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Effects of interspecific trait dissimilarity and species evenness on the relationship

between species diversity and functional diversity in an alpine meadow
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Abstract . Species diversity (SD) and functional diversity ( FD) 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-FD 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 c¢m or 3 em) or left unclipped. Subplots were treated
with fertilizer (urea 7.5 g m™> a”'+ ammonium phosphate 1.8 g m™ a™') or remained unfertilized. Data analysis 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), 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
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 (FD,,,, FDis). J was more strongly correlated with SD (H") than d,;, and was
also correlated with FD ( FD

relationships among these measures. 1) SD (H') was significantly positively correlated with FD ( FD

Rao »

FDis) . Thus, it can be concluded that species evenness is a major driving factor of both

Rao »
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
SD (H'). Binary linear regression showed that the effect of SD (H') on ANPP was negligible compared with that of SD

e s FDis) on aboveground net primary productivity (ANPP) of the alpine meadow ecosystem was greater than that of
(H'"). 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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Table 1 Plant functional traits and their categories used for calculating trait dissimilarity among species

PR AR R HERFFS PR FERDES
Trait types Trait name Trait label Evaluated classification state of traits
FEMETEAR AR gf WA I BE
Qualitative traits L35I m BRI AR
AV R le ELZH4E; ZHEE
I U nf FIRAMEMER; BAERR
R} pi B REMR; SRR
ZPRRAE eg KRB, PR GRMEY; A2k
W2 T FAIE Isc e HE; Bl
2 Im b WA B a3
iz ls BB RUIE; BE; 508 MBDE; HEEDE; #E; S E
FE PR ki Tt/ (mg) pw A bR HEL
Quantitative traits SRR TR/ (em?) la S AR AL
oM ALY (em? g7 1) sla SRR AELL
PR/ (em) ph SRR HEL
5s
FD,,, = 21 21 d,PP, (1)
i=1 j=
FDLS—ZPZ/EP (2)

S R ARETT N EIIR B P, P R iy /l\%ﬁE’J?FHXT&E,d S ENER S N/ R L AN I R E RN
AR, BV R) 22 5% Z, W o 30 HTAH G 25 B2 PJJMREI’JF'? e BYBER

(3)

2 Px,/ Z P, (4)
K, n PR s, v YR 0SS B A i«l}\ﬁ C,jﬂﬂﬁﬁﬁiﬁfu PN b AMPERI BTG, 21k
T O(F B A e 2 MEIRYAFE) 5 1 (YR HA 58 2R TF 4RI ) Z 18] ﬂ‘iﬁﬂﬂﬁ%ﬁTi*ﬁflﬁﬂ’ﬂﬁl‘Eﬂ
BRI A, dy dyd, d, dydyy dy o oy 225, FERREE S XA 1) 113 AR 2
FEARRIIE 22 5 (BL d, 050) .
1.3.2 Y ZHAE SD
Y ZREME SD DL Shannon-Wiener 3858 H' F1E> .

- i P.inP. (5)
K, S R ARETT IR S PORRE T 2R & ARl A AR G 25
1.3.3 Ymss)
YIFh 250 R FH Pielou X457 BE 5% J 11,
J=H/H (6)
Ao, H OSSN TT () Shannon-Wiener $850, H' | AT AR F B EA | AR BRK HE, T
(ER SN/ b s i s e
1.3.4 FdEamr
K H SPSS 21.0-GLM 1 Univariate-ANOVA #4724 X i B0 7 22 50 B, i B[R] PER 22 5 i 3512
JE R ZRETE T RE AR AE ST T A] 1Y 22 S | A HEE] P4 {E Y 22 8 FEBCR FH Duncan [REEEZ:, SEit
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Sy BRI ECE HEA T IEAS PR 5 25 57 MR 56, I X AR W i B A T B 4. SRR B 1 B UK P o<
0.05, 3CH s EHTE P < 0.1,

K H] CANOCO 4.5 B {47 ICA 53T (redundancy analysis, RDA) , LU & Rh ] Motk 22 5 ( MR SR — Pk
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2.1 FplErER 2E FE

ZAEARI ) 22 57 () FEAS R e 2R 80 Ak 380 [ O 2 S, (EL 38 0 25 8 T BE X (F 5, = 25.781, P<
0.001) (&1 2( 1)), BEBH XA S =56 B I 23 7E SR L BN (B AR 7 34 22 5 5 R Al Mtk 0% 1] o 1z
(BN [ PR ) A ] 2 S X R g o A X046 5 B0, 2R KBS () L EEIE TR (L, ) )R 1) 22 S 7E o S P o
FEREIZ R JC2E 5, H R R T ARRE(d,F, 5 = 12434, P =0.004; d,,:F, = 7.397, P =0.015) ({XLL d,,
FERFI AL PEE] A A R 4528, I 2(2) ) s B (d,) BRI E] 22 S A P XN B R (d 2 F 5 = 6.823, P=
0.019) (1 2(3)) ; bk b T (d,, ) AR TR (d,, ) FIRE R (d, ) B9 i) 22 55 BE ) 5 484 5 7 0 35 AR A1
(d,F, 4=66.265, P < 0.001; d,:F, ;=109.464, P < 0.001; d,:F, ¢ =277.436, P < 0.001) ({L LA d,,7E
RE b R AR AL EUR G5 R, B 2(4) ) s B0 (d,,,) EIEFIWI(d, ) FRRBURHE (d,,) @ TFRRE(d, ) FI
2% (d,,, ) W] 22 5 AN X B 58 B i AR (P > 0.05)

TRAET |2 22 MR A ol (6] - 240 22 57 () TS G (F )= 13.248, P =0.068) , {ELA [ ¥ 4R A8 Fof ] ) 22 5
X i A F i 17 A O AR TR] ) G, i N s Bk v b T BT (d, ) ERRRMF TR, ) (e TEAR (d, ) FIRR
(d,) RN 22 5 B F WK (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) (LA d , TEMEACAL LI B LRSS R, B12(5) ) s B (d,,) (&5F
KBE(d,,) MR 22 5 0 80/ N (d, o F )= 58.386, P =0.017; d,:F, ,=43.238, P =0.022) ({L L d, FEHNE
LRI AL R ZE R, B 2(6) ) s HE MR Fh ) 22 5 R Z i AR AL BE A 520 (P > 0.05) .

T A 55 X350 ) 238 A A 5 | R A ) [ U (d ) R R IRTARAE (d, ) BRI 22 53 R A8 A (d i F g =
5.489, P=0.032; d,:F, 5= 7.375, P =0.015) , AHEHF,d, M d, FEX]EIE PR TC 2 2% 22 5 it s, J, A
SR 0 55 5 T A8 Ak AEAEAS R 8 Ah P 5 2 /N AR AR, TR A IS d,,, D00 Bt K1) 361 56 86 i 9/ 0, - 7 7
RIEN R Z/NT AL (K 2(7), #12(8)),

22 YRS E PR 2L R I RE 2R

R 4 T A A R IS EE R A J FErh BE SR FE X R AL B JE 25 5 I 3 TAXIEI(J
Fi, =11.919, P =0.004) (& 3(1)) fHHEICSE J TSGR (T F , , = 14177, P =0.064) . BLWAEIRE
PoFh o A B8 a5y it AL EAT 5 A B PR, 51 A o A i AR 34 5 22 4k

RIS it AT X 4 b 22 R ELAT R S B S%) , Shannon-Wiener $55% H' 78 H R 55 5 58 X1 E 40 B0 W) JC 24 5%, B
PR ES TARXE (HF , = 24.118, P < 0.001) (& 3(2)) ,MHALG H BEREAK(HF, , =24.780, P =
0.038) (13(3)) . XA [RFE L IMAEL e 2 HEVE ARk L DI RE SRR 5L FD,,, I FDis 7E P X))
AbERIR 22 5 B T ARXNEI(FD,,:F ;¢ = 13.790, P =0.003; FDis :F, ¢ =11.178, P =0.005) (Kl 3(4),
F3(5)) , Mt e 5 @ BEAK(FD,,, F(, 5= 19.803, P =0.047; FDis:F, ,=26.758, P =0.035) (K 3(6),
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Fig. 4 Effects of trait dissimilarity among species and species evenness on the relationship between species and functional diversity
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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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