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Abstract

Aims  Although much attention has been paid for the relationship between the biodiversity and ecosystem func-
tioning, little is known about the ecosystem consequences of changes. In addition, the question whether species
diversity (SD) can co-vary with functional diversity (¥D) is unanswered. We used the Rao index to quantify FD in
order to explore this question through comparison of different components of biodiversity and their effects on
primary productivity (PP).

Methods A field manipulation experiment was conducted in alpine meadow at the Haibei Research Station of
the Chinese Academy of Sciences from 2007 to 2010. The experiment used a split-plot design with clipping
treatment in the whole plot using three clipping levels (stubbled 1 cm, 3 cm and unclipped). Subplots were treated
with fertilizer (urea 7.5 g'm >-a ' + ammonium phosphate 1.8 g'm *a ' and unfertilized) and watering (20.1
kg'm *-a ' and unwatered). General linear model univariate ANOVA, correlation analysis and regression analysis
were used to analyze the effects of the treatments on plant functional traits, biodiversity and PP, as well as the
relationship among them.

Important findings The clipping and fertilizing treatments had important effects on plant traits and PP. There
were no significant differences in SD among the clipping treatments, whereas the FD quantified by distinct traits
showed different trends across clipping treatments. Fertilization increased PP but decreased both SD and FD (ex-
cept FDy). Watering affected weakly only the Richness index (R). Correlation analysis indicated that the FDg aits
reflected functional divergence better than the FD calculated by the single trait. Regression analysis showed that
there was a significantly positive and no correlation between SD and FD, respectively, and the relationship among
SD, FD and PP followed three patterns: significantly positive, negative or no correlation, i.e., the relation forms
were not only trait-dependent but also were related to disturbance and soil resources. Plant functional traits have a
more direct influence on PP.
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Fig. 1 Quadrat design layout of subplot. F, fertilized only;
FW, fertilized and watered; NFNW, unfertilized and unwatered;
W, watered only.

P15 m x1.5 mys [ AT BRI N 4
AM0.5 m x 0.5 mALIAE Ty, b 1A K g
AR AKRETT, FIAR3A TP IR E -

A 47 it AL 2 DA 24 b s AN T R b B e i
NEE225 kekm 2SR 2N KE, 43 H0i5E, 40T
57 A EEAT o BFIRWE R 2.5 gm” (AN
20.4%), W 4%0.6 gm* (5N 5.9%, P 28.0%). Jiti
JE 5 5 A B k4.5 kgrm 2, PR K A 4 K
[12.4%. %2007 F120084F [F1 54k 73 #1 Sw7s, Be7K I
EH AN B35, 502008 4 Ji5 A Ik B8 /K &= 1 £ 6.7
kgm?, HERKERI3.6%.
1.2.2 BRAENE

A8 HWIAT BEVA W A, VUK AKRE T I8
PR, SRR WREREE . W BRI 2T A
Xt % ¥ (relative abundance)ih 31 80% 5t fE 74 DI <
F2E A #(Garnier et al., 2004), IR AN 2 B
AR bR AT ARt . RG . B5 8 i 3 25 (Leps
et al., 2006). ASCUAIRNEBAETHIILARN 2 82, LA
CEA IR R IE AR Ak o 520094E I E 45 5L,
B RTFIAS0% I AT 26 N b, (B T4 L h
(AN S PRI 5 AR R e, S5O E AR AR R PR 4
PR I REZ R, PRI2010478 H e i 4
i 7RI MR, H R EEE R T70%.

201048 H 4], LEAREAN il X AL B (1) 3R A 1R
I A 5 v BE AL SRR B 0 4 e ) Ak RE AL, T
Wik St g H RO GH R4 (C1-203,
FECID A w HE 4y 2], JER0O e sk, i

www.plant-ecology.com

PR AR o R S HUTHT B 1, 60 CHET72 h, R
WL, WP, PP AN AR BT e R
(specific leaf weight, SLW, kg-m?) il Lt i [fi #1
(specific leaf area, SLA, m*kg "); PRI 5E 45 A,
¥ 7K AKRETT P I RE A 57 H DA E, 60 CHETF72 h,
FREE . LAPRUON N B 52 RE R Bk b Bk
7= J1(primary productivity, PP)f1tit1
1.3 ¥Rt ESHKITS
131 E=EEEIV

Yy A (important value, V)45 28 30 (4%
J&, 1998):

1V = (AHOF 3 FE+RERT 5 B0 i FE)/3
1.3.2 % #1%SD

VIR Z FEESDUAS A e 44U Simpsondi £D
AP Fh 5 R RAE(S 7RI K, 1994):

S
J=H'/H'wx; D=1-)'P’; R=S
i=1
A A, H'JyShannon-Wienerff4; SHAK AKFEH N IH
YIRhEL, PORFETT S AN R R A .
1.3.3 IIEESHEIFD
IR Z A FDR FRao 24U (Leps et al., 2006)
T
S S
FD=Y Y d,PP

i=1 j=1

X, SAYIRELG PAIP 5 0 S5 iAW R AE T T
W E S d YRl 2 TR PEIR A S, B
25, 0 < dy < 1,dy=08d;= 153 BRI
(IR 56 A A IR BRAN R o ASSC o V55 T Af A b |-
H(AGW). FFE R FE(H) W ELDW) HHHAR(A).
b TR (SLA) AT EL B (SLW) 6/ MPEIR R A AN PEIR
(BAFD i 7)) LA S 6 AR 5 I J5 (BAF D raies K 717)
) RE 2 A TEAE .
1.3.4 $itoh

DA i A Be K AR A ] R 3., X4 A A
BEHLK 2, FISPSS 16.0-GLMH Univariate ANOVA
I3 T A5 AR B DR 28 R AT AR G i AR R FR S
SRR 1) 1) 22 B LR Duncan [ 5 o 48120 #r
R B AT IEAS TR 7 2255 PR 3G, FE 23 ikt
173 PO R0 A= ) A AT I 5% R B
X H B B AT S O M 4 . 43 ) FH SPSS 16.0-
Correlate fll Regression 2 J7 43 B 47 O A% 5[] (1) AH K



RIS X LA O R IR AR 2 AR DIREZARIE SRR DI R RIS 1139

LR ZRENE . DR 2 FEE R ZLA= Jg TA
MIHKR R BL RG22 K- hp < 0.05.
SCH RS 1 FH AR 122 7K F0.05 < p < 0.10.

2 RO

2.1 Mz
Rk 22 RETE (BL G &) BEFR A - 2 AR
)R BTG 3 e, AR I AT
BEARAEFHGER D T3 2 FF MR br e Tt AT
b BRTA) (AR — B, SO A A = B R &

2.2 IheEZ M

FDppwHIFDyg raies 2 N 1) 3235 52 0 (R 2), —
A T R R R BRI A B ) G A 2 e, R B
i TANE AR BE(E12), BERAEIE T i B AIZR
A ORI R R 2 R . R E X FDyow 5 WSS
FDyowfE &S5 ENE R JE 2 5, HI R E
ANE ., NFEIXFDy FDy FDsp M FDsp w3
RO (#2).

JitE AEAR Sl 5 BEAIK T FDspa~ FDspw, 1859 B#AK
FDg traits (225 K2)o PEKITINAEZ FETERI LA B

R(E2)o GRARDUASS B IR T8 (R D). o MAEX BRI HAE XS FD ggwst Mk, be

R ONEL LA GE AT = R b 22 REE AN 2R ) S i) 5 22 53 W
Table 1 ANOVA for the effects of clipping, fertilizing and watering on the species diversity and primary productivity in alpine
meadow

AR 4 J b R P
Source of variance df (m, n) F-test P F-test P F-test P F-test P
EX B 2,4 3.824 0.118 0.704 0.547 1.998 0.250 0.342 0.729
Whole plot C 2,4 1.040 0.433 0.623 0.581 1.357 0.355 18.100 0.010%*
FIX F 1,18 5.134 0.036* 6.354 0.021* 22.392 0.000** 62.006 0.000%**
Subplot \ 1,18 1427 0.248 1.999  0.174 3.910 0.064+ 0.080  0.781
CxF 2,18 1.900 0.178 1.589 0.231 2.303 0.129 6.765 0.006**
CxW 2,18 0.085 0.919 1.446 0.262 1.377 0.278 0.237 0.792
FxW 1,18 2.543 0.128 2.465 0.134 1.742 0.203 1.073 0.314
CxFxW 2,18 2.075 0.155 1.044 0.373 0.090 0914 2.041 0.159
AR Total variance 35

1,0.05<p <0.10; *, p < 0.05; **, p < 0.0l m, WFAMLEE; n, WEAWME.B, X4 C, MFE; D, =5k EG F, ML, J, W5 EREG PP, ¥
HEF I R, PR R ARG W, WK x, ZCHAEH

T, 0.05 <p <0.10; *, p <0.05; ** p <0.01. m, degree of freedom in treatment; n, degree of freedom in error. B, block; C, clipping; D, Simpson in-
dex; F, fertilizing; J, evenness index; PP, primary productivity; R, species richness index; W, watering. X, interaction.

T2 NI TEIEANGE AR R ) D RE 2 AR IR R WA ) 5 22 53
Table 2 ANOVA for the effects of clipping, fertilizing and watering on the functional diversity in alpine meadow

A S spe e 1 H FD FDy FDy4 FDrpw FDs14 FDspw FD 6 traits
Source of variance df(m n)  Fest p F-test p F-test p F-test p F-test p F-test p F-test p
FX B 2,4 0.658 0.566 1.221 0.386 0.210 0.819 2.887 0.167 0.247 0.792 0.510 0.635 3.379 0.138
Whole plot C 2,4 6.025 0.0621 2.214 0.225 1.656 0.299 11.353 0.022* 0.074 0.930 0.235 0.801 7.975 0.040*
=S F 1,18 1.475 0.240 0.721 0.407 0.488 0.49% 1.440 0.246 8.598 0.009** 8.729 0.008** 4.335 0.05271
Subplot w 1,18 0.298  0.592 0.196 0.664 1.708 0.208 0.351 0.561 1.543 0.230 0.004 0949 0.027 0.871
CxF 2,18 1.089  0.358 0.023 0.978 0.754 0.485 0.620 0.549 0.561 0.580 0.609 0.555 0.322 0.729
CxW 2,18 0.126  0.883 0.187 0.831 1.102 0.354 1.851 0.186 0.558 0.582 0.263 0.771 0.126 0.882
FxW 1,18 3756 0.0681 1.243 0.280 1.010 0.328 0.056 0.816 0.016 0902 0.014 0907 0.308 0.586

CxFxW 2,18 0.140 0870 0.018 0.982 1.641 0.221 0.898 0425 1.707 0209 1.763 0.200 0.914 0.419

AR5 Total variance 35

1,0.05<p<0.10; *, p <0.05; **, p <0.0le FD4v FDagw~ FDyv FDipw~ FDspan FDspFHFDg e 70 MR AT, Mo EAE L Rk R o)
T, i e EReMEREG I E DR L. my ny B C. Fu W, x A1,

T, 0.05 <p <0.10; *, p <0.05; **, p <0.01. FD4, FD 6w, FDy, FDipw, FDsi4, FDs.wand FDg wits indicate the functional diversity calculated by the
leaf area (4), above ground weight (AGW), plant height (H), leaf dry weight (LDW), specific leaf area (SLA) , specific leaf weight (SLW) and the
average of the six traits, respectively. m, n, B, C, F, W and x are the same as in Table 1.
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Fig. 2 Effects of clipping, fertilizing and watering on the species diversity, functional diversity and primary productivity (mean +
SE, n=36). F, H1, H3, NF, NH, NW and W indicate fertilized, stubbled 1 cm, stubbled 3 cm, unfertilized, unclipped, unwatered and
watered treatments, respectively. The same upper case (or lower case) letter above error bars indicates no difference (p > 0.05)
among treatments. ns, T and * indicate significance of interaction effect p > 0.10, 0.05 < p <0.10, p < 0.05, respectively.
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Table 3 Correlation coefficient of plant functional diversity index in community

*E%lﬁ% FDAGW FDH FDA FDLDW FDSLA FDSLW
Plant trait

FDy 0.305

FD, 0.242 -0.074

FD;pw 0.470%* 0.173 0.644%*

FDg; 4 0.106 -0.051 0.023 -0.015

FDgw 0.169 0.002 -0.077 -0.116 0.855%*

FDg raits 0.726%* 0.416** 0.464** 0.610** 0.575%* 0.560**

* p<0.05;**% p<0.0le FD4yv FDyow~ FDys FDipw~ FDspan FDspyFIF Dy irains 53 M ZE 78 LA THIFH

HF R MER G I B DI Re 2 ARk

Mo B, REAREBE. MR, BEMTAR,

* p<0.05; ** p <0.0l. FD4, FD 6w, FDy, FDipw, FDsp4, FDspw and FDg s indicate the functional diversity calculated by the leaf area (4), above
ground weight (AGW), plant height (H), leaf dry weight (LDW), specific leaf area (SLA), specific leaf weight (SLW) and the average of the six traits,

respectively.

R4 N TENEAGE AR S AR MR A WA 1) 5 22 53
Table 4 ANOVA for the effects of clipping, fertilizing and watering on the value of plant traits in alpine meadow

A5 R 4t AGW (g) H (cm) A (em’) LDW (g) SLA (m™kg™) SLW (kg'm'2)
Source of variance df(m.n)  Fest p F-test p F-test p F-test p F-test p F-test p
FX B 2,4 4.167 0.105 0.368 0.713 0.822  0.502 0.021  0.980 2.689 0.182 1.885 0.265
Whole plot C 2,4 328.859 0.000** 125.486 0.000** 70.935 0.001** 115.615 0.000** 13.014 0.018* 4109  0.107
=S F 1,18 0.038 0.849 28.371 0.000** 43.711 0.000%¥* 10.968 0.004** 10.473 0.005**  5.571 0.030*
Subplot w 1,18 0.262 0.615 0.029 0.868 0.888 0.358 0.797 0.384 3.719  0.070% 2.018 0.173
CxF 2,18 0.489 0.621 2.009 0.163 2.037 0.159 2.405 0.158 2.730  0.092} 0.606 0.556
CxW 2,18 0.130 0.879 0.133 0.877 0.199 0.821 0.894 0.427 0.778 0.474 1.122 0.347
FxW 1,18 0.135 0.717 1.497 0.237 0.668 0.424 0.291 0.596 1.409 0.251 0.381 0.545
CxFxW 2,18 0.128 0.881 0.816 0.458 0.358 0.704 0.181 0.836 2.297  0.129 0.575 0.573
BARSE Total variance 35

$,0.05<p<0.10; *, p <0.05; **, p < 0.01. 4, WH; AGW, b I-5; H, fERJE; LDW, WTE; SL4, il SLw, &, m. n. B,

C. F. W. x [[A#l,

T, 0.05 <p <0.10; *, p <0.05; **, p <0.01. 4, leaf area; AGW, above ground weight; H, plant height; LDW, leaf dry weight; SLA, specific leaf area;
SLW, specific leaf weight. m, n, B, C, F, W, and x are the same as in Table 1.
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Table 5 Correlation coefficients of the value of plant traits in community

¥ ¥k Plant trait AGW (g) H (cm) A (em’) LDW (g) SLA (m*kg™)
H (cm) 0.931**

A (em’) 0.921%* 0.953%*

LDW (g) 0.959%%* 0.968** 0.977%*

SLA (m*kg™") 0.234 0.333% 0.405* 0.262

SLW (kg'm™) 0.189 0.073 0.057 0.192 —0.485%*

* p<0.05; %% p<0.0l. 4, Wi, AGW, M FE; H, HHEKEE; LDW, W-TE; SLA, LA, sLw, &,
* p <0.05; ** p <0.01. 4, leaf area; AGW, above ground weight; H, plant height; LDW, leaf dry weight; SLA, specific leaf area; SLW,

specific leaf weight.
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Fig. 4 Relationships between species diversity, functional diversity and primary productivity (logarithmic scale) in integral

gradients of clipping and fertilizing treatments.
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Fig. 5 Relationships between species diversity, functional diversity and primary productivity (logarithmic scale) in different

gradients of clipping and fertilizing treatments.
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