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Effects offunctional diversity and functional redundancy on the community

stability of an alpine meadow
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1 College of Life Sciences, Shaanxi Normal University, Xi'an 710062, China
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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 ¢m, 3 c¢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

A ZREERE XA R G BE AV E RS M /b 28 2 GRAR S O TR M R I ) R g R B, ) b
R A R A I Y L T RS RGE T REth WA 1 DR pE P 0 Rl Z R (species
diversity, SD) B £ 5 3 i€ £ #£ ¥ ( functional diversity, FD), 3 f1 $§ IfJ A8 7T A& ( functional redundancy,
FR) M B, R 2R T RS R e 5 R R D RE IR B2 D RB MR A B AR Ak | TR s 1R] 4
N, DK B RE 2 FEE RITIRETUAR AR MU ST S B VR AR e M . (B RE ZREPE R BRTUAR 2 T WA~
SR T e MR R K AR TR R, R B S RIS U BT IR L D) B O UA R R R R VA R
P — A SEHARAE  (FR I IR AT ST RE 22 R 1 R BB U A X I T4 A MR B i 1) 22 eI AR A0

DIREZHREMEIEAR VA UL S R G oA DR D) BE MR A (AN AE A R 1) RS2 A ) D RE AT S 2B
R R A AL S A AL 0 2 PR R SRR B (] Ty B S M AR X 2 S ek R A 25 T A A 8 b, PR T e e A S
RGEURE L YR 2R A T H AR DI RR AR R AR AE S R G P PU TSI RE Ry W R i 22
FEPE1O RS T B A RIS BEMER R A RNAR BT T ORI R A AR A S T RE AT AR
B, e RS REIRE ™ (AINBETURAEAE A IR TCAR YR AT A T JE, TUR PR i
BRI GBS RGEMIRE ST B, IRETCAR N F AR S RG0S BEA RGERT ™, itk
AL AR P Rp 2R P P AS B A, D RE 2R AT RE U A 43 31 2 7 i) 2y bR 4 R S AR 0
P, I3 ol 8 1o A 25 L ADFIOR RS R 0 AR S R GE I e

— BN, T RE SR R T 2 AR T 2R R e A B AR = i BUR A2 D RETUAY P, (R Rl
SEPERGRIE AR R iR AL RSP AT RETE DI RETUAREREE ' . de Bello 55 (2007) #2411 75 & it AL Ty g
TR IFPH IR Z AR PE R RETUAR S REVE AUE PERI Y C R BEE T ALl . %07 244 Simpson ¥l 2 HEVE 4
$0(SD) Jr AT REL FEAE (FD) FIZIRETCAY (FR) Bi&R 2, B SD = FD + FRM™ | S et A e 02 7 A ) i
ZREPERITIRE ST AR R FERE 38 i 35— D EV& 1) Simpson Wb Z REMETE ORI Th BE 2 REME , wt s & HohfETT
RIIF/N, de Bello 55 (2007) I\, SD R IETERYEK FD 3 FRY™ PR Y& VR BAT 56 4 AN A (1 ) g
R T BEME—PERT , FR = 0,SD = FD'" ALfu[ W0 i 3 S 0 23 X i i e M e s S 255 i), S BT
B3 (rivet hypothesis ) TN A ARAE" ) FEVE R PE N 58 AR T D RE 2R 1 5 5 2 AR R, Y A W R i 2 g
ARAA MR B DI RESE & AR, FD = 0,SD = FR'™ Wb == 5 By, ShBETUAY Rt R Vs fa e P n
SERMB T IIRETCAR . SR, FHARHEVE o FD 5 FR AR/ AL T 1R PR i 17 100 =2 8], 2[R 4E 455 B 95
FEME, {H Valone 1 Barber(2008) " A N T BE A Az AU B RUN IR i R i A= 8 7 B e R A0 i AT J1 BRI
PRI Ay 0 e o B 53 i 20y = S5 3R 3 S [) 25 Wi 197 717 A P Bz 8007 i 62 5K 1) S 26 Wi 1, 5 IOUE ASUAH 2, Pillar (2013 ) 45
N EEL P g S AR i T 5 S R O R 2 M B T R MR I AR T AOR B D RETUAY AR 3508, )
RETCA B, HL T RE MR AL BUAE B i J5 s AR AR, BLEIRRTUAY 5 W Fh 2 BEME Y IE AR DCME (R =0.769,
P=0.0001) 5% T-ZIREZAEPE S5 W Z A M 19 TEAH DG E (R =0.537, P=0.0026) , 1fii 1 5 2 # M X A2 P TC 3
Mo FRATTEE R I T T RS s A AR A e A 3 B T T % e T e 72 P TE DT AR
(intrinsic redundancy) -30) AT RESETNRE TUR M R RS e E R S TR A 55 4h S LI AN 2R 1
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A BB FEME M A/ N T DI RETUAR I AE K (WL Pillar er al., 2013, Fig.1(a) M (b)) AT REEE I EL
FEPEXIRRE PETC RSN o AL SD = FD + FROORUL, RAETERRE RSB AL 8 25 F T SD B4 T & FD 71
FR 2L 2 (H FD PR (AR RR A — @ IR, 5 2 n] g B p— 324k, o5 — AN PREFAI A AE
MO, P, 7ERIFh 2R S T R e PEIEARDC S AT T, FRATTARYE L3R40 H7 LI Pillar 55 A (2013) 19
BRI T 4 - SRR 2R R RE T U AR vh A8 S M A v 2 SEA T BB AT e M 7 A S K
DRy ELAT Ao 78 S P ) I 0 TR X W R 22 A B8 A 25 R G D RESSON ™ A SR, DAL, THREZ R
TIRETCA R FEVE A2 M A RO 52 1 03245 AR E PR B 8 25 1F T 928 A B IEAR G

BRI PR A1 T30 Ao 7 R v i v ) DA ) 6 4F (20072012 4R ) B8 —I50 X1 I R it I 2 ) 52 56, >R
HI de Bello % A (2007) 587712 AL DI RE A, WFE T DI RE 2 R L AN T AR TUAY X BEVE o 2 M 19 A X 32
W] o el HE R ) A 2 R G N e SR T ) AR A S R RN 2 — | R B R BURIX I AR ) AL
s IX RIS OO B R ELRE I N2 AL O AR I LR R R (AR AR, n] R ISR 2k
Z R A AT AT 18 o P 5 e A SRV B P ) DL, R R N A i v A
Jitg Il A 2 AR RN B L 3 R OB R R R T B (B A A A o B BT S R B T
IR iR BN T, P, ORI S B A R e AR Ak AR A RS i AR S R G R IR R
AT TR, X EURUT A RE 53 51 1 0 Fst /I i S R4 (Y 0 2 R 0E RETS AR E MY RN REZ R L B
T 2R SRR R M TE ARG R0 S A R 43 501§ o R AIR 2 R PE X AR PR ) T BB 2 RETERE )
T Z e RGNS B0 R JHE SR TR AP e — 2 DI RETUAR™ . X UL T e Z e AT AR TUAR A 1T AR 42
R IZAEVE AR EVE (R (R BERE VS AR MR A 22 5 F AT AN . Sl s B i eI S BEZ AR PE R T RE L
RAERNNEIE SN AN L IETR B BE L A A B LS REVE RRE MR SC 2R AT By TR AR 72 o 2 3 ) 73X 7 7 o 240
TR T~ R2 M0 B RE P A5 A0 A AL B S e AR S R I RERIMLI . AT R R Y 2 AMBOE R (1) B T XIHIF
Tt A BE 7 31435 AR e AT e 2o A 2, DR T R 3 98 o 8 e 0 ) BE 22 R P R ) RE TU AR 418 v R I 9 A
e, AL SRR 00t S 349 S A58 I AR ELAIRT , L A28 T BB A8 A 5 1 DG 35 32 0 5 (2) A K 8 it A Ak
BT DIRE S HEPE MDD RETCAR I AR AR BEAT A 22 57 730 St 9 LR AV R e P S i A G

1 #RFFE

L1 AR5 XA

B A0 AE v FE R g v g 2 R ) A 25 AR 8 8 L 0 i RE ( Kobresia humilis ) ¥ W iEAT o b oL T
T 9 S AR AU R (37°29'—37°45'N, 101°12'—101°23" E) , )& 75 15 4 AL O A 36 M T TR R iR B, o
DXFHIER 3200m  AFF 2 - 1.7°C e A (1 ) PR - 14.8°C 1R H (7 A) PR 9.8°C 4F
SEHIFE K 580mm,6—9 A Bk 5 SAE KRR 68.6% %, FEE R R M M EE-28 | N S A R K (BHAE
11 A 2PAE S HIR,6 A 210 AR, ZEHE ZE e W) UK & e RS . B R R 1
ek Ll £ 0T B R R  BEE SR A B DR P AR R e | SR A
( Elymus nutans) FH I 2% ( Carex scabrirostris) . e SE ( Stipa aliena ) *F ( Festuca ovina ) . EAMI ]
(Saussurea superba) Hii % 5 ( S.nigrescens) | [FI%5 EE XS 5L ( Morina chinensis) R ( Potentilla anserina) 55 1B
R (P.nivea) H B ( Oxytropis kansuensis) FEZ34R % AL (Anemone obtusiloba ) F1Z5 K56 (Aster flaccidus) 55 ,
1.2 Bk
1.2.1 LB

S AT 2007 4F 4 A IS, HIAY 0.6ha(100mx60m) ., AEHUHE N R, oAb T 5 & F I BUBCIR A U
SRIETRAE SRR 3 R IKRE R B 3 DRIEIKCE 2 ABEIEAKE 2 DK InKF 3 XA, X
54> dmxdm KFEJy . S 32 XA XIFIAL B X #0882 5 B2 73500 1em (H1) (3em (H3) FAXIHI (NH, Xf
HE) L2 AR EI A BEA X 230 R 2 4 St AR R 609%—T70% Fl 45%—50% ., I BR 7 v BE 2 AR AR AT
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1 FAE LTS DA T IR TR S g st 2 B R R OO B (RO B 4 1 R 5.35 i 4.30 HEE ha,
PRI ST 318 60% F1 45% ) & 6 1 L A) A S B v FEE A 19, AT LA hy 3 4 X101 Ach BHARH > F 7
A RO R RO R R, SRR i E T E XA 4 ek 2m 98 0.25m B8 AR PTG
M 0.25m IR KR FEIXKEET 4B 4 A 2mx2m (FEIXFEE T 5 E 4 A RIXAAFECE 1) B 1) ANHEIEASSE
JK(NFNW) 52) UL (F) 53) AXTEAR (W) 54) BERIAE X HEK (FW) , 3 180 AR IXAET5 o X i AE F1 58 K Ak
PRTERI DX AT i gt 1.5mx 1.5m JuFE AT, 4 A8 XHE 5 AH B EBS 0.5m, 7E &R XA 7 i 4 1 0.5mx
0.5mMLIAFEF7, Forfr 1 A A AW b 28 i AR A R A ARE T, B4 3 A AR D Rt bRl 2

RAEAE R BRI U6 AW = FE A 3 10em 247 B (6 4

Aay) S X FILbBE, ARAEIE 3 Y, 4003 5—7 A e 1| e :
sty mvoitin 2 425 om (o x 204 o et | ICL TR moece
2 1.02 /m? (%5 N 5.9 %, P 28.0 %) , FEAEHR M N 0O (02 7 03m

o o e A | O moeker
P (S 2.782 ¢/m? F10.857 g/m*, JiAEJE | R — (0.5 X 0.5m)
WEEE UK 4.5ke/m?, P HAEREKIR G 2.4%, K | IIWTTT | TIN5 s s
it i oo st osm s | (I || (I | R
e R AR 0.25m RIS AEER K2 S 0.5m BYFE 5[] B | | ! (015 X 1.5m)
wamammm 4 cpormk e s enr | IO T
2007 4E7 J 15 H  ZERTIRBER 5 K5, EFEHLIEIR S0 1l
POLH P E P EE 3 D 1.5 mx1.5m BRETT , FE A B BIRAERAGEE (S EEEAZ, 2011),

&k 10kg( 24T 4.5 kg/mz) ,ﬁ%lﬂ:@%ﬂ(}ﬁ 1.2.3 Fig. 1 Quadrats layout of subplot (from Li et al., 2011)
14 TSR T RE 73 4 07 1 1 AR 1 K 0. 3m 5% NENW , AHEAL , RBEK ; F,AUGAEL ; WAL 58K FW, BERGAL , S 5eK
0.05m ¥R 0.3m [HVAHE , YLLK 73T + HEK 7 Ak By

] (98 A EE B B PR B A . 45 BN, BKJE 3 & 4h /K43 B 1R38 3% | 3 ANRE DT thok 43 a1 SRl R 4 B¢
KB IEREE 350 4 0.065m F1 0.06m , 78/ F8k Bz i ATRIE FIAE DT T E BB AR S35 11 RE A 200 PR 125 AN ] &k
FE K NEBIE

XF 2007 451 2008 4 S AT BN, BEK AR IS .35, il 2009 4R AR BE/K -G 2 6.7 kg/m®, AR
IR 3.6% , (EATKTHFP ZHEE RIS 1 gt 7= O R e M E B 5 Y IR, B 2010 A AR 1
1EBEKAREE A SCHEE 3B H 2% X S5t AL 80
1.2.2  HUFENE

BRAE 8 H WA THETE PAAT , T K ARE 7 B PRl BRI R 25 132 (4 3] D Sk H A A 0 R A A 0 1 1
B AREO T EUR ) .

2012 4 8 H vy FEPER PRI A D BE AL SE B S A i 00 400 e 190 AL AR , 3K o AR i 8, B IO
ARy O AL (C1-203, 22 F CID A EIH E A E] L 60 W 5 BRAEY Y SR, SR 5 & T 60°C
HER 720 BRIBCE T TR 0 () P A (m®) | R (kg/m®) A TR (m®/
kg) o HTA LY R anii e H ( Gentiana squarrosa) 55, FAHRRIE /N, i ot/ HLA0 25 JE 5 A2 U R, 72
B AN 2 P T ARAR IR | AS SCHR R LA 26 AN FEA BRI G 6 A E R (bR & Rk e AR e
T FRURIT LG I ) T3 D AR 2 RE 1

R € VP FHAEE 42 35 ) 1180 8 S TR DG SR Hh R 40 e M DR TS A K1) 1) DA B - 398 5% 43 0 R A A ) ) g it 9
HEE ST FRATLAREE A R T A 78 IR 7 AR TR O sE 2 R . X 7 A PRIR R etk
BRARA (ENE | FERAR % N EPIR  BARRISCAE ) 2R (R O ) A TSR (R
WL GRMEY), TR 42280 AR A (2 S AR ) AR (C3 MY, Cc4 ) VB R
PO E (T, A (ELAEARZE 25 B At R mRRIE O, BB HJfi) .

FETT DI RE Z FEE I, Xt URR S B 6 1 v g W o PR R R RS A T IR 4028, O T A4k
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R EZ ST 1, Ho 3P B — M RREE PR, DL o 1 ST IE . W, bl ol v g TR 5 A&
VERBE R E X —F) R 1, FEH B HIR 0, X FHA ZHE MRS PRl W DS s E 1 TAE 4]
W RS F R 2SS RS R BB ME ZEX S 0.5, 7EH 255X — 51K 0.5, HE 5 W o, *F
T m MR WD S E AR A AR g — e 20 0, 1] X[ FH Tis5E
1.3 HIEiHE S5
1.3.1 TJREIUA FR

IIRETUAY FR SR de Bello 25 (2007) M (A K315

FR=D-Q (1)

A, D N Simpson ZREMEIREC Q0 WERINRELFEMEN) Rao ZEY . D.Q - BILA T4,
Dzl—in (2)
0= dpp, (3)

St S hACRE N P RIAIFIS PR P 5 BB T ¢ A AR RIXH R0, BIKIGRERS 0 < d, < 1,
PRI i g AR A T AR S T8 R T R AR 5 BEXS d FE AT AL, Rao ZR&KCH A 1 1H) Zh fiE
PR A 22 5 R BT MR Q (B RS BIE Y b T RE 2 R 4R O 3T G SR AE BEIE (4 R] A T 22
SO AR AP ORI FR R SRS R IIREARAREL R Y T U Rl WA 4 = 1R RS
=2 NED) o Q =D, A, Rao RELPR Simpson ZREVETE R — e , BTN — R TRV B WA B
RIJBELHEME

ASCGRITHE 13 MR (6 A mHR, 7 S E ) 1 Q EARITIRETUARE
132 HEERGENE

TEVERa 2 ME LAY Rh R e 285 3 70 S 2285 ( coefficient of variation, CV ) FIEIEL ICV Fem 231,

cv=" (4)
ag

S R AR IO TR | o o IR OB L 1OV EBUR  BEVE R MR T | DR A AR 7
VIR AR I RN | FEARTRSORERD, i T4 500 AR FRE Jr PR T H B B 5 FU 1) 2%
I B TEAIX (p < 0.05) ™ | LABSEE VST HOREE R PE AR FEF A 28 RS P g Rasz b ™ 1)
133 SHAETCARITIAL 2 REMERY 2o S b

RIS 0 BBl ) Rl R R RE T AR 7 SR LAAS 52 RBK OV, FT5 . AR AT

T (rr/0)

CY oy = (5)
(e M (rrr0)

R0 g0 2 g0 S IR INAETT AT (FR) SR REZREVE (Q) M43 M2 FIPHI (8, IR S0 AR B ) — X
U1 5 APEITIFE L GEHF BT EUGANER 3 AMKAL CV, ) HOPHI T
134 S

GEH ST R SPSS Version 21.0 BRPFHEAT , FTVISUR R B 2012 45, th FATFGE I AR 40 R 2 R s 5
o, SRR N6 AR5 R 0 R e T REZREE T RETUATO AR F A5 1T RS2 S ST RS 7
FRBEAEIE IO 9 TR IR BRI, T T 2007 4555 — VO] 1 RGN ob 2 598125 10 0 = 55
BBV T VRS TE | 3R AL Univariate ANCOVA - B4 H7 520 40 T X 10 2 BEAE 20 B
BEHE AL AR BB R PR R 1 2 S AL 2 6 A 01600 4 R 5 ML 0 B 0 A
MR X AL 2 TP L S5 0 5 b ] 0 P R0 583 s D A it e e A S B A 30
SREME DHAETTA SREGRRPERIIOOC R . 0 SE A Bt ML A1 28 19 5 10 8., W oh— PR 20
5y ZHEAT Univariate ANOVA ZMHT . ST R SCHRIERT A SR, DAL TE ASHE R 22 FF PERL B, I A2
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T2 HTIBRE . #5035 (8] (1) 2 5 AR A Duncan GRS

KBS REA ) T K38 A D RETUAR ST RE 2 HE AR S R 22 5, W25 B3 M RR IR 2+
PERITIRETCAN [F]— S g5 b 3R g i AR A AR BEAR R, T A9 43 IAE LT 5 AL A 586 B kAT ARt iE—
R FEI5REE (3 ADRIEREE 3 AKX, n=9) , i AE—RIFI5REE (3 AXIEIREE 3 DX, n=9) , AXHE—Ha At (2
AHEAR K-, 3 X, ,n=6) , HEE R EI— A (2 ANE AR KSE 3 AN X4, n=6) DL FE B X)) —Jiti A (2 it
NEAK,3 AN ,n=6) . PhIr 220 HrA T R e iy B E K P < 0.05,

H TRl ZREVE 5 T RE Bk ) ol REAE e IR 4R M AR fin B S T2k 3 Fhoe R AR ALk Xt
B FEEL AR I Logistic 2R 5 FBCRUILE T IIRE 2 M- ZRE 1 DI RETUAR-PIFh 2R DI RE 2 FF
PE-DIRETUAR R FRE PE- TN RETUAR L BRI FE PE- DI REZFE PRI OC R | DL F K40 1 3 (P<0.05) HIE &R
B REF K AR A S L I I A

KA I AT, ARSI &, LITIRE 2 REMERITIRE U4 F AR &, B 2 D BE 2 AR PE I
IRETUARI RS E R AR XS 520 52 M 2 BE DAAR VAR %) Ot (21 051 3R 85000 2 o Itk 53 At 2 S0l 26 A it I — R 35 5 2
(n=90) Jii AE—XI]EI5REE (n=90) AXE—HtiE (n=60) X E—fti AL (n=60) LA b 5 BE X1 E—ji BE (n
=60)5 M ABE LT, LB EI FiE AL 52

2 FRMSH

2.1 RNIFIFIGEAL T Prp Z R0 DIREZAENE  DIRED A ARV e TR S
BT 2250 M s, A S X st I ) S8 B AR FHAS BAT 38 00 (p>0.05) , T A2 B D5 22 3 A h R A
R FEAIRIPI R 5 BE A T (SR=1.449) MHEIERIEUN ST R I, XIRBE I T Yrph ZHE4E  Dife 24
PR AR 1, R AE A A TR B . RIARUEAE X D BETUAR B2 R 8N S35, X1 < i A L R i AES < [X 28
M AR HIIC RN (R 1,8 2) .
£ XEAOHARR B R M SR D SR DD TR B E M MRI T T £ 547

Table 1 ANCOVA for the effects of clipping and fertilizing on the species diversity, functional diversity, functional redundancy and community

stability in alpine meadow

5 R i D 0 FR icv
Sources of variance df(m, n) F—test P F-test P F-test P F-test p
EIX B (2,2) 11.407  0.006** 13.451  0.004*" 3.113 0.108 14.391 0.003 **

Whole plot C (2, 8) 6.263 0.028 8.723 0.013* 0.818 0.479 7.881 0.047*
filX 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 2216 0.180 0.908 0.446 1.612 0.266

% P<0.05; =% P<0.01;m B AME ;nREAHE, B:'Zéﬂ;C:X'J%J;F:EEHE;X:QE«FJEF];D:SimpS()n %ﬁ%#‘t&",oiﬂﬁ‘é%#ﬁ,m
YIRETUAY; ICV e TE R e M

R2 YMHSEN S HYE T RTEEREREX BIFERLE THEN (FHELARER)
Table 2 Changes of species diversity, functional diversity, functional redundancy and community stability under the clipping and fertilizing

treatments ( mean + SE)

A5 R EI4bFH Clipping treatment Jiti EAL B Fertilization treatment
Variables NH H3 H1 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 0.1630.002b 0.1600.002b 0.1630.002b 0.150+0.002a
FR 0.15420.002a 0.158+0.002a 0.158+0.002a 0.155+0.002a 0.158+0.002a
cv 0.118+0.005a 0.14420.005b 0.13720.004b 0.14120.003b 0.1240.003a

D.Q . FRHICV (5 LIAFE 1, NF,F,NH,H3 F1 HI 4351278 AHEAT AT , AR b EE X1 30 0 5 B0, 2 o) ) sl it fE b 1R ) 477
YA AR TR RN LB EZEF (P > 0.05),
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2.2 UIREZAEME S DIRE U AR AR Sk
T-K 5 25 R WoR | TIRE 2 R RV AL S5 R B K T IIREICAR AR 5 2280, HL7EAS R &)t BT ( NH-F) A1
X E - AR (H1-F) &6 | H 3 225 5 (P<0.05) (£ 3)

R3 TRALEHEAHELIRESHEESIIRIRERMEN T-RK
Table 3 T-test for the variability for functional diversity and functional redundancy under different treatment combinations with clipping

and fertilizing

SE PR A

Treatment combinations oy Vi Trtest P "
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-F 0.042+0.008b 0.029+0.007a 2.958 0.032" 6
H3-F 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, CV g M CV ) S IIF RIS RERE I RETTAC IS 5 RAK. n FOrBEACKE, NF-H L A MG AE— 38 ; F-H, MG AE— A3
FiE s NH-F s R A —HEAE s H3-F ;S — B - TR X — . P A 44 (85 0 MR 7 T 3 2 5 (P0.05)

2.3 YRhZAErE DHREZARTE  DIRETC AR FIRE R ASE PRI ¢ &R

54T s, DI RE 2 FEE 5P Z AR (Q-D) IEADE (K 2 (a-e) ) , (H B LA AL Bl A0 BRA i AS[m) (R
4) . MG (NF-H) , B TR (L1310 KT 1,0 Hbl D Wuubie (B 2(a) ) WIS (F-H ) W2k 5% i ( 18
2(b)) o AXNEIEH(NH-F),Q Wi D L3 im (B 2(c)), X &5 (H3-F, HI-F),Q b D W1 (# 2(d,
e)) . VAWIRENE SN EI 2T Q B D sk

S TA A SRR FR-D) WA TR 2(65) ) . AT RTHEAEI (NE-H . F-H) B0 JL R 6
TR 4)  ELTRIE 0—1 2160, FR % D ROk o8, (R HEHERE R 0.881) K T HEAE (0.562)
[t B IE IS FR QR (8 21, ) o AIEIRE (NH-F) , FR-D 5 S0 AR E (4 4) , A 0.702,
FR B D W30 (B 2(h) ) o XEE , FR-D KAZLENAERE(FR 4) , HTIRE e KT 1,FR Jy D 138 3%
SR, P EEAIEICHB-F, F8 20)) AT He TEREXEI(HI-F, [ 2()) ) 2FAE FR B D (9635,

F4 TEVBEASHE LM SEY IS HE T RMBEREEX RNRAEIFER
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

SE PR A

Treatment combinations Q(y)-D(x) FR(y)-D(x) Q(y)-FR(x) 1CV(y)-Q(x) ICV(y)-FR(x)
NF-H y=0.523x"" y=0.478x"88! y=e(70425°0.1917) y=0.030e>34x y=0.02265:664%
F-H y=0.714x-0.195 y=0.479x"3% — y=0.063¢>%46x y=0.041e*7
NH-F y=0.659x-0.142 v=0.484x"72 y=0.357¢%424 y=0.059¢+047 y=0.047¢4393x
H3-F y:e(0.429—1.087/x> y:0.20360.863x _ y=0‘044e4.741x y=0.028e5'995‘
H1-F y=1.106-0.582/x y=0.27260'536x _ y=0'04964521x y=0‘05264.421 X

D.Q.FRHICV (5 XA 1, NF-H F-H NH-F H3-F fl HI-F #&% X623,

DIREZHEE S TIRETUAR (Q-FR) TEANHENE I (NF-H) 9 IEAHSC, e AR S TE M4k, i J5 (F-H) 9%
BITCAHE(E 4, Bl 2(k, 1)), Q-FR FEARNEES (NH-F) t R IEA S, I AFEERE(E 2(m) ) (EX]E] 5
(H3-F, HI-F) FIEHITCHE (R 4, Kl 2(n, o)),

FEERCEME S IREZFENE (ICV-Q) LI S TIRETUAY (ICV-FR) (8135 0 IE MG, B8 EUREE R (£ 4) .
Tt AE S P8 500 R B0/ (% 4) | IR ILIEAE AR T 1CV Bl Q 5% FR AYBE3 (I 2(p, ), F2(u, v))., 54
RIEIFR B, RIEN SRS E0M R BB (K 4) 325 T ICV BE Q B8 FR W38 (B 2(r, s, 1), B 2(w, x, y)) .

Pl 2 2550 R 7R [R] — AL BRZH SRR EE 1 DIRE ZHEIE 5 Wl ARV AR DG (AR DG R B r F0R) B K
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Fig. 2 Optimal regressive relations between species diversity, functional diversity, functional redundancy, and community stability on
various combined gradients of different levels of clipping and fertilizing
Q:DIREZMEME s FR.IIRETUA ICV BT TR 8 M

TIHRETUR S YR ZAENE BRI OCHE , DI RE AR 1 5 BETR A2 E PR A AR SC MRt R T I BETU AR S I A2 PR A
Ktk

B AT BT 7R | 34 NI RE 2 BEE RIS RETUAAR RE B2 e B VR AR M | R (LAY R/ 2 T 7 25 L [l e
TEVERSE T 83.19%—89.09% HYZE Ak . E i T [ AR rp D RE AR PE AU AR v i 171 U9 R B R T D RETUR A
HEAL D (0] U5 2285, DRLIEE , DRE 2 REME R VR RS PEROSE I R T IIBEOUR BRI . ol T2 A | A2 A 2 20 8
HER, HRELARMERINBETUR Z AR &M (3R 5) .
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3 AN

3.1 DIRESARIERIIRE IR SRR E

HI TR0 AR R A D RE AR ME TN BETU AR B FEAL | IR , Wb 22 A0 1 0 5 A A P Y L R 2 i ot
DIREHENE (AN ) MIEIBETUAY (PRIGAENE ) BB SE B, KAEEBFTE R, Wb 2 Bt X i v Ae e v H
AIERO Y I H S IRES R R RETCA IEASC ™ BT 2521 (3% 4, 181 2) b4 4 T B A TEdE
AHEFEIRIIS 2 W, D REZ RS VS ARS8 PERYRZ IR 2R T I RETUAR MR R (K 5) o P, VA T RETU A &
I8 X A AV A A (VR (LI RE SR P EANION TR, TREA 3 M 2 IR SE R 56
— , DIREZRETE ARV A AN B it A b R 18] O 453 ) AL A4k, T S RETC AR M AR B AR X E E (% 2) o )
i, DREZREME R D RETUAY AP 4478 5 2R 800 o 9.10% Fil 2.26% (3 3) , UIREZREE LD U AR A T
MAE SR (3R 3) 50— TIREZ REME S WA SRR PR RO A G S8 T IIRETUAY S WP ZREVEBOARSCE (18] 2) |, RIS
A B ) A o A P T S SO B S M A AR B R T (R 1 A AR | 156 By o ) e i B 56 4 T i
AMELERF TR RS E M 5 = THREZ RV S R v A VE AR SC PR 5 T D RETUAY 5 v A M A AR S ([
2), WI7E Pillar er al. (2013) BIRTFE, EIR =D TIESF SAMT A, PR R e PRt A i D RETC A Br
PUE ) LRGN UEYE A TA I REE VRN I AR 2 B8 PE AN I R TT AN M 8l S A= i 107 A% fh 0 i 5 5 O
TRV RS MR i A RF R 5 55 TEAH OC | RIVZ RE Z2 REPEFITRETUAR M 2 vh 5 W0 b AR 1R 5C 2R B B 0] HLAR S M
1o XA E VR B M HUROBOR . PRI ZEARBIE SN FI A 3l L A BT IR AL R 25 0F R, Fha] S RE PR 25 5+
R EL AN A e A R v FE B fr) RV RS MR E By, TESE TARSUIRGE (2)

x5 AENBHAESHELIHEESFEM (x, ) MINEETR (x,) WBEREM (y) BMAYZE S B
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

AbFRZE B (] 515 A

H b BRI

Treatment combinations Regression equations R? Fotest P df(m, n)  Tolerance
NF-H y = 0.551x,+0.490x, 0.831 220.381 <0.001 2,87 0.707
F-H y = 0.728x, +0.472x, 0.853 258.820 <0.001 2,87 0.977
NH-F 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
HI-F y = 0.832x,+0.529x, 0.890 255.388 <0.001 2,57 0.993

NF-H . F-H NH-F H3-F fl HI-F 7 (A3 3, RPABIEMURE ZE, m Al n 430 38R w05 [ B AsR2E A g,

TIRETCA AR AR S+ ME T REJE BEVE AR B I N FEJE I . Petchey et al.(2007) IAH Y | —ANHEVE DI RETU AR
& H N AEITUAS (intrinsic redundancy ) FIZNETUAY (extrinsic redundancy ) 3L R P E |, PITFETCATIR T #p1] ) D EAH
IV T ANE TUAR FR DA A B AR BEAILAS A6 5 B A 4 D) RE AR A AR BEALAZ A= A o B an , A8 ) %o S Tl
TR 7 190 e [ i 7 T2 T AP ST A DR % A v 7= 2 PTE TUAR T 5% 8 e R P bR B 38 1 p g
DA B R ABCON 3 06 55 e R4 o 8y 0 A5 1 2 D S B AT 1 0 B o 1) M T 22 B B R
ARA A AEBEHLAZ AL, WA AMETUAR o R, BRAIE T8 32 58 5 s B A PR B A2 AL s sl e, e HEVE 19 D e
TURFRBE R ZANXESE . ARFFEH  DIBETCARA SN F SOt AT R 520 (2 1) B 5 IRe 2 FEMES AL AR It T Y 45
RV UL TR, TEMCRTHR T, DI RE AR T B AL R AR RO B IR R M R

AWFFEREVE DY Rh Z2 BEVE TT B G R AR, R R D e 22 AR M RS BR TU AR AR BG4 Fh 22 RE VR 1T 3 in () 2 (a-
i) R AE YEALBE D RE 2 R s BRTCAR M i3 m (B 2(x, s, v), B 2(w, x, y)) o AN AY
FhZFEME (LA Shannon-Wiener $838 H'{E/R) —M&AE 1.5 & 3.5 Z ] AR/t 4.5 FoATHEA S50 FE L AY
IR R DR FEMRTE 1Y = 3.99 % 4.28 WHAFIRM , Ik, AP Fh 24 M X VA Fo e M ) IE 2800
SR T REZFEME AT RETUAR BHG N SE B , (B Fh ZAEE T el Fh e e ol 5 R R s S R G b U ae
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PRIRE R DRe AR AR b stk 2 ) 2 BEwi /), 6 17 5 3 D) e Z AR ME R D RE TURFRAR ., DRI B i )
FhZ R FAERFRES S E S R DI BE R e M R B
3.2 SEEAL FEAL N

XIEN i AL X A Z2 e Dl fie A 1 TR T A e S EL AT AH S A s e, X310 A Y8 s i BE Ay R A1
AR, EORE <t A 9 22 EA R A TG S 3 2800, [RIERE, XIE R AE X D R TU R ERA A B (R 1;,% 2) .
CEEZERUIES T AR SCIBAE (1) o BEINEEN; 5 DA AR — S e A sl A1) 51 S 56 A 45 15342 A ] ik R B (R R
AR B T8 TR A /AN BT DR R PR A G S G R OO B i T AR A BE Y N
= TR e [FIET, SE Bt B S B S A D e et Z R4k, A R T LUAS [R] 7 X0 A BR 9% 3
TR RAN R R, R 22 1 B 1 LA B e ) g 8 B M 188 i 0 %ot 3 o e e L (R bR L AR Y
R AR A58 R AR AR 22 5 22232 SR BINIE S 28000 32 B S ph MG ACS 5 DRk A= K B9 i KR AR 4 3 e e A
IR TE S IR VE AT i AE AR =F & R AR A 5 R B 4 A A TR B e 0 AR5 [ 1 4 A
RRALE A

Yang 45 (2012) 76 E AL R A FR 7 AR A EFAMSEg 2 05 XA ZR 4308 043 338 I R BEAS T Fare
TETE RSO PR | RS PR SR RE DR AR AT 0 P Al =F 6 BE TE ARG o 33X 55 AR 5 v it JIES R0 X0 340 3 331 o
A TR ZRE R E R e R Es S (3R 2) — 8, AWFE it — Ui, M BLX R4 SR 5 D RE 2R M uk
IRETUAS RES RSB MR R AR (3R 4, 181 2(p-1), I 2(u-y) ) A B4R AR . (H AR 1 A o il AT e 4y b
Z AR BRI, DI BE AR S D) BB TUA X RV Fo s M 105 i 0 23 B 22 P IR 2K o Yang et al. (2011)
A R e JE R E R O L SR 10 AR5, VA O 355 B W I, R R R B TR R AR
FENE S R Z REE UM TEOC B T A2 AR A RS AS = T . BEIITEAR ZRE MRS T CAnK I f5 ) |, #E s
FeE Mk AN PEZ 35T b AR AR () D RE 2 REE TN RETUAY RN, PR, it AT R AR P R M2 i Tl
REXF W 22 R B0 01500 (3% 2) BEAIR T DR 2 HEPE s D R TU AR AT D ZRE MR AR RR B (R 4, 1 2(a, b),
B 2(f, g)) , dEMiREARTIRE 2 FE M s D RE TR X BRI R M2 (B 2 (p, q), B 2(u, v)). BEESRAE
TSR, QAR AR B A 2N R G A PR R T R A S e LA R e it AR, FRREARAR A 1 A T B
SRR Z AT BEE APk | OB B VR RRUE PE R AERE LT . B TR BRI AR X 9 b Z2 R R U D g AR
SEME ELAG A RSO, SR B 24 5 (s ) ) 5t A0 A 45 B A R G, IV 1% RE % 3RS 8 R S Y 2 R —A
H—HE RGeS, NI ORFFAE R R T RR2e v, X 75 IR T T A & 0P 19 52 56 171 0
5%,

B - B R e b g S ) A A R G E M ST Y SR . BPAMBURE RS B AR S 1 S0 R A2
i R 3 By RO
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