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Abstract: Species diversity ( SD) and functional diversity ( D) have previously been reported to be associated in a variety
of ways and identifying the relationship between these two parameters is important for our understanding the relationship
between biodiversity and ecosystem functioning. Since ecosystem functioning is mainly influenced by plant functional

attributes it is widely held that functional diversity exerts a greater influence upon ecosystem functioning than does species
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diversity. However it remains unclear which basic component of functional diversity ( i. e. species evenness or trait
dissimilarity among species) contributes more to functional diversity and thus determines or alters the SD-D relationship.
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. The experiment employed a split-plot design in which
vegetation was clipped to one of two lengths ( above ground stubble =1 e¢m or 3 ¢cm) or left unclipped. Subplots were

>a”" + ammonium phosphate 1.8 ¢ m > a™') or remained unfertilized. Data analysis

treated with fertilizer (urea 7.5 g m~
methods e. g. general linear model univariate ANOVA multivariate analysis binary linear regression and curve fitting

were employed to analyze the effects of these treatments on trait dissimilarity among species ( d, 13 traits of 33 species)

i
community species evenness ( Pielou evenness index J) and community species diversity ( Shannon-Wiener index H")

and functional diversity ( Rao index FD,,; Functional dispersion FDis) (13 traits of 33 species) as well as potential
relationships among these measures. 1) SD ( H") was significantly positively correlated with FD ( FD,,, FDis) and J was
positively correlated with SD ( H") and FD ( FD,, FDis) whereas d,( dissimilarity of 13 traits among 33 species) was
negatively correlated with SD ( H’) and FD ( FDy,, FDis) . J was more strongly correlated with SD ( H") than d; and was
also correlated with FD ( FDy,, FDis) . Thus it can be concluded that species evenness is a major driving factor of both
variation in FD and the positive correlation between SD and FD. 2) Curve fitting revealed that the increase in FD ( FD,,,

FDis) leveled off as SD ( H) increased indicating that a certain degree of functional redundancy occurred in the
community and that this increased with species diversity. As a result species diversity ( H?) failed to reach the limit that
would result in a non-significant correlation between species diversity and functional diversity. 3) The effect of FD ( FD,,,

FDis) on aboveground net primary productivity ( ANPP) of the alpine meadow ecosystem was greater than that of SD ( H") .
Binary linear regression showed that the effect of SD ( H°) on ANPP was negligible compared with that of FD ( FD,,,

FDis) . It should be noted that the loss of functional traits or a reduction in the number of trait space dimensions such as
results from the decline or loss of species diversity would inevitably reduce the functional diversity of community

indicating a complementary relationship between species diversity and functional diversity. Thus future studies on the
relationship between biodiversity and ecosystem functioning should focus simultaneously on the effects of both species

diversity and functional diversity on ecosystem functioning.
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1

Table 1 Plant functional traits and their categories used for calculating trait dissimilarity among species

Trait types Trait name Trait label Evaluated classification state of traits
of
Qualitative traits rm
le ;
nf
pi ; ;
g ) ) ;
Isc ; ;
Im ; ; ;
Is ) ) 1 1 1 ’
/mg pw
Quantitative traits /em? la
/(em?/g) sla
/em ph
s s
FDy, = Y Y d,P.P, (1)
i=1 j=1
s ’ s
FDis = ¥ P.Z,/ Y P, (2)
i=1 i=1
S ,Pi\P}- N ;d,-j i~]
; Z; [/ Pl Cc °
d 3 L n 2 3
i, kz](xki _xky) (3)
s s
Cp = ZPixki/ZPi (4)
i=1 i=1
n LN ij k o P, o d;
0( ) I ) .
( dynd,didoodododydydid dy o nd, )13
(4 ).
1.3.2 SD
SD  Shannon-Wiener H’ ¥
s
H =- PP, (5)
i=1
S ) P, i o
1.3.3
Pielou J .
J=H/H,, (6)
H’ Shannon-Wiener H . 1 H . ]
1.3.4
SPSS 21.0-GLM  Univariate-ANOVA N
N Duncan o
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o P <
0.05 P <0.1,
CANOCO 4.5 ( RDA) ( . )
SD-FD ( 3 RDA) . 2
RDA
H FD Monte Carlo RDA
SD-D F (P <
0.05) R’
2
2.1
(d;) (Fi,y =25.781
P<0.001) (2)
o (dy) - (da)
(diF, s =12.434 P =0.004; d,;F, y =7.397 P =0.015) (
dy 2): (d,.) (diF, 4 =6.823 P=
0.019) ( 2); (d,) . (d,) (d,) (d,
Fiy g =66.265 P < 0.001; di F, y =109.464 P < 0.001; d ; F, y =277.436 P < 0.001) ( d,
2); (d.) - (d) - (dy) - (d.)
(d,) (P > 0.05) .
(d;) (F, 5 =13.248 P =0.068)
o (d,) . (dw) - (d,.)
(d,) (d,F, 5 =99.324 P =0.010; d;F, , =84.130 P =0.012; d,: F, =
36.486 P =0.026; d,; F, , =396.344 P =0.003) ( d, 2):
(dy.) . (d.,) (d:F, , =58.386 P =0.017; d;F , =43.238 P =0.022)
( dy, 2); (P > 0.05) .
( dni') ( dlsc) ( dni: F(z 8) ~
5.489 P=0.032; d.;F, 4 =7.375 P =0.015) . d, d. ; d,
dlsc
( 2).
2.2 .
J
(J:F, 4 =11.919 P =0.004)( 3) J (J:F(, 5, =14.177 P =0.064) .
Shannon-Wiener H’
(H'F, y =24.118 P < 0.001)( 3) H’ (H:F, , =24.780 P =
0.038) ( 3). FD,, FDis

(FDui Fiy  =13.790 P =0.003; FDis: F, 4 =11.178 P =0.005) (  3)
(FDy; F, 5 =19.803 P =0.047; FDis: F, , =26.758 P =0.035)( 3).
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2
Fig.2 Effects of clipping and fertilizing on the trait dissimilarity among species
NH: ; HI: ; H3: B O . NF: ; (P > 0.05)
(P < 0.05);ns.* ** P >0.05 0.01 < P <0.05 P <0.01I,;
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3

Fig.3 Effects of clipping and fertilizing on the species evenness species diversity and functional diversity
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5 . ( )
Fig.5 Relationships between species diversity functional diversity and aboveground net primary productivity ( logarithmic scale) and

relationship between species evenness and trait dissimilarity of 13 traits among species
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