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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 (FD) 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 it
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.
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Table 1 ANOVA for the effects of clipping, fertilizing and watering on the species diversity and primary productivity in alpine
meadow

5 Rk Frinf J D R PP
Source of variance df (m, n) F-test P F-test P F-test P F-test P
FIX 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 0433 0623  0.581 1357 0355 18.100  0.010%
X F 1,18 5.134 0.036* 6.354 0.021* 22.392 0.000%** 62.006 0.000%**
Subplot w 1,18 1.427 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 0.914 2.041 0.159
SR Total variance 35

1,0.05<p<0.10;*, p<0.05; **, p<0.0l.m AP EME; n, BREAHE.B, X4 C, X&; D, FEHRIGEG F, WL J, B EREG PP, 4]
AEFEII; R, MR ARG W, Bk x, SCHAEH.

F,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. %, interaction.

w2 ONIEL AN GE AT R ) Dy RE 2 AR WA 1K) )5 22 3 W
Table 2 ANOVA for the effects of clipping, fertilizing and watering on the functional diversity in alpine meadow

AR S S A e FDacw FDy FD, FDipw FDs14 FDsiw FD 6 traits
Source of variance dfmn)  prest  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%*
Il X F 1,18 1.475 0240 0.721 0.407 0.488 0.494 1.440 0.246 8.598 0.009** 8.729 0.008** 4.335 0.052F
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 0358 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 3.756  0.068+ 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 0.870 0.018 0.982 1.641 0.221 0.898 0.425 1.707 0.209 1.763 0.200 0914 0.419
AR Total variance 35

1,0.05<p <0.10; *, p < 0.05; **, p <0.01e FD4v FDugw~ FDy~ FDipw~ FDsisn FDspHFDgains 7 ZR NI TR i BEE. fEAR S, o
T, AL R MER G I I IR Z AR my ny BL CL Fu W, x &I,

+,0.05 <p <0.10; *, p < 0.05; **, p <0.01. FDy, FD 6w, FDu, FDpw, FDs14, FDspand 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. 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, 1 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%’ﬁ’m FDAGW FDH FDA FDLDW FDSLA FDSLW
Plant trait
FDy 0.305
FD, 0.242 —0.074
FDypw 0.470%* 0.173 0.644%*
FDg4 0.106 -0.051 0.023 -0.015
FDg1w 0.169 0.002 -0.077 -0.116 0.855%*
FDeg raits 0.726%* 0.416%* 0.464%* 0.610%* 0.575%* 0.560%*

*, p<0.05 **, p<0.0lc FD4sv FDugw~ FDyv FDipw~ FDsiun FDspyHFDg s 73 275 LA IR

L EA MR A I TSI D REZ FEE

Mo R ARSI, BT AR

* p<0.05; **% p <0.01. FD4, FD6w, FDu, FDypw, 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.

a4 ONE ENERIGE AR i FE R PR B S 1) 5 2 93 B
Table 4 ANOVA for the effects of clipping, fertilizing and watering on the value of plant traits in alpine meadow

A5 B Sfe 4 AGW (g) H (cm) A (em’) LDW (g) SLA (m*kg™) SLW (kg'm2)
Source of variance af(mn)  pest D F-test P F-test P F-test P F-test P F-test P
T B 2.4 4167 0105 0368 0713 0822 0502 0021 0980 2689 0.182 1885 0265
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* 4.109 0.107
FIIX 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  0.0707 2.018 0.173
CxF 2,18 0.489 0.621 2.009 0.163 2.037 0.159 2405 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
R Total variance 35

,0.05<p <0.10; *, p <0.05; **, p<0.01. 4, HWIHF; AGW, Hh bE; H fEkk S B LDW, WT5; SLA, TR SLw, it &E. m. n. B.

C. F. W. x [#1.

F,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; SL4, 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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Fig. 3 Effects of clipping and fertilizing on the value of plant traits (mean + SE, n = 36). F, H1, H3, NF, NH indicate fertil-
ized, stubbled 1 cm, stubbled 3 cm, unfertilized, unclipped treatments, respectively. The same upper case (or lower case)
letter above error bars indicates no difference (p > 0.05) among treatments. ns and * indicate significance of interaction effect

p>0.10 and p < 0.05, respectively.
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Table S Correlation coefficients of the value of plant traits in community

MR Plant trait AGW (g) H (cm) A (cm?) LDW (g) SLA (m*kg™)
H (cm) 0.931%*

A (em’) 0.921%* 0.953**

LD (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 WM, AGW, H FE; H, FESE; LDW, WT-5; SL4, tHmas; SLw, s,
* p <0.05; ** p <0.0l. 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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