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Abstract; Researching on the spatial variation of community functional diversity along altitudinal gradients can increase our
understanding of the relationship between functional diversity and ecosystem function and their maintenance mechanisms.
This research investigated the community composition and structure of shrubs in Rhododendron latoucheae communities
distributed along an altitudinal gradient in Jinggang Mountain, Jiangxi province to uncover the characteristics of species
diversity, functional diversity and environmental factors, and the relationships between them. The results showed that; 1)
The species diversity and functional diversity of shrub species in the community changed in different patterns along the
altitudinal gradient. The species diversity indices (richness index, Shannon-Wiener index, Pielou index, and Simpson

index) decreased with increasing altitude, meanwhile the functional diversity indices displayed a complex pattern. The
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functional volume ( FRic), functional evenness ( FEve) and functional dispersion ( FDis) significantly decreased, but the
functional divergence (FDiv) and quadratic entropy ( Rao) increased with increasing altitude; 2) There was a complicated
correlation between species diversity and functional diversity of communities. FRic and FEve were positively correlated with
the richness index; Simpson dominance showed significant linear correlations with Rao, FDis and FDiv; 3) Environmental
factors such as slope position, soil nitrogen and phosphorus content of the community had important influences on the
functional diversity of shrubs. The relationships between species diversity and functional diversity of shrubs in R. latoucheae

communities and their response to environmental changes determine the community ecosystem function.

Key Words:; functional diversity; species diversity; altitudinal gradient; Rhododendron latoucheae; Jinggang Mountain
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Table 2 Type of plant functional traits

TREARAL BB DhaRRiEE A
Functional trait Data type Functional trait type
FpFH 8T Seed dispersal ARRBER L E SO 2. 5 e 3. XU i 4. 30 W R
452, Pollination methods SRR LR 2 R
Bk Plant height RS UK R Ay
TJE Coverage B EAE W EH L
H KT Vegetative type LB LIRR 2R 3EA
BFEAR Leaf shape O ;%gaﬁfﬂligﬁ%éf?gﬁg&mbejﬁnMﬁllﬂ/MﬁﬁM\mJﬂ/
I F- B Blade hardness RS U2 R 3 AR 4R
HEHEA Fruit type B LR 2 R 3R 4 R S 5 6. 3 7 R 8 R S 9. Bk R
BAIIR Fruit shape HRREAE LBDE ;2. 0ERIE ;3. BRI ;4. (BIB0JE ;5. AHIE ;6. W ERE ; 7.80E
S Fruit ripening period HAHBEE RS A O
FFAER Flowering period BUEEEE TR A 5
FFAERTH Length of the flowering period BEESE IR H
FEREBEH] Vegetation was stabbed HWEYE 01
. 1 1
Z mln[PEW,,_j -
FEve = s =1 s—1
1 - 1
s—1
K EW RIS WO AR 2
(3) M5 %X Rao
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d; = ;(&—%V
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1.5 HdlEath

FIH SPSS 19.0 GEit oM At #E 4T DL a7 A 1) B 3 07 2293 7% (One-Way ANOVA) , LUTEF 4R
R A AR i AR PRl 2 B SR T RE 2 REE AR B0k PR A8 047 22 53 38 M A0 BT, 488 /s VR 6 32 X )
Fh ZREETR BOR T BE 2 REVEFE BUBURE R ;2 ) THRE ZRETEFE B S5 W Fh Z REVEFE BRI AY Pearson AHIEHESIHT;3)
W F 5O Re 2 R B0 8 ME 8T . KA R TR A A8 i, DR AR MR RV Jhy R A a7 4R
[l AR | 53 K PR 5T B 5 ARSRIEF 73245 [BE 43T, FFFIH Microsoft Excel 2010 #E1T DI RE 2R PEFE
B5 W Fh 2 REEFE BRI O R LA KAEE,

2 BRSO

2.1 A[RIVEHRE L R £ AL BS R RE V% 00 0 b 2 R 1

TR0 B R A A SRR 94 10 = 5 2 48 % Shannon ZREPEFE L Pielou Y757 B H8 %1 Simpson {13 #5854
AL REAIEA — 2 B BEE BRI T = BN (R 3) . P FEE AR EL Pielou Y157 B 8 BUE A [ R
] () 25 57 R B35 (P<0.05) 5 "Pfg 4k 5 A A B B3R 1) Shannon ZAEYETS BURHA W38 M 22 5 (HJR IR 4K
SRR A A 25 5 (P<0.05) s ISR R I 4K 1 Simpson PE3E T8 B A AEAAE BB M2 S (AP
SR 2 A B E 25 5 (P<0.05) . FE EHEEUE 647m AbIR K, 1340m Abdge/)N, 4351124 23 .10 ; Shannon
Z AR 64Tm Abik B i KAH 2.7336 , 7 845m AbikE|He/ME 1.8219 ; Simpson L BEFEELAE 647m AbikF]
e KAE L TE 1394m AbIK B E/IME, 53514 0.9057 F1.0.7969

FD, =

R3 ARBERGERABMBBIENMTSHY

Table 3 Plant species diversity of Rhododendron amurensis communities distributed along elevation gradient

AR BE TR o B FEERES Shannon ZFEMEFEEL H Pielou 2 EHRE E  Simpson R EFRE D
Altitude gradient Elevation/m Speciese richness Shannon index Pielou index Simpson index
(9E%7 647 23 2.7336 0.8718 0.9057
Low elevation 662 15 2.4299 0.8973 0.8935
638 17 2.4852 0.8772 0.8941
At 45a 3.2029a 0.8424a 0.9272a
itk 820 17 2.4228 0.8551 0.8664
Middle elevation 845 13 1.8219 0.8300 0.8374
860 14 2.3332 0.8841 0.8651
&t 3la 2.7711ab 0.8370a 0.8963a
(=230 1340 10 1.9765 0.8584 0.8223
High elevation 1370 12 2.1689 0.8728 0.8572
1394 13 1.9870 0.8247 0.7969
&t 26a 2.7065b 0.8309a 0.8780b

AR TR YT A 1R B A [ 4 8] (9 (835 122 5% ( P<0.05)

2.2 [RITERR RE RE A AT RO AR e Vs D RE
FEFAAL RS RS RO D REZ R fé?aﬁf@ﬁiﬁ%fiizfﬂ$lﬁ]E‘J’E%ﬁi’é‘( 1), 2 FRic \FEve FDis Al Rao
TEA RIS B2 b HAT .35 25 5 (P<0.05) , Tl FDiv 7R3k Z Al 9 22 57 A 3% . FRic \FEve il FDis 13
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Fig.1 Spatial variations of functional diversity indices of R amurensis communities distributed along elevation gradient

FRic: functional volume; FEve: functional evenness; FDiv: functional divergence; FDis: functional dispersion; Rao: quadratic entropy

2.3 HEYIHETE YIREZ R AR 2 A ] B A DG
X AN [T AR T A FE MRV DI BE Z2 AR PR AN A Z AR MR R0 Pearson AHCK S /R (£ 4 ) FRic 5+ F
FEELAN Simpson LFEFEHE B3 IEAH K FEve 5 F 5 B 5502 B3 1IE A ; Rao 5 Pielou ¥15] B 45541
Simpson PLHEFREE 1% TR ; FDis 5 5 BEFE 4L Shannon ZAEMEFRECEE N B 2 EAHSC, 5 Simpson L%
FEFRBUE B IEM 56 ; FDiv 5 Shannon ZREVEFEEL  Pielou 215 FEEFE L Simpson A5 #1550t 52 | 2 (kI 56
HAWIIREZ FEEFR B S MR Z AR PR EUE o B E I C AR
XPUFHRRR b RE A AL RS REVE A ) DI RE Z AR VRS B A Z R Bt AT MU 53 B A5 21 5 M RE 2 R
BECS 4 MR Z TR BRI LA OC R (R 5) o FRic 535 EEHE 20 Simpson PL 323 5 £ LA HE i AH
KMk, 5 F & EIREEA B A A X HO R FEve 5 35 18 BUFTERR X BRI EOC R, 5 5351 3 Ty b
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ZRVEAR BN BAT 3 A5G Rao 5 Pielou 345 BEFR AL, Simpson (L # BE SR BUS AR LM A G C R, 5
Simpson L E LA RER T ; FDis 5 4 & JEFE 4 Shannon ZAEHEHE S Simpson L34 B8 503 1A B 4G
P, 55 Shannon ZAEPESRBOH Simpson L3 Hi5 Kt AU G 7 B 9 S e B, i -5 =R ' JEE HR KU iR L 05 07 e
SRR, HAUAS BE B ; FDiv 15 Shannon Z A IEFE % Pielou 342] BE45 B Simpson HLH# B 15 500 HAT
FMKKR 5 Pielou ¥ LR BAA UG Ltk ek %E,

R4 BETIRESREMEIEHMY T SIS SUE AT Pearson XS

Table 4 Pearson correlation coefficients between functional diversity indices and species diversity indices

FE R (S) Shannon ZFEMEFEEL (H) Pielou Y588 (E) Simpson AR % (D)

ThieFEETER (FRic) 0.702* 0.541 0.304 0.756 "
Ifey S BEHE AL (FEve) 0.681" 0.428 0.033 0.491

TR (Rao) -0.376 -0.618 -0.757" -0.777"
IRESr HUHE %L (FDis) 0.896 ** 0.826 ** 0.317 0.737*
IRE S S % (FDiv) -0.416 -0.702* -0.784* -0.763

# P<0.05; = % P< 0.01; S. Speciese richness; H: Shannon index; E: Pielou index; D: Simpson index; FRic: functional volume; FEve:

functional evenness; FDiv: functional divergence; FDis: functional dispersion; Rao: quadratic entropy

R5 BHEAESHEEEMDTSEEERNXRLS

Table 5 Fitting results of the relationship between functional diversity indices and species diversity indices

IIRELAENETR L

YR ZRETESR L

AT

Functional diversity indices Species diversity indices Fitting equations R? P
HifeF e BE45 %L (FRic) FEEHRE (S) y=1.33011n(x) -2.9675 0.4505 0.026
Shannon ZFEVEFEEL (H) y=3.27162>-14.063x + 15.408 0.4898 0.114
Pielou ¥I5JEHREL (E) y=2.6151x'38% 0.0912 0.254
Simpson fE#EEFEEL (D) y=8.8597x-7.0286 0.4473 0.019
IHEEX S HEHE L (FEve) Fr R (9) y=0.0769In(x) + 0.6805 0.4791 0.039
Shannon ZHEHFEEL (H) y=0.1886x>-0.8129x + 1.7454 0.496 0.128
Pielou ¥I5JEEHREL (E) y=0.0364x + 0.8547 0.0011 0.933
Simpson fLEFEFEEL (D) y=0.3649x + 0.5724 0.2415 0.179
ZUHHFEEL (Rao) FE R (S) y=0.0011x2-0.039x + 1.1783 0.5113 0.117
Shannon ZFEPEFEEL (H) y=-0.143In(x) + 0.9675 0.4036 0.066
Pielou $J2] 84X (E) y=-0.9282x + 1.6537 0.5724 0.018
Simpson fEEFEFEEL (D) y=-0.6377x + 1.4005 0.6043 0.014
Uit s md6 %L (FDis) s R L (S) y=0.2715In(x) + 2.6382 0.84 0.001
Shannon ZHEHEFEEL (H) y=0.2005x + 2.9108 0.6824 0.006
Pielou ¥I2JFEFREL (E) y=0.8075In(x) + 3.4831 0.1009 0.405
Simpson ILHESER (D) y=1.4594x + 2.1094 0.5432 0.023
DI RE RS HAE L (FDiv) SE R (S) y=0.0033x2-0.119x + 1.745 0.5569 0.087
Shannon ZFEEFEEL H y=-2.444In(x) + 0.3849 0.6085 0.028
Pielou #J2JEEHE%L (E) y=-2.8621x + 3.2159 0.6143 0.012
Simpson ILHEFE R (D) y=-1.8636x + 2.3469 0.5825 0.017

S: Speciese richness; H: Shannon index; E: Pielou index; D: Simpson index; FRic: functional volume; FEve: functional evenness; FDiv:

functional divergence; FDis: functional dispersion; Rao: quadratic entropy

2.4 IR BRIE L IREZARIE SR T HZ AL 1A 50 B

XTY)Re 2R SR R A T8 A0 WA A ik — 2D SRR R S D e 2 FE TR — N E R (£ 6) .
4% FRic \FEve \Rao FDis FDiv F45 A (519 22 80051 4 -0.946 . —0.740 . 1.015 ,—0.835 ,1.049, BRiEk [
E LN, FEve 1852 B35 G952, AR i [0 U3 2500 0.481; 138 P X FRic,Rao FDiv tRF7 B 3543 5200, brifE
i 11 5 22 50093 1) M —0.824 | 1.277 ,0.828 ; FDis 152 | 3% N B9 5200 | bR f 015 R B -0.772, HALIREE A
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Table 6 Stepwise regression analysis on the relationship between functional diversity indices and environmental factors

T RE RS 8 28 — H{—ﬁ/}% TO[foLgraphic faC‘lOF . _ i%iﬂtﬁi)ﬁ Soil cEaracleristics.
Functional diversity indices Parameters % % Hefis Bepr - Adjusted  LEEN BHEP O EHOKSY Adjusted
Elevation  Gradient  Position  Direction R? Soil N Soil P Soil water R?

rfie & B HE AL FRic b -0.946 0.880 -0.824 0.634
p 0.000 0.006

YIfie 5 4R 4L FEve b -0.740 0.481 0.880
p 0.007 0.028

ZRHHFEEL Rao b 1.015 0.526 1.277 0.741
p 0.017 0.005

TIRESF AR 4L FDis b -0.835 0.653 -0.772 0.538
p 0.005 0.015

TIRE R AR L FDiv b 1.049 0.689 0.828 0.642
p 0.011 0.006

b B P19 258 Standard patrial regression coefficient; FRic: functional volume; FEve: functional evenness; FDiv: functional divergence; FDis:

functional dispersion; Rao: quadratic entropy

3 Wit

3.1 BERAEYIDIRE ZAEE S YR 2R Y O AR

FETK I T Z REE DD RE 2 FE AR AT 2 2 O AR SCME: , TEAN W] B RV R BRI T 2 R I AR [ 9 5C
FUOM DIREEE B FRic SYREE A RA B IEHSCCR 0 RAT AR I8 S i A PRl
AP IRE R Y MBI B AR RS WA 78 BT 5, Li % A Niu ™ S5 0K
Yok 4w IR REAS 58 U DI RE 0 B2, I W T BE 2 I RE U $2 it — LU R [R) T W Ap ZAEVER OC THE S A=
AR R T REY S R AL FEve S4FPF & 3 2Z 18] —MgA R 0 A OG0 Rl FEve T £ b
S IR BT o B A 25 ) A 28 SRR SR Ak 2 7 DA TR 15 A Y O ST A & B FEve 54 FH S B L 6
FAEIEZR AR X 25 52 1L I SR ARMA Tl R4 14 20 P T A T 9 58 I % B AT R 1 40 Rao 1) BE B 46
B FDiv 5 Pielou Y25 A8 B0A B2 MM, M BE /245 2L FDis 590 3% &  Pielou 32 & Fl Shannon £
FEVE AT 2 AR S 5 6/ NGB AR O 25T LU PG SCOR T v i AR ARV 1) 2R PR I R S R R AR S
RE ZREMEFR SR A MR B3, B FDiv 5 Shannon ZREMEFE B 38 TR 56 | 1M i X 1 19 SR IR 2 2R
ARG B B Y RIS I A R SRS O R R XD RE 2 REE IR I8 5 R i 2 S AR A o E R
TN e R i FE R JFAB )Y FDis A1 FDiv 55 Simpson PUH#YEHE BURA 2 AH IS | T7E /& 28 B fa) vh A0T0A Ut
MG, WIRhZ RN RE 22 FE IR 52 B0 58 AR OGP | A AT BB IR o OB 35 12 B AR PR iy . 1R
W5 D REZ FEE T T 7 i SR B BB BB OOCR SRR S AR AR B S A Wy MR i S A il
SN A E S W o = AR

AW UL WSS A AR REFA AL RS REA A DI RE & FEFE 2K FRic SR E & B 5 W3 IE ARG
WA T FRXERE, RYIR F B EIFA RS 22Ut 5, AR RS 5 R
FEve SHh Z AR AR SCHAR XA, RS WA 55 B BA IR O &R, 5 AR Fh Z AR PE R S0 B & G
P 38 XS B A T PR AT BB 2 PR R AN [ B i 2 B AEAS [] () BRI W i) 2 s R B LA i B S R
A —E SZ I, R A AL RS TEYS 1Y ) RE B 18U 46 4 Rao \FDis \FDiv 34 5 Simpson M3 R R LM R A
HA B E AN, WS A RUE EBREVE 1Y Simpson DLFEFEEOAT LUEEACRAE N RE BT AL . DR R AR I
PRI 22 B R, PEIRARS SN AE b | TR BT R AT AL/
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3.2 BEBAEY) D e 2R PO ER A B 1 e [0

AR T ZE MY N, A [R) R A0 B 0 KBRS o B | 385 00 K 2 S5 K IR B N 7 A AE S bk
AL, AR R AR S A AR R R T IR A R R A A 4R 0 AE N AR A, AR T A R g
REMEIRAL A AR TESRIG " LR B ThRE SREVESR RO VB IRBE I & 1L 23 () 284k, R 2 50Tl fig 2 RE PR KUkt
VR THE S A, SR 2R AR a7 RIS D TR B R R FRic I RESS S EE R
B FEve  DIHE B AU TE 4L FDis \Rao ¥ 504k BT W 20 6 R, R HRME BEXT D g 2 AR vk B S 52
Wi, 31X 5 Zhang " & FHERERER G 0T AEYIZRETE B SCHEERS R R 2 A S5 e — 3, 78 XL B AR AL BS B
b BEE TR RN, BETE D R AR 2 R RS DI REF & BEFR 4K FRic  TIBEX 5] EE 54U FEve  DJfiE
SIHUAE L FDis Wbl 2 vel)s | 13X 55 [ AT 48— 807 L 3 FRic BEE WK T e i JE R Rl A A A
SHFHR A T S B0 PR, TR PR T AR A A KRR T A A R RO D TR s R AR T S RE IR
AOBE AT RIS [ FRic BIIR/D, FEve 32 BEREL T AR Y4 PRBE W2 I8 A0 A F ek st | Bt 25 Vg 3 10 7
15, FEve W80 /0 , 156 BH 15 1A 1 DX 7 L S THE i TR R J2 R 0 A AR BB 1 X P05 9 U5 1 R FHRICRAIG, TRV
ILAF YRR IR 1 5 S BB NP EN s — H A2 80T AR ELIR R

FDiv #1 Rao fE R THEE IR ShBE VIR FRAE B0 SRR ARBFSEh , T BE RS U F5 %L FDiv Rao 3
Bl 25 AR A TR R i RS P Bai B IFSE SIS AN — B, (H S k24 U R e AR BB
L5 —2L, FDiv Ml Rao R %)= MidG i, ol B2 i T = T4 b DX I B2 A AR, BB 3k 1 IR PR B 1 P b
B BRI ECE AR RO/, FEARRCR R 5e B IREE R I, W Fh a2 e 728 B A AR e R AR TE 2
YR E S RERR ARG N, IS SR — 2 R W T RV AR AR S 25 5 52 B PR AR R A 52 > {H Rao
IR 2 SO BELFENE (FD) IURRIL
3.3 BBV SRR TR CR

TR B ASE SR B 1) S5 i DR = R e AR K P o B LR R DA R I A ke ) 2 5
il ¥ A0 A 2 AE R0 Rh o0 AT et Sy L o SR FH 4 7 1T 8 MU 5 S 7, 3ok 6= A g DR~ XA 40 A 6 1452 i o /N RUBE IXC
BRI Y R B T BE 22 BRI A R B R DR RIS S R L A M R A R AR, Ra
SN Rk 1 ) B A I R R YR T BE Z REMEAT AR R AGRE MR, TSR AR A R R K 1D 3T AR AR R AR
MHEARIZREZREMER FERF 1M Bai S5 DR = BN & LA I8 Th g 2 Re vk B S B
BEAE S X K LB R MRV 0 b B AR DE I FE AR 2 T AR OS5I, ANIF TS R IX] L X JRE £ A S AE v
ARIZH YD fie A0 5 Y R -2 28 1A 23 B A 3003k 5 B T D g oA 1 A S 352 ) T HG A G 43 b B
T A RS (2 SIERH T V3 2 S e B 2E R 455 # R 2 R v () L EREE [R 71 i 4B B 3R AS AT RE R AR
W TR ARG R0 B A il A ST DI RE A | — 8 B 5 ) 31| At — e e [N 3000 9 R, BEVS Df
FEMETEAN [V 3 30 o 9 22 S M 3 AU A AR AR AL sz i), T2 A IR I 22 S E S5 2R . At
SRR FEve 1052 B B9 & 520, L3507 A A ' BB Aot | T B A vy, A AR BB S AR ff- M R B BHDOYE , HE9)
BETE VAR AT AT N34 5] TAE N AARY) R T BOE Z /9 BHOG, Al RS B 2 M A KA RO FE R A HL T, 1)
Fift 22 B A3 A5 AN 33 FEve BYIS/N

YA AZ B - a9 52, IS AR AL 2 ) T AR08 5 0 R AR ORI, 5 | i
PR 78 S I TS B A A7 Y R BEE e 2 PR A2 3N T RO R R [R], 4B BA S e iF
R F A 2D AR T B Z2 AR PR I A 0 338 R0 s X AE W RV AR 1) 2 R s i e R, T 4 S8l 15 8 XL 5 2
REZREVER A, RN I AW 5 i 5 B S5 M R T 2 RE PR IA A 3965 K R R R WA A P BV e R A
IR R, B A K LI BE L RE PRI T I K AL T AL — A METR A MRTE K 2 B Th i 2 RE v £ 22
F| 3% PH W52, 5 EIRBFE AR, XL RE A AL RS B VE HE AR JZAEY) FRic \Rao \FDiv £ 5|+ p
B2, FDis EZZ ) 3 N (52, AR T A4S RGN DI REE 11 32 BB F 1 A 2 D e PR R i 3t
R M bh | 39 A2 A0 S5 PR R 16 XD L 3 X R A A RS BRI TE AR IR I T RE 2 REME A 25 B8 1

http ; //www.ecologica.cn



21 4 Bk 25 XL RE A A B R VA TE A2 D BE 2 ek S B T A0 BE (9 22 1 11

o RN TR R S S TERER I REZ PR AL

Bt Iz A5 B B R SR TAE L IRE B (2015FY110300) , KA 35 1] 5T AN 5K AT S0 T B AME 2 78
1 — R g |

22 3R ( References)

[1]
[2]

[3]

[4]

[5]
[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Petchey O L, Gaston K J. Functional diversity (FD) , species richness and community composition. Ecology Letters, 2002, 5(3) . 402-411.
Roscher C, Schumacher J, Gubsch M, Lipowsky A, Weigelt A, Buchmann N, Schmid B, Schulze E D. Using plant functional traits to explain
diversity—productivity relationships. PLoS One, 2012, 7(5) : €36760.

Zhang J T, Fan L H, Li M. Functional diversity in plant communities: Theory and analysis methods. African Journal of Biotechnology, 2014, 11
(5): 1014-1022.

Lavorel S, Grigulis K. How fundamental plant functional trait relationships scale-up to trade-offs and synergies in ecosystem services. Journal of
Ecology, 2012, 100(1) . 128-140.

T v0 S Bl 5 A Y AR R S AT T e . TS PR LR M43, 1998, 4(01) @ 96- 100.

Dunck B, Algarte V M, Cianciaruso M V, Rodrigues L. Functional diversity and trait—environment relationships of periphytic algae in subtropical
floodplain lakes. Ecological Indicators, 2016, 67, 257-266.

Bai X H, Zhang J T. Functional diversity research of forest communities in the Xiaowutai Mountain National Nature Reserve, Hebei. Acta Ecologica
Sinica, 2018, 38(2): 67-75.

LR, Tk, SRR, XU, XI4ff, Jash, ska, BT, K28, 24, WL SRR SR SRS HETERY G R,
A2, 2017, 37(5) . 1472-1483.

Feng G, Svenning J C, Mi X C, Jia Q, Rao M D, Ren H B, Bebber D P, Ma K P. Anthropogenic disturbance shapes phylogenetic and functional
tree community structure in a subtropical forest. Forest Ecology and Management, 2014, 313 . 188-198.

Van De Peer T, Mereu S, Verheyen K, Saura J M C, Morillas L, Roales J, Lo Cascio M, Spano D, Paquette A, Muys B. Tree seedling vitality
improves with functional diversity in a Mediterranean common garden experiment. Forest Ecology and Management, 2018, 409 614-633.

Bu W S, Zang R G, Ding Y. Field observed relationships between biodiversity and ecosystem functioning during secondary succession in a tropical
lowland rainforest. Acta Oecologica, 2014, 55 1-7.

Ruiz-Benito P, Gémez-Aparicio L, Paquette A, Messier C, Kattge J, Zavala M A. Diversity increases carbon storage and tree productivity in
Spanish forests. Global Ecology and Biogeography, 2014, 23(3): 311-322.

Swenson N G, Anglada-Cordero P, Barone J A. Deterministic tropical tree community turnover: evidence from patterns of functional beta diversity
along an elevational gradient. Proceedings of the Royal Society B: Biological Sciences, 2011, 278(1707) ; 877-884.

HF, B/NEE ) shifE R, Ja SO, PR IR 06 LU PG DR LU M R R MRS B b e MO RE AR s . P LA 23, 2017, 37(5) :
992-1003.

T, ZRR, XE. A R PERITHERE MR, AR, 2016, 35(6) : 1467- 1474,

PREMT, PREOE, 250, BESCH, TR, BRER, 200 PEIFRILASRE SR %R, 2012, 32(20) : 6326-6333.

SR, WA B, U, BT, R, ZEBEAR, EAETE. K A RRE RS IV ) Fh 2 B 0 T TR BN B AR A R AR . AR TSR
2015, 35(1): 125-133.

IR, TR, THICLL, BRI, AR, B AR IR 2RI O SR B PR B AR LU R, 2018, 36(5) : 699-708.

FRARSE, slebkise, EXE, XIEF, RE. I XL ER G B RO AR TR0 & htpy 23 )28 4. T3, 2014, 46(2) : 262-268.
SRECR, Bibely, HETF, TR, skal. (NPT (LGSR DI REZ AR, M)A 4R, 2016, 51(2) : 218-225.

PREEST, sk, IR S REVEIR B LUACRIT L. TR RL2:, 1999, 17(S1) ¢ 55-57, 71-71.

rh R B b E AR S g 2 D2, P A, JERT: BRI R, 2004

Mason N W H, Mouillot D, Lee W G, Wilson J B. Functional richness, functional evenness and functional divergence: The primary components of
functional diversity. Oikos, 2005, 111(1): 112-118.

Villéger S, Mason N W, Mouillot D. New multidimensional functional diversity indices for a multifaceted framework in functional ecology. Ecology,
2008, 89(8) : 2290-2301.

Botta-Dukat Z. Rao’s quadratic entropy as a measure of functional diversity based on multiple traits. Journal of Vegetation Science, 2005, 16(5) :
533-540.

HHT, T, DOCE, A, R YIRS R R S AR R AR RUIF IR, EBFEE, 2016, 25(6) : 1069-1075.

http ; //www.ecologica.cn



12 LSRR S 39 &

[27] LiuGF, Xie X F, Ye D, Ye X H, Tuvshintogtokh I, Mandakh B, Huang Z Y, Dong M. Plant functional diversity and species diversity in the
Mongolian steppe. PLoS One, 2013, 8(10) : €77565.

[28] Bu W S, Zang R G, Ding Y. Functional diversity increases with species diversity along successional gradient in a secondary tropical lowland
rainforest. Tropical Ecology, 2014, 55(3) : 393-401.

[29] VPA&A, SRR, G, X006, 55, vre, XIHESR, ZRR07m, i mg JQuUd B LU b R MOV GEE 2 0 R D BE Z MM RAAE. A 23R,
2016, 27(11) : 3444-3454.

[30] Biswas S R, Mallik A U, Braithwaite N T, Biswas P L. Effects of disturbance type and microhabitat on species and functional diversity relationship
in stream-bank plant communities. Forest Ecology and Management, 2019, 432. 812-822.

[31] DiAz S, Cabido M. Vive la différence: plant functional diversity matters to ecosystem processes. Trends in Ecology & Evolution, 2001, 16(11) :
646-655.

[32] Tilman D. Causes, consequences and ethics of biodiversity. Nature, 2000, 405(6783) : 208-211.

[33] Li W, Cheng J M, YuK L, Epstein HE, Guo L, Jing G H, Zhao J, Du G Z. Plant functional diversity can be independent of species diversity:
observations based on the impact of 4-yrs of nitrogen and phosphorus additions in an alpine meadow. PLoS One, 2015, 10(8) : €0136040.

[34] Niu K C, Choler P, De Bello F, Mirotchnick N, Du G Z, Sun S C. Fertilization decreases species diversity but increases functional diversity: A
three-year experiment in a Tibetan alpine meadow. Agriculture, Ecosystems & Environment, 2014, 182; 106-112.

[35] WEfEde, EW, Beial. (P TORE AR AR AR I RE S e, 2R 25224, 2015, 35(21) ; 7023-7032.

[36] Schleuter D, Daufresne M, Massol F, Argillier C. A user’s guide to functional diversity indices. Ecological Monographs, 2010, 80(3) : 469-484.

[37] k== HHEAM TR IX 15hm® SRR ML ARMREE 2540 e ZREpE[ D] dbat. dEathiall k2, 2016.

[38] ASHEEE, JRH, XS, JHI5, S8, 2, RS i RS SRR R YR DI RE S 2 B R RE DR e . e AR S
i, 2018, 29(2) . 343-351.

[39] #F ZHEINERFMRA AW ZSHMEIR [ D], L. LRk, 2014,

[40]  BA/NIE, Z2it, Sl ILITH SO I i AR MRS 2RV, A4, 2017, 37(4) : 1093-1102.

[41] TN, SRTUE. ShREZHENE RICHTF s k. 38274, 2010, 30(10) ; 2766-2773.

[42] Ricotta C, Moretti M. Quantifying functional diversity with graph-theoretical measures; advantages and pitfalls. Community Ecology, 2008, 9(1) :
11-16.

[43] Zhang J T, Zhang B, Qian Z Y. Functional diversity of Cercidiphyllum japonicum , communities in the Shennongjia Reserve, central China. Journal
of Forestry Research, 2015, 26(1) . 171-177.

[44] Lohbeck M, Poorter L, Paz H, Pla L, Van Breugel M, Martinez-Ramos M, Bongers F. Functional diversity changes during tropical forest
succession. Perspectives in Plant Ecology, Evolution and Systematics, 2012, 14(2) : 89-96.

[45] K&, JmR. YR IIRE LM R F L. LR, 2011, 29(5) ; 513-519.

[46] DICE. MR RPE KAMEY ZHMESESRENRECRMBIF[D]. dtat: PEMBAFFRBE, 2013.

[47] KRzm, EFE, B, WAL B K13 8 L R A IR 2 RS2, A3k, 2016, 36(21) : 6823-6833.

[48] BemeMy, FHETF, R, sk, Ve A B BT i A A B0 BE 0T SRR . A5 4, 2016, 51(1) ; 40-48.

[49] S, B/NR, BN, BESE, 25 U RO AR AL A TR LRl BRI R B A M. AR Z R, 2014, 22(4) ; 438-448.

[50] Mouchet M, Guilhaumon F, Villéger S, Mason N W H, Tomasini J] A, Mouillot D. Towards a consensus for calculating dendrogram - based
functional diversity indices. Oikos, 2008, 117(5) : 794-800.

[51] Fan HB, WuJP, Liu WF, Yuan Y H, Hu L, Cai Q K. Linkages of plant and soil C:N:P stoichiometry and their relationships to forest growth in
subtropical plantations. Plant and Soil, 2015, 392(1/2) : 127-138.

[52] AJUH. MR A0 L3 SR AR AR RE SRR SCR [ D] JEat: dEathfilk R, 2014.

[53] Ouyang S, Xiang W H, Wang X P, Zeng Y L, Lei P F, Deng X W, Peng C H. Significant effects of biodiversity on forest biomass during the

succession of subtropical forest in south China. Forest Ecology and Management, 2016, 372: 291-302.

http ; //www.ecologica.cn



