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Abstract: Species co-existence mechanisms have long been one of the core topics in community ecology. To explore the
changes in community functional diversity of Dinghushan evergreen broad-leaf forest under the heterogeneous habitats and to
find out the main driving factors of the functional diversity varations, based on the second community survey data of the 20

hm® forest dynamics plot in Dinghushan National Nature Reserve, 27 subplots (20 mx20 m) were selected according to the
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changes of relative elevation and topograph. These 27 subplots can stand for the heterogeneous habitats in Dinghushan ever-
green broad-leaved forest. Leaf functional traits of all the trees with DBH (diameter at breast height) =1 cm in the 27 sub-
plots were measured to calculate the functional diversity (functional dispersion and community weighted mean are caculated
as the functional diversity in this paper) during the summer of 2013. The measured traits included morphological traits ( spe-
cific leaf area, leaf dry matter content, leaf area and leaf lenth to leaf width ratio) and stoichiometric traits (leaf carbon,
nitrogen, phosphorus content). Combining with the topographic and soil information, we analysed the main environmental
factors that influence the variation of functional diversity. To elucidate the relative importance of environmental filtering and
competitive interactions for species co-existence of Dinghushan evergreen broad-leaved forest, we inferred the shifts in func-
tional diversity patterns across environmental gradients. The results indicated that functional divergence and community-
weighted mean were in close relation with environmental factors, especially elevation, convexity and soil fertility. In the op-
timal environmental conditions (high relative elevation, high convexity and higher soil nutrient content) , plants adopt the
similar (functional divergence decreased) adaptive strategy of efficient conservation of nutrient (low SLA, high LDMC) ,
which suggested that environmental filtering played a stronger role; while in the adverse environmental conditions (low rela-
tive elevation, low convexity and lower soil nutrient content ) , the traits were various ( functional divergence increased) and
use fast growing strategy (high SLA, low LDMC), since competitive interactions might play a key role. The functional di-
vergence of leaf area and leaf nitrogen contents increased in better environmental conditions (high relative elevation, high
convexity and higher soil nutrient content) , and these two traits (leaf area and leaf nitrogen content) were opposite to the
others (' specfic leaf area, leaf dry matter content, leaf length to leaf width ratio, leaf carbon and phosphorus
content ). These results indicated that different niche axes (environments) had different importances in the changes in func-
tional traits dispersion, and illustrated that we could use plants diverse strategies to adapt to heterogeneous environments in
local scale.

Key words: community ecology, functional diversity, habitat heterogeneity, species co-existence mechanisms, adap-
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BEEFI ML ( community assembly mechanisms )
— LUK R A A A E IS I R ) HG v PR ok 3
(environmental filtering ) Fll 3 4+ ( competitive interac-
tions ) Az 5 W FH V% 1) 0 i 32 22 1) 7 A 2R A 2 oo R
(Cornwell et al, 2006; Kraft et al, 2008; Siefert et
al, 2013) , — iAoy, BB 8 2 S EU R Y I
PESRE M A [R], 1T 5 4 DU 2 S50 Ao 1 3 7 4 S it o S
( Spasojevic & Suding, 2012; Chalmandrier et al,
2013; Purschke et 2013), Y1 fie 2 MM
(functional diversity ) J&45 DI BB IRTE LA Fr e 7%
N RYME 75 BRI AH X 2 (Villeger et al, 2008 ; Car-
reno-Rocabado et al, 2012) . AL S B
FEHLH AR S R Gead R AR A & % U #Y) C B ( Mason
et al, 2012; Conti & Diaz, 2013 ; Mason et al, 2013;
Roscher et al, 2013) . FR$5 3 318 F1 55 4 4 A0 Xt iR i
S B [ By R 7% R i 5 20 ( Spasojevie &
Suding, 2012) , Bl Zfj G #4 [F] 2 & #4 5% ( Kraft et al,
2008) , PR 114 AH W 5 55 R BE HR e T3 VR 1 PR 58 1A
R OB AR AL, HATEE X IRE 2 A S
PR R A AH OGRS, A0 45 D BE IR 5 R RUEE 2%
AN BRI AR A 25 AH G ( Siefert et al,

al,

2013; Fortunel et al, 2014) ; fif & #f 75 B A0 3617,
e 2 FEMES B3 T 5 (Janecek et al, 2013; Pur-
schke et al, 2013) . #Kif7, /NROEE T T fig 2 A4 bifi
RS AR AL 1 AN 2 ( Lohbeck et al, 2012)

T D RE 2 FEPE RN & 5 ik 24 H 81
IR TEAE W) D RE MR AN b - 5 BE Y S Aily bR AT
Y, R AZ B A Rao 850 (Rao, 1982) IIHE+ &
J (Mason et al, 2005) . ZIREYIA] BE ( Mouillot et al,
2005) FEVEALESEI(E (Lavorel et al, 2008) %5, H:
Hh A2 B 3 22 ) 2 D) B 25 HLURE (functional disper-
sion, Fdis) FIEE 7 AL T ) {E ( communtiy weighted
mean, CWM) , fE 75 55 B3R 2 48 BE MLPk 35 1 4 i 1]
AR PEAR A 2 18] Y 22 55, 38 B IR SRAE A 25
£ HAME (Petchey & Gaston, 2006) . Ff 7% A & F
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VAR ARG R (Enoki & Abe, 2004; Louault et
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2000) , AT A 7 vf 1 b 1) 20 A 7 AR L 4 B ) 4
SN o ) LU R A Ay v [ R AR A ) 22 R M
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Table 1  Environmental factors of heterogeneous habitats in Dinghu Mountain plot
AR [FIAEXT T EE Relative elevation

BT I Low 1 Middle i High
Environmental factor

[HIERS 13 1 IS 1113 15 HIESS 1113 lITE<s

Valley Slope Ridge Valley Slope Ridge Valley Slope Ridge
HJE T Topographic factors
THR Elevation (m) 320.16 30842 318.30 361.10 364.55 370.66 4134 404.54 406.17
V1M Convexity (m) -6.16 -1.81 262 -1.60 421 6.71 0.77 401 6.70
R Slope (°) 34.59 34.77 30.02 39.18 35.72 28.93 37.24 37.40 33.66
i) Aspect (°) 236.10 156.92 194.24 194.61 157.87 203.87 181.81 187.03 147.51
+ T Soil factors
FIEEKEE SWC (%) 18.73 19.16 19.28 18.59 18.62 19.73 19.06 18.13 17.83
K VW (kg » m™) 1.06 1.07 1.05 1.09 1.06 1.05 1.03 1.04 1.03
RIS pH 3.79 3.79 3.77 3.73 371 3.71 3.74 3.69 3.67
FHAHUT SOM (g - ke™) 55.22 52.96 53.63 5837 63.53 68.18 62.34 67.20 71.85
B AK (g - kg™) 18.70 20.10 20.91 16.70 17.07 17.13 18.82 17.18 19.10
SHITK (g-kg™) 52.58 48.19 42.90 41.80 42.10 4346 4540 51.05 54.46
R AP (g - kg™) 0.27 0.27 0.25 0.25 0.27 0.27 0.25 0.26 0.28
LB TP (g - kg™) 145 1.94 2,05 147 137 1.32 1.58 1.74 1.64
BECE AN (g - kg™) 1.04 0.95 0.9 1.06 1.30 1.46 122 143 1.55
S5 TN (g-kg") 179.47 181.16 173.63 187.64 193.63 203.41 207.83 225.07 226.60

. SWC. UK/ &t ; VW. 5 ; SOM. HHEGHLT; AK. A% TK. S48, AP. A% ; TP. & ; AN, A3A; TN, B4,

1A,

Note: SWC. Soil water content; VW. Volume-weight; SOM. Soil organic matter; AK. Available K; TK. Total K; AP. Available P; TP. Total P; AN. Available N; TN. Total

N. The same below.

VIR K BE (leaf length, LL) | I A 98 & ( leaf
width, LW) , S Je A 70 CBHLAS s+ 2
fHEE, Jf AR H 1 5 (dry weight, DW) , Ho - AR
(specific leaf area, SLA) A A5 H A H 1 HAE;
49 5 &% 1 (leaf dry matter content, LDMC) &
MR TESE R, HERECT RS 100 H
i, FHART L Gk B L e it Wl 5 i R AL
#HICE 9 HTL ( Elementar Analysensysteme GmbH ,
Hanau, Germany) ll%E ,

AR ¥E B T) fE 5 L% ( Functional dispersion,
FDis) F1Ff V% (9 A 5 F 4 fH ( Communtiy-Weighted
Mean, CWM) X P 2y BE 22 R4 R ik RV ) 2t
B, 55 5 2% Spasojevic et al(2012)

1.3 BiEoth

JIT A RR O 23 A 21 R PR F SPSS 18.0 (SPSS
Inc. Chicago,IL,USA) #474831 34T, 4 P<0.05
FORAGE R S, DIRERSHUE (Fdis ) FIRETE AL
FRIE(CWM) S D REZ AR ES B T RCR AT R 1
7 (3.0.1) (Team, 2012) , ¥ R i 5 1 “ FD” 52 1L
(Laliberte & Legendre, 2010), &M CANOCO 4.5
Xt Fdis A1 CWM S5 ERE R 11 5C R AT 2084550

25307 (Redundancy analysis, RDA) .
2 HERH4M

2.1 RREERHIMERTF

T S T LA i DT 8 B R 1 3R 5 P T
Wl LA IR PR S i R Z R 50
m A GIORUBE S B 22 M BE (= 6.16 ~6.71 m) |, 47 5]
REFET I AL A58, B b Y 3 5 T
BAME, Fri e g (R 1), fERIER T, B
BRI LA S A AL & i AR AR, Hofth 4 48
WA IEA K, 32 R, 5 R W EAH W
SR TR o R Iy B v VR M Y B AR A
W H R PR A A EURLE R s i
1 pH B, SR X IR AT
2.2 B E TN BE 5 15 ( FDis)

AN [P R A S O A 55 v b B ) A S A AN
[ A, Herp e e JER B Ee TR, I Rl o DA S
J H R Bl EL AR 2R EAE [R]— TR R A A8 fh R 4T
S>> 1A et ik & &, s E E L
R R 8 L AE [R)— 4k 1 R TR A B N e B T
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Table 2 Correlation coefficients between soil characteristics
and topological factors in the 27 sampled
quadrats in Dinghu Mountain plot

5 1t H mE My g WepE B
Ttem Elevation  Convexity Slope Aspect
THEFKE SWC -0.46 -0.10 -0.56 0.35
HHEVW -0.63 -0.46 0.20 0.14
435 pH -0.85%%  —0.78 = -0.15 0.43
THAHLUR SOM  0.85 = = 0.79 = -0.04 -0.33
TR AK -0.47 -0.19 -0.40 -0.13
S TK 0.17 -0.10 0.08 -0.04
B AP 0.10 0.34 -0.39 -0.24
SR TP -0.34 -0.07 -0.14 -0.26
A AN 0.81 %% 0.8 == -0.12 -0.30
ME TN 0.91 0.64 0.19 -0.38

H: #P <005, = *P <001, FF,
Note: * P < 0.05, * %P < 0.01. The same below.

2.3 #EMh A T IEEF 5 IR S E

Ui ) LR T 9 T R 43 B B 5 R TR A K -
SN AR SR o b (3 4) 45 2R o | BB R 4R
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2, U1 B R 22 5 RS H T AL R R
R R A R AR B 1) 5 TR
Or BRI IE AT G

IR 5 AR S REEAR I3 R A AR B AR S
ZURE N, T pH BT 2SR BT RS
S R e ) B BESE N 5 - S P
T2 5 | R i ot o ) o B R AR AR AR5
S P AT BRI RS B, i R T B R
WG REAS AR KA, L G i 1) 23 B AR AR

X DIRE S B 5 P 1 DL S T Y
RDA 25 qCHERR A R LA 1, M0 BEXS DI RE T B Y
RS (B 1. A) 5 95 8 LU A
W B BB AL B OGRS I i R
0B AR AL S IEAR G ; AT 1B & iH, 138 pH  %¥
H AT R R X I AR 3 IR A R I A
Ko HHEpH FEEAIE ABAMBRA ST HY
AR HBE T B AR AR S, BT S5 IR
W DL R L AR ) 2 5 R R AR S TE A
O, T JG 5 5 I Se AR 1 43 B2 AR A0 A AR G

2.4 #EMIAT F IR BE R AN E 9B (CWM)

TR A T IS REE T 1 R D RE
PR RIS R 2 B, RE e 70 R PR ARTE /Y
Rl ARAL DS L5 R A P (A 4 2R o
Eo N i RS S N WA Y AN A TR AR WA ]
R RS AR (80 iy T s o, i
i e )RR R AS L P S (B P 3G i, T[] — Y 4R AN )
I A FEPEIR Z L2 5 (£ 5) .
2.5 #EMBE A T EEFERHENEFHENXER

CWM 5 EREE R 1 B9 AR S A 20 B 45 21 s (3R
6) , SEMERER T A R PR A CWML 3 22 T $ R ]
R ELTRERCRI T X A () PR i B v A - 2
(ELARZ MR — S5O, B TR R I B 38, i
JRERE et T AR | i T BR A AV AN B (R AR,
T R TS A AR ST E AR e R
i RV A R, SR R A -
(32 2N R R AT pH A HILT LA 3K
AAS RS, b LA T pH X VR AL EF
PIIE AR e — 20 B A TR pH g,
P T PRI T AR PR A0 9 S - 2 R R 08, g o
Fr o LA R R 5 A AT P Y
WA s H A HLIT % 12 R+ A SR D B R
SR PP 2 (EL R 2 W45 R A9 A T A
pH AR, B 3 A AL & A A S L e
SRS BN, e AR R R P A
(EXIREAR TP b 4 o 5 A i A AR
R PR

THE 7 AU P 1 {45 O TR 7 DL e - S D Y
RDA ZYsHEF AR ULE 2, NI 2. A AT LU Y i
i EERIMT ™ 88 5 o g AR R TR 8 2 R L e AR
(AR AU PSR SR G, S5 T o
DA B2 Tk 5 140 R 8 AR P R4 () TE AT SR 69
2. B A, R4 A pH X PR S 2 1 5
M 5 - AT AL I R A 4 R 1 R WA RS AR R A S
(1, T A A pH 5 i i AR LA K e AR R v
FCH P BB IEAH DG Y, 3 LSRN 3 05
5 U A GO SG 5 T - A AL AN R i S
Fr T4 I DA i R A AU P ) (R
TEARDGHY, I 4325 d A pH 5 HE FUAHOCHY

3 it w

T REZAF P A 8 2 LA A B PR 5 1o i
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Table 3 Functional dispersion of different communities in heterogeneous environments in Dinghu Mountain plot

HIAA[EARRTE B Relative elevation

T/ i
Fjljjfll(h‘,t)iir%flr)éispersion 1 Low 7' Middle = High
(FDis) % 11 S 4 % I 4 % 1
Valley Slope Ridge Valley Slope Ridge Valley Slope Ridge
iR JEERE LT 0.87 0.61 0.61 0.82 0.68 0.59 0.88 0.67 0.71
Lo A SLA 0.90 0.58 0.58 1.05 0.54 0.50 0.91 0.58 0.56
i RS LDMC 0.72 0.73 0.70 0.72 0.54 047 0.55 0.55 0.51
A LA 0.9 0.33 0.55 0.65 0.59 0.58 0.53 0.54 0.58
MHRFER L/ LW 0.74 0.64 0.75 0.64 0.58 0.65 0.77 0.75 0.62
R i LCC 0.75 0.82 0.57 0.75 0.54 0.55 0.74 0.78 0.65
AR AR LNC 0.55 0.68 0.34 0.51 0.54 0.57 0.60 0.72 0.77
R LPC 0.83 0.78 0.49 0.59 0.45 0.56 0.52 0.60 0.48

. LT. AR ; SLA. LR ; LDMC. MAFHB & it ; LA, WAL LL/LW. K38 ; LCC. Ak it; LNC. M A &S5 LPC. M AB S, T,
Note: LT. Leaf thickness; SLA. Specific leaf area; LDMC. Leaf dry matter content; LA. Leaf area; LL/LW. Leaf length/leaf width ratio; LCC. Leaf carbon content; LNC. Leaf

nitrogen content; LPC. Leaf phosphorus content. The same below.

e sTevario <
A ~ | B
LNC
s lope
convexity
g Csa|l &
o = Ly S
§ LA g
[ =
&= LPC
aspect
LDMC
o o
T
-1.0 RDA1 (67. 4%) 1.0 -1.0 RDA1 (50. 0%) 1.0

P 1 SR LR i PRI R 1T B I e DI RE S B BE R MR B9 TU AR 7 A

Fig. 1 RDA analysis on the relationship between environment factors and leaf functional dispersion in Dinghu Mountain plot

0
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< |A B
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_|Loc LL/LW g SLA

2- convexity /__aspect LT <

— [ elevation —— =

]

é LDMC g
LA =

LPC

0
0

-1.

-1.0 RDA1 (84. 6%) 1.0 -1.0 RDA1 (81. 7%) 1.0

P2 Sl LR BRI DR 0 FHE i A S S5 (RS2 I ) TR 3 B

Fig. 2 RDA analysis on the relationship between environment factors and community-weighted mean in Dinghu Mountain plot

e g HE R 5 800 BEVE W) Bl AL AF (Mouchet et al, WU, AR SEFHE R B0 B B 451 T TR A L
2010; Mason et al, 2013; Siefert et al, 2013) , —J#& FEZHN ( Cornwell & Ackerly, 2009) , ASHF5E 45 5%
Wy R IR FEAE R R T IhRE - B KB BRI mARAT 5 AU A RSN HA S RE AR A AL
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Table 4  Correlation coefficients between plant functional dispersion and environmental factors in Dinghu Mountain plot

M 55 5 - 5 Wi R T T AR MRTEL M akEE MRASE RS
Ttem LT SLA LDMC LA LL/LW LCC LNC LPC
¥ Elevation 0.25 0.02 -0.77 -0.06 0.08 -0.04 0.53 -0.58
[T BE Convexity -0.58 -0.70 * -0.83 % * -0.38 -0.29 -0.64 0.23 -0.80 *
Y% Slope 0.63 0.63 0.22 0.06 0.03 0.65 0.31 0.13
I ) Spect 0.36 0.45 0.31 0.72 * 0.55 0.09 -0.46 0.46
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Table 5 Community-weighted mean of different communities in heterogeneous habitats in Dinghu Mountain plot
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Table 6 Correlation coefficients between community-weighted mean and environmental factors in Dinghu Mountain plot
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BA TN -0.54 -0.86 * * 0.82 % * -0.68 * 0.29 0.74 * 0.11 -0.12
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