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Effects offunctional diversity and functional redundancy on the community

stability of an alpine meadow
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Abstract: Functional diversity and functional redundancy are crucial to maintaining the stability of a community but the
strength and relative importance of these effects remains poorly understood. In this study a field manipulation experiment
was conducted in an alpine Kobresia humilis meadow at the Haibei Research Station of the Chinese Academy of Sciences
from 2007 to 2012 with the aim of gaining insight into the relationship between community stability functional diversity

and functional redundancy. The experiment used a split-plot design with three clipping levels (stubbled 1 ecm 3 e¢m and
unclipped) used on the whole plot and subplots were treated with or without fertilizer (12.75 g m™> a™' urea + 3.06 g
m > a~' ammonium phosphate or unfertilized). Our results showed that the community stability monotonously increased with
increasing functional diversity and functional redundancy; however the effect of functional diversity on stability was greater
than that of functional redundancy given that the coefficient of variation of functional diversity under different treatment
combinations was greater than that of functional redundancy. Furthermore the degree of positive correlation between

functional diversity and species diversity was stronger than that between functional redundancy and species diversity. We

also found a closer positive relationship between functional diversity and community stability than that between functional
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redundancy and community stability. Although the insurance effect from functional redundancy may improve the stability of
a community the complementary effect of functional diversity on stability appears to be much greater. As such this result
suggests that the relative strength of the effects of functional diversity and functional redundancy on community stability is
positively correlated with the degree of variation in functional diversity and redundancy which confirmed our speculations.
Meanwhile functional diversity is more tightly related to the community stability and can be a better predictor of ecosystem
stability than species diversity or functional redundancy. Our study provides a critical insight into sustainable management of

rangeland ecosystems.

Key Words: alpine meadow; functional diversity; functional redundancy; community stability
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Table 1 ANCOVA for the effects of clipping and fertilizing on the species diversity functional diversity functional redundancy and community

stability in alpine meadow

D Q FR ICV

Sources of variance df(m n) F P F P F P F P

B 2 2) 11.407 0.006 ** 13.451 0.004 ** 3.113 0.108 14.391 0.003**

Whole plot C @ 8) 6.263  0.028" 8.723  0.013" 0.818 0.479 7.881 0.047"

F (1 2) 6.832 0.035" 26.592 0.001** 1.704 0.233 11.775 0.011"

Subplot CxF 2 8) 0.341 0.722 0.569 0.590 0.112 0. 896 0.286 0.760
BxF 2 8) 1.631 0.262 2.216 0.180 0.908 0.446 1.612 0.266
* P<0.05;%% P<0.01;m: n: ;B: ;C: JF: DX ;D= Simpson ;0: ;
FR: JICV:
2 . . ( + )

Table 2 Changes of species diversity functional diversity functional redundancy and community stability under the clipping and fertilizing

treatments (mean + SE)

Clipping treatment Fertilization treatment

Variables NH H3 HI NF F

D 0.262 +0.003a 0.278 +0.003b 0.275 +0.002b 0.275 +0.002b 0.268 +0.002a

Q 0.147 +0.003a 0.163 +0.002b 0.160 +0.002b 0.163 +0.002b 0.150 +0.002a
FR 0.154 +0.002a 0.158 +0.002a 0.158 +0.002a 0.155 +0.002a 0.158 +0.002a
Icv 0.118 +0.005a 0.144 +0.005b 0.137 +0.004b 0.141 +0.003b 0.124 +0.003a
D.Q.FR ICV I;NF F NH H3  Hl1 ;

r
2.2
T- (NHF)
- (H1¥) (P<0.05)(C 3).
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Table 3 T-test for the variability for functional diversity and functional redundancy under different treatment combinations with clipping

and fertilizing

Treatment combinations Yo am Hest r "
NF-H 0.084 £0.037a 0.021 £0.004a 1. 666 0.134 9
F-H 0.098 +0.042a 0.024 +0.003a 1.688 0.130 9
NH-¥ 0.042 +0.008b 0.029 +£0.007a 2.958 0.032" 6
H3-¥ 0.022 +£0.004a 0.020 £0.003a 0.693 0.519 6
H1-F 0.209 =0. 060b 0.019 0. 002a 3.187 0.024" 6
* P<0.05;CVigy  CVipmy i s NF-H: - P - ;NH-
F: - JH3F: - SH1F: - ; (P>0.05)
2.3 N N
(0-D) C 2) « -
(NFH) (1.131) 1 Q D (FH) o (NH-
F) Q D (H3F HIF) Q D ( 2). Q D
(FR-D) ( 2). (NFH F-H)
( 4 0—1 FR D (0. 881) (0.562)
FR ( 2). (NH¥) FR-D ( 4 0.702 FR D
( 2). FR-D ( 4 e 1 FR D .
(H3F  2) (HIF  2) FR D .
4 N N

Table 4 Optimal regression models between species diversity functional diversity functional redundancy and community stability on gradients

by different treatment combinations with clipping and fertilizing

Treatment combinations QM D(x) FR(»)-D(x) Q) +R(x) ICV(») Q) ICV(») +R(x)
NF-H y =0.523x" 1! y =0. 478" y = e( 704220117 y =0. 030> 3> y =0.022¢% 6%+
FH y=0.714x -0. 195 y =0. 479x% 62 — y =0. 063> %46« y =0.041¢* 704
NHF y=0.659x - 0. 142 y =0.4842%77 y=0.357¢% 44 y=0.059¢* %7~ y=0.047¢* 3
H3F y = (04297108775 y =0.203¢" 503 — y =0.044¢* 741 y=0.028¢> %"
HI1F y=1.106 -0.582/x y =0. 272" 53¢ — y =0.049¢*321% y =0.052¢*41*

(Q+R) (NF-H) S (FH)
( 4 2). QR (NH¥) (H3¥ HI¥)
( 4 2).
(1CvV-Q) (ICV+R) 4.
4 ICV Q FR  2).
« 4 ICV Q@ FR « 2).
2 ( ro)
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Fig. 2 Optimal regressive relations between species diversity (D) functional diversity (Q) functional redundancy (¥Q) and community

stability (ICV) on various combined gradients of different levels of clipping and fertilizing
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Table 5 Stepwise regressive analysis of the effects of functional diversity ( x,) and functional redundancy ( x,) on community stability (y)

under different treatment combinations with clipping and fertilizing

2 F P
Treatment combinations Regression equations R df(m n) Tolerance
NF-H ¥ =0.551x; +0.490x, 0.831 220.381 <0.001 2 87 0.707
FH y=0.728x; +0.472x, 0.853 258.820 <0.001 2 87 0.977
NH-¥ y = 0.738x; +0.416x, 0.862 185.572 <0.001 2 57 0.941
H3-F y = 0.619x, +0.610x, 0. 886 230.527 <0.001 2 57 0.968
H1-¥ y=0.832x; +0.529x, 0.890 255.388 <0.001 257 0.993
o Petchey o
(intrinsic redundancy) (extrinsic redundancy)
53 9
29
R ( 1 ) 16
¢ 2
( 2). (  Shannon-Wiener
H ) 1.5 3.5 4.5 N H =3.99
4.28 o
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