 -0.076 4 -0.5177 -0.1251 —0.572 1 -0.067 1
GRIT 0.406 2 -0.098 2 0.4322 -0.2209 0.398 7 -0.1273
BIST -0.0356 0.016 3 0.011 1 0.057 0 0.073 3 0.094 2
GRAN -0.1029 0.1176 -0.209 4 0.1100 -0.1358 0.053 0
GRST 0.1029 -0.1176 0.209 4 -0.1100 0.135 8 -0.0530
NODI -0.0122 0.0357 0.104 0 -0.0505 0.117 4 -0.0522
BURN 0.520 5 0.184 3 0.566 7 0.2257 0.554 6 0.276 0
CICU 0.1719 ~0.1090 0.259 7 -0.0659 0.215 1 -0.2232
SECU -0.3352 -0.082 1 -0.5196 -0.034 ~0.506 8 0.014
PIAG ~0.066 6 0.018 3 0.044 9 -0.0703 0.049 8 -0.100 8

58 X% 2 HAY—2L The abbreviations in the table are the same as in the Table 2

P-A.SR,SA: M.# 3 See Table 3
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Fig.1 Redundancy analysis (RDA) scores for explanatory variables
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Table 5 Partitioning of the variation by linear redundancy analysis (RDA) of three data matrix

5 BB R P-A SR SA
Variance components fractions vV TVE (%) TV TVE (%) v TVE (%)

#3735 Purely environmental (R,.) 0.102 36.13 0.115 23.96 0.117 27.21
4 F 4K Pure disturbance ( Ryq) 0.072 23.23 0.105 21.88 0.102 23.72
44 %5 [A] Purely Spatial ( R,,) 0.039 12.58 0.040 8.33 0.034 7.91
BS W I B - T 3 Environmental-disturbance (R.,) 0.064 20.65 0.134 27.92 0.092 21.40
1RA i 3 85 -%5 (8] Environmental-spatial ( R,,) 0.015 4.84 0.036 7.50 0.038 8.84
TRA B2 8] -TF 4 Spatial-disturbance (R ) 0.003 0.97 0.000 0.00 0.001 0.23
RE WA Y- |-T 3

Environmental-spatial-disturbance ( R.4,) 0.015 4.83 0.050 10.42 0.046 10.70
% Residuals 0.690 0.520 0.570

TV: 87 5 Total variance TVE : B35 B B4 Total variance explained

3 4t i
3.1 KT OfeRiRl o>

ARG RERL R B T A AL E R, X
B ANBRATEBE WP A5 LI Bk B, AR %
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1999; ter Steege & Hammond, 2001) JAMER—1TF
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S 2 A o] TR S R B 2 B R A A o
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