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Abstract

Aims Fully understanding the assembly patterns of plant functional traits in plant communities is a big challenge
in the study of community ecology. The assembly patterns in alpline meadow and driving factors are still poorly
known. In this study, experiments with different mowing intensities and various treatments of fertilization were
conducted in alpline meadow for the purpose of improving the understanding of the assembly patterns of plant
functional traits in plant community.

Methods Data on functional diversity of 10 traits for 33 species from 108 quadrats (with varying combinations
of mowing and fertilization) were analyzed by randomizations tests, ANCOVA and regression analysis, respec-
tively, for the trait convergence/divergence.

Important findings None of the traits studied showed consistently significant convergence or divergence pattern
in integral gradients of fertilization and mowing treatments, while the ratios of quadrats assembled under determi-
nistic and stochastic processes were 82.7% and 17.3%, respectively. Among the functional traits tested, growth
form, life cycle, aboveground dry mass per plant, leaf area and leaf dry mass showed a stochastic pattern of as-
sembly, but they were not affected by variations in mowing treatments and community characteristics (i.e. above-
ground net primary productivity, biomass loss and vegetation height). Convergence or divergence patterns were
shown in traits such as plant inclination, reproductive modes, nitrogen fixation, plant height and specific leaf area,
which were affected by variations in mowing treatments and community characteristics. Among them, assembly
patterns of plant inclination and specific leaf area were only affected by community characteristics, while nitrogen
fixation, reproductive modes and plant height were affected by both mowing treatments and community charac-
teristics. Moreover, the patterns of assembly varied by traits. Aboveground net primary productivity and biomass
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loss well explained variations in the assembly pattern of plant functional traits. Mowing and fertilization showed
the reversed effects on the assembly pattern of plant height, while no significant interaction was found between
mowing and fertilization. The results suggested that there were different assembly patterns of functional traits in
the community: stochastic pattern of assembly was the primary, and the deterministic pattern was secondary. De-
terministic pattern was trait-dependent and correlated with variations in mowing treatments and community char-
acteristics. The balancing effect of opposite selection forces, on the other hand, could lead to stochastic assembly

patterns in plant functional traits.

Key words community assembly, ecological filters, functional diversity, trait convergence, trait divergence

.Y Al S U W S WA e P gy £ 7 RS
221 — AN FE K ) @ (Diamond, 1975; Gotelli &
McCabe, 2002) . f:7% 14 % (community assembly) & &
W2 FEIE BB ORI 4E Rl B2 (F v 5 4%, 2009), —
MALTEE PEABEN LY E A PR IR AR, JF H SRR
TE AT 46 444 % (Gotzenberger et al., 2012). 1£4;
(1A P TR AR A T V& A 2 R B AR,
RETERERTE A R A e B A ALY, (HRE S
AR VE YA ER S IR 5% Wi 171 [ T 3 [ PR AR S,
RE R (R T AR AR X T A AR R VA A i B A )
T 380 3 DT AR 280k o T) = P AT L2 5 [ ) A 5 2
(priority effect) 7EAR KRR bk & A5 HE ¥ 4 ol 20 ik
({1224 (Grman & Suding, 2010), BIfFERIEEAHE],
Re D | E R YA A e, I3 B0 — R
52k 25 (Beisner et al., 2003; Perry et al., 2003), {HAS
v R AFE ST SR B % e AL AR ES U | e
WA R 22 IR S, I nT BRI AN 7] 4 A
(Aiba et al., 2013). T ARG fe £ 2 Pl
(R Dhie @ PE ke, PREEelihzh & JE PR =08 E o5t
SRR L B D D) REPEIR A%, A4 A
Fo 5 BE R AR AT 2 5 AR 2 R G B () s
I (Hillebrand et al., 2008), LA RS IREMIFEA
PR I AR A A ) 3K ) D
¥ (Pakeman, 2004; Grime, 2006; Pakeman et al.,
2011). DAL, FEDI D REMEIR AR 4k R SR A K
BV AT A S RAED BN A HIERR, E
Fo 7R BV AL R, S VR M T v 45 A RN AR 2
RGNk, D65 ] R v Fa gt i R v R A D
AR A AR 2 A L 5 A2 250 B2 R AH DG 1

AR O IR 2 55 TR D RE PR IR S e ph A 5
AR 45 AR IE(McGill et al., 2006; Kraft
& Ackerly, 2010; Kraft et al., 2014), JfH KM LhfE
Z FE1E (functional  diversity, FD)>K 5 #5402 se 1t
RAE A AR AL (Fukami et al., 2005; de Bello et

al., 2006, 2009; Grime, 2006; Cingolani et al., 2007;
Cornwell & Ackerly, 2009; Cleland et al., 2011;
Pakeman et al., 2011; Helsen et al., 2012; Kraft et al.,
2014) . FIY) DB Z FE Ik AE 3R I AE ) A HLAR D) RE I
JEZS . AR 41 Rk 5 25 4k (Hillebrand &
Matthiessen, 2009), ‘&t & Fh [a] MR 22 S A s
A FE W IEA B 73 (Diaz & Cabido, 2001; Leps et al.,
2006). FHPIhHETE R (plant functional traits)J2 $i& %}
IRBEARA R A N T AR A R G D Re A PR
(Pakeman, 2004; Swenson & Enquist, 2007). 4$3))
LR R T EM YD Re AR AE B R A T 2 B AR AR
PRI, AN Tl e RAE A 8] FR AR 22 ik Pl RE AR,
RN Tl e PR A AR AL o X R AR A — R 5 Fh
() P SR [ R SR A St 9 T A e 1 o e B =G
(Pillar et al., 2009). Rk [F] 44 (24552 (trait-conver-
gence assembly patterns, TCAP) ¥ % th AR /E W30 55
[R5 ZUH E AR s 5 =2k, ATAS BE VA P Rl () PR A
) T35 B 5 PR 5T A& Y )P 12 K SF (Weiher &
Keddy, 1995; Weiher et al., 1998), 54 &7 H 5,
IRe 2 FEE S, A a] PR 22 S/ T AN IX ) b 2
th B B il P B A A R ) R VR (R R ) 22 e vk
(Cornwell & Ackerly, 2009; de Bello et al., 2009;
Sonnier et al., 2010; Thompson et al., 2010). {HTCAP
AReREA, AR R vh b H) 56 4 SO R BUES
ot CLREACSE Gk 0y, YERFRS e 2547, Fhia) 22
S NN I SR RN SR R R R
(trait-divergence assembly patterns, TDAP) (Grime,
2006; Pillar et al., 2009) . TDAP L T4 FRAH U
P8 (MacArthur & Levins, 1967), 15 % Wilson
(2007) . Stubbs 1 Wilson (2004) LA & Swenson A1
Enquist (2009)% NBF5T TAERI SCRE. 2R, [R5
JiE A 355 s 0 RI BRAHARLE 1) I ABLF- SE AT 5 B AR
W, XL RIAE Dy R IR BN BATAR R, DL
3 [R] RERIEE, A IR) S 0b 25 2% — 5 I PR IR 22 e

doi: 10.3724/SP.J.1258.2014.00086



918 4 &R Chinese Journal of Plant Ecology 2014, 38 (9): 916-928

AR RIE A AT . L, IR 2225 U W TCAPAI
TDAP X i At A5 X AE [7] — BE v ] BE [ I A7 75
(Pillar et al., 2009; de Bello et al., 2009; Cleland et al.,
2011; Helsen et al., 2012), TCAPFITDAPIRELH &
BEAE+F T2 Mo AL, SCERIE T A8 € 3547 (Wilson,
2007; Pillar et al., 2009).

FRTCAPHITDAPAL, A7 AEREY) T REVEAIR I B
Bk, BIERSh SR AE T, M D Ret:
AREEA R I [F] B AR I 57 (Weiher et al., 1998;
Schamp & Aarssen, 2009; Pakeman et al., 2011). #
41, PakemanZ5:(2011) %} 3044 45 8 Fh 52 2% Fh P 5 A
FO MR F SRR 124 M D e R A A =Y
WFFUEAT BB — AN MOIR 2 AT 3 28 [F) 2l S 1 46
o B AR IR R IR, o] BB AEAEAH S 1)
W)V T TCAPFITDAP, i Bk M A B 2
—ANBE AL A P Rk FE (Hubbell, 2001; Schamp &
Aarssen, 2009; Pakeman et al., 2011), B LR
X R 1ok R AN T 22 (Pakeman et al., 2011).
AWTONR, AABOIE L REI& 2 [ WA 4 B 1) &) e
AL NG B D RETR AR AR AE ) ] A 2t
(Fukami et al., 2005; de Bello et al., 2009), FHALTEK
TR AAE I MOKAT, T R T SR A
DI REAF A1 (T ) fie 11 R 20 1 11 [R) 44 2 ) (Fukami
et al., 2005; Helsen et al., 2012).

gr BT, RVE H ERHE A A R L
W= AR Z 09T, B8 QRREE T, M)
RETEIR (1A A AN 2 80 48 2 Ml AL 1 1) BB A
R, i B2 3 BRI 90 AE r  SE VR R AR DR 1 AR A
M1 %% (Pakeman, 2004; Pakeman et al., 2011), nJfg
B 2 Moy i B AT B O, B Ay il A U
HETJEAY . EH N, 1£55 NhIahas&Fh
M DR 2Bk R ZU I 75 50T, Pakeman(2011) 1)
WA RGOS0, EAY) D REMER B AL A5
&l T R I FE D4 T TCAPAITDAP, its2
THEHE ARG MRENLE s, 57505 . Pakeman
S5 (2011) B R AN E MR I R, R R s b i
WIR AL 3 A5 T R AR R AR AR RELA) T REVEAR 1R A4
AR AT 5 W) R 224 ] (Pakeman, 2004; Pakeman
et al., 2011). DRHFRATIAREN, 40 SAH B i) £ 05 A
A2 LA 5E 4 11T 2 B ) VIR IO TCAPFITDAP, 4
R TR I A BRI

e FE B 2 T e e AR R . T
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AR AR, v FE A A LR E H iR 21,
WA=, HIRA = AR, it A A5t e v
SFE ) et A ORI B R R S T (T IE
e S BT A2 P I W R, R B T Rl R
(Yang et al., 2011). A RESE R pP 2 B, HAE
TERRARI VR A2 0, W 3 A7 A 1) P =2
A FERNR A R LN 1 o B TBCBORUK it
CRCA R JE R AR S Rl 2L S5 LI RPN
KPR FATTHIET IR TR B, N E i XS
R RPN Z R RS E R I AL )
FATH S SE 00, /T RESE A 2 kAR V4 A5
SEVE, BRI A 0y, T 5 A AR T AR J
(EWAREE, 2013). AMWFFTIE I AE = 2 5 ) g 164
(R s i R Nt AR, ZEREAT AR BFST (1) LA
Mason g2 FEM: FR2(FDyer) (Mason et al., 2003)%
AIE R ) 5 5 At ES Ak - 10N R 4 1y R e LR ) o )
FEXS 2 5, 4 AR 5 BAUL R V& B LA 0 AR A
(PR HAT XSURAT G, 1 = FE A A & 1 4526
SRR R RE 50 i R A7) Dy BE IR 1) = AL A
3 (2) 383 53 B FDyar £5 NI F1 R it S Ak 2 8] (1) A2 4,
fiff 5 K1) 1] R it AL 2 5t 5 FD o LA AR SR 310, DA
SRR D e IR S BEA LR Y, &S AR alR
s DR R, DB UETATHED; ()it
T FDyor SRR FFE S EU (M EA g A7 0 R
Ji PR A= A 4t 2R DA SR v v B2 ) < T O AR R e e R
RS b 204 7 R B R it I i VR R AIE 1 AR 1 2
T P D re R Ry g B IK SN E R

1 #MRFITTE

11 fFAREX#R

AR A E R B AL = SR A AR S R GE
RESGEAT o 1208 b 57 -7 3 i J5 AR A B PR A3 1L
%+(37.48°-37.75° N, 101.20°-101.38° E), ##1k3 100
m. /K E562 mm, Hr80%E15-9 .
BI-1.6 °C, BT H)FRRIEL8 C (B4
&, 2004) . AIFFUREHL A R AR HE & %L (Kobresia humilis)
Hife), W3 200 m, MR, b AR (B
TE1LH W) RS T o A A O AR AR,
A A M RO O A Rl R R R L ORH W EE B (Carex
scabrirostris). FEREH AL (Elymus nutans). 555
(Stipa aliena) 13 i X% (Saussurea superba)&s
AR Sy vl ) (M AL 1982), LR ATHL
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SR ROENe, TR RS2, ANREW SR A K
B (RB 42, 2009) .
12 WRAE
121 Rt 54E

PRI FEHL A T-20074F4 I, 34N RIEIKF 2
ALK, 3 XA, FEAN X34 m x 4 mAFE
Jr 2 R X it

TN ENAE T, AE B2 = 53 0L em, 3
cm, Sy AKIEIARBE, X)E R S Y AE R SRR
[160%—70%- 45%-50%F10, XIJE] b B 3k (3t -
A=) B W v T R b SR TR R SR (R AR 4L AF,
1994; JRGZIAIENI, 1996; Zhu et al., 2012) F J& I
o RS TR AT RO T 2 (60%41459%) PRI, 3
ARNENRKSE ] AU & BERAE . o FERUANTBCBUN 1)
I W DO HEAE AL BE, RET X, IR diihe
MIASHE24 7K FABH2 m.y $£0.25 miF) &k +
FIEPVHRAFH0.25 mig, KefEA~ 3 X KFET5 48
B84 ~2 m o= 2 mip I XAy, R 2AN e, 248 A
WEAE (LYo RE L it T Ak R AE @I XA T v 91,5 mx
1.5 mys N BT . B EIXFE T A FF%44M0.5 m x
0.5 mIJ/INETT, Hor A KM a2 Fil 2 e 4k
(R ARETT, IR AEK AN TT T HEY) Dh e
PRI 22 o

__________________

IKARETT
. Permanent quadrat
(0.5m x 0.5m)

HURERETT
Sampling quadrat
(0.5m % 0.5 m)

1
1
[ I T TN 7 s
: : ! Region of clipping and
1| « - - . fertilizing treatments

(15mx15m)

4m
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Bl AT ER . Ol NF AL
Fig. 1 The layout of quadrates in a subplot. F, fertilized; NF,
unfertilized.

I PR T, AL TSR H TRHCIRE,
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ATAN R iR BE RN FENFIE AT AL B, A RE& AEHR 8D )5
T T RETEAR (A B (A2 AL

FHEAERTIT R 2P S A 2110 om /i A7 i

(6 3 R AD)HEAT S YO, K P R PR X1 ) Ak
T ARETT RN B4 B T-60 “CHEART2 h, FREXT )5
H(Wa)o BREMEAE3IR, 2 F5-7 H P AT . it
JIEL e DB 2 7 3l 4 PR P A 75 I ) X A N T
b BT 1 S5 D0 e A S A K A1 (T 22 1545, 2006), KA
JijR254.25 g-m2 (&N 20.4%), B —%%1.02 g-m™
(FN 5.9%, P 28.0%), #EHN. PRIV INE 7374
2.782710.857 g-m™.,
122 HIEXE
1221 BERESDREERNE 48 HVIEHT
TR AL, THEC R ARE T W IR o B A 5
5 o FRHE20114F B 45 2R, FAT TR T 33 AR
PEPRI e o IX LW PII R0 EEEHEIT80%, REMS %
WLV E L 1) A A 4 L R (Garnier et al., 2004)

20124E8 1, BEE AL S, ERANEIX b
(K134 AR AR AKE 7 v BRI BN R 0 4 P 1) £t
AMARSER, Die ForE R AoRpk s, B TR o i
BUX(CI-203, EECIDA R EH AR, Jbat)E
oA, ARG T BY R, B T60 CHEAS
72 h, Wz MR, B REbE SR AN E
sk, BIMRE . Bpkh BT RE . MR et
AR

7E B A WL EE A A (5 SCRR I GRS T, FRATTIE L
THERAL, MR ZaE)7 . BRI
R S SRS AN o RO 3 A0 - 38 W IR DN AR R
A i N PR EOMEIR (Walker et al., 1999; Cornelissen
et al., 2003; de Bello et al., 2006) (£1), Xf4&FNHyFd
) B AR BEAT RS 2 (Y 3%), AERE i S )
FLFE 5 VERAE N 1 BT PEREBEA T AL, JF
TEMRAE 2 AN T-1, A5 48— 2)[0, 11X 1) |,
DAV S FDya B IR 104N B etk nl il 4
PR BRIEAT . BEE RGN PSR, BA
Ak, CARARSUSh Y Sy AR AR S R
1222 FEMERMBESHNE 8/ Nl
Vet BRI ROA BRI, AL FR K ARE T HEAT
PCHOAE], FERX S B 160 CHAETHT2 h, Fx
T B (Wa) o 5 58 AC BRFEVR I b Ly I 2 A7
(ANPP) L2V L3R IR T 5 B 2 T (W + Wo) 5
123 HIETESHITHH
1231 HUEUHE HEA L1084 J7 A 1011
IR KIFDyafl (Mason et al., 2003), 15 A R T:
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1 Masond)fE 2 AFE R ELFDya 1 3 S 5 BEULF Dy U1 2 0% 35 A ) () P32 B3 A

Table 1 Mean value of Mason’s index of functional diversity FD,, for each trait and the mean probability that the value differs

significantly from the calculated FD,,,

PR Trait FDyar Mean p N NL Rq (%)
FERMEIR Plant trait 4K Growth form 0.250 0.635 2 2 96.3
R Plant inclination 0.262 0.388 17 1 84.3
2577 Reproductive mode 0.105 0.396 46 0 57.4
G A Life cycle 0.006 0.321 1 16 84.2
W% Nitrogen fixation 0.046 0.365 1 18 82.4
¥k Plant height (cm) 0.083 0.133 14 10 778
kit i Aboveground dry mass per plant (mg) 0.541 0.362 18 2 81.5
mPEIR - Leaf trait AL Leaf area (cm?) 0.375 0.589 14 1 86.1
Eeriii# Specific leaf area (m*kg™) 0.613 0.461 14 0 87.0
M JsiiE Leaf dry mass (mg) 0.537 0.368 10 1 89.8

FDyar, SEMIIREZAEPET- M, Mean p, FDyo SEIME 25 % T BT FDve I B F BIMEZRAE, N AINL 23 S AR 2R F Dy S5 I R T 50/ 40
AR 7 B (5 AT A A S A ¥ 1 R8N )2 2.5% X 45k); Rq, &A= BEH LR R (KR 7 Lufil o

FD.ar, mean observed value of functional diversity. Mean p, mean probability that the observed FD,, is greater or smaller than expected FDys. Ny
and N, indicate the number of quadrates with the observed FD,, greater and smaller than expected FD, (ranked in the highest and lowest 2.5% of
the random permutations), respectively; Rq, the ratio of quadrates assembled under neutral processes.

N N
wo=a;/Ya;; Inx=>Y wxInx;
j=1 i=1

N

V=>w (Inx + mf ;FD,,, = ﬂgarctan(SV)

i
i=1

A, w B RN 2 2, g aydr e
Flis JIOZRE, NSEWIRIEL, e P Rhike— IR o34
{8, Inx AR PR B0 BB M8, VA AR X
Z IR bR AE 22 2 F1, RORPEIRAE S FEE, FDyar
JEMason ) RE L AETEFR B, FDyo fEEE K, Pl PRk
RIADN 22 R, Pk, Iz, PEREIE . FDyar
TEAAR, TR IR AL i B AT B L .

1232 FENMLREE S TR 20X
it A B LA ) Ty RE AR P A i R A BEATL IR
Tff s (), 201 S8 ik B ML A 2 N7 AR F Dy
SEAH W BRI, AR 5K S FD o {H 20 51 5 ALK
FDvar AT LA, JREAT ORI . TN
1y 5t S F Dy fBL A 75 28 I8 2 R AP T mT LA
PIbRHE . FARBE: H— TN HEPEIR 1 FDyar S 5
IR W% 2257 (p > 0.05), SRRy Bb LAY
B APRsE: WERIE— DR ER L FD o (8
(1)~ BB V% 7 FDyar S0 S A A 28 20 A1 1R K 2 2.5% X
(A /N TR, WM R, szl
FD vl V& 111 2. 2.5% DX 5 (S I K T 31 2 4), )
ZME R4 5 (Bersier & Sugihara, 1997; Schamp &
Aarssen, 2009). Fifi LK 4L FE K ] CingolaniZs(2007)
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Schamp 1 Aarssen (2009) (1) J5¥2%, JFilil & 'S
FIPHPARAD S . FLARTT A PRFFASAE T A 4
FRA R DIMPEOR R 2 FEAAR, AN BENLAS #e % 4~4)
R 2 R, B SR VERE 5 A S BPERIRAE SN BEL
AR BRI RR, A RVERE T ) E A S, A,
A RE S TIARAAEAE TRE T ARG B, FE00
PR R sl Sl m b vk o X AL AT XU A
YO, den ~ A5 pfE: p = min (2S /5001, 2L /
5001), STRELESZMMEIRZES 000K B AL AL FE 1S 21 (1)
FDyar WA K T 805 T 5L M FD o fH I X, LIR
WIERAE /N T B8 T SE DB I IR ER

1233 WHEST B TYM 2RS4
J1#02x % W T g 2 K 7 (Pakeman, 2004; sasaki et
al., 2009; Pakeman et al., 2011), R #ERf{h IR b
BEXT Dy Re Z A, SR X % 1T I Univariate
ANCOVAIR £ 155 81 53 81 Dy e 22 A PR 7E S50 b B[R]
(RIAZAK, o 23 A7 23 3] LA Simpson il 22 K 1 e KRR
AR ) A AR i, ORISR it A A [ e P,
DXZH A BEALIR 1o AR ) 32 DX AR S5 IR g A SR X
PRZR, @A I A AR 2, ONE 5 e it
NES XA PR 5NE DL STt IE A2 HAER .
W0 b B BE— D e MR W FD HE A B A 2
FHRM, RN IR G R AU IR, a0 FON)E A
T XS o — Dy B AR R FD e (L H AT AH S5 MR, (HH
HAERN AN, R s N E R AR X L TCAPFI
TDAPH A VA s N, JF 5| & LA e o % ib 2R
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FDvar V- SAMH 1) 22 H L 80K B /) 8 35 7 45 (least-
significant difference, LSD)EA % .
1.234 [HESH U Bkt B, e
IR 3t T 5 0 9 R AR R AR A A2 75 R AR D R 22 4
PE R AR 4K, AR SC 2 [ Kihner F1 Kleyer (2008) .
Pakeman % (2011) (1) 77 v, LA 06 A 3B V& R
DNRENEAR KT FDyar (B R W AR 5, DAL g ) 928
DI A R ROV i B3R bR A AL A 450
R REAR B, ONHREA D) R MR A 7.8 [m] AR 2R (L 4
BIRIURLIY) o 0BT L5 K B2 (1) VPO B N IR A8
RFAE S B0 18 B LU ARt A5 2 S HE I (AIC) 4y Ak 3,
BT LLAICE 5% /)N (Yamaoka et al., 1978) H A H AL 5k
(Burnham & Anderson, 2002) {458 g e AR . )
W7 AHE V& A AIE AR 4K BE AT AT 200 B A R E A Ty e TR
FDvarfE 1754k, W) 3o b A e LA 20 1 15 Ll b
170 BAG R B AICEY 55 A A5 B R TS A 1)
R 2 b R A E<<2.39, WUBEARRIE A LA RE
iR 1Z IR FD o 48 4k (Pakeman et al., 2011).

IR R R IE S H, A AR EA
T RE 5 BT (R R B . o AR — M A X1 a0 o e S
X AR HAT R ORI, RN 22 B Tt I 34 fs
REF= AR SE P R TSRO, R IR ) = A= BE 2 1 53
Reel oy BE, BRI AR I AR A S N 2 L Bk
s AR R RS 2 AT IR AR DGR AL
K, AERU b S WERF R A4 . AR E R
DA X EI AR BE6 F) rh A AR Ay b b i) ¢
A 01 A G (BTW/(Wy + Wo)) R 64E - 308 T 52
L7 AR A [Nl 558 S St FD o (L 1) ELAZ S W, [
IS 1 8 S WU 9 O R 32 )2 - S92 (R AR AL TV
e 5 A8 H rh ) 1R ) A R A 0 ) ARk ey AT AL
KA, EEARE R AN ) 5 i 5 A K
e A5 R, W RE SR L DG IREE AR 4k,
L S AR A AR KR A R

TEGEVE ARG, 6 B EAT IE A MRy 2 55 1
Ko bk b MR, bR A
HHURFIANPPREAT 7 i 4, St iiAR . Lot i
FEURIEE 0 e P RO B ¥ o 8010 BT R SR 35 1R IK
F#EAp < 0.05, SRR (v.3.0.2) B AF T 4347

2 HERFMO

2.1 #EYThEEHIREEER
A3 5155 104> Ty fi P IR FDygr 52 M {8 55 25 51 714

FDyar S S AE 110 00 AS 560 5 B o, T 1R FDyar
SR e A e R R NN S o) S S Ne
0.05 (K1), 2B SMIPEAIR (144 AR 3 55 B AT LAG) AL
AOFTC W 2 5, BILE N B R it A Ak BEABR L, 3K
PR AR R ST H L W R ) e A A
B, T R I LR A IR K
-5 Dy REMEAR FD e S MIME 55 B SR AE IR LU A 56, 3R
URIL: FE108/NFE 5 v, AR AT e A B B AA £ 1)
FET7 HE A 152 175 (96.3%), 2 34N PR LA Ml
FE TG B EE . SRRk T T R (81.5%—
89.8%), Fifi & Je ki (77.8%), i)y Xk A BN
A IRETT LU B AR (57.4%), 10N ThREMEIR & A= B ML
Ry (RRE T LA P15 4 82.7% (1) X Uit B AE Th fg
YRR S A BN B IS OL T, LR thiR
T RAAFRERER OGS i, a7
(1) FDyar L MME 7E42.6% 1K 75 {535 51T FDyor R
(FEASRIED v F XIS 0 o A1) Ak 388 4 it I 5 A
NERET B9 7. 8. 7. 8. 8558, mi AN
FEJT 80 4946), TR T FDyo S E AT HON0 (R
1), Btk R0 o e Y, {H R B ]
Moo BEAN, HEMBRIEE . bk TR, B,
TR S Bl TR I 5 5 1. 76.9.3%—16. 7% [ A
T BT S 2 R ek v A v R R ] S 2 A
14.8%FN116. 7% 1A 5 B Rk
2.2 RIGAIBERA

W7 2200 M o, AEL0ANThAE MR, AL &
PE B 7 R 5 34N PR 1R F Dyar {52 N 351 B it
JIE Kb 3R 5525 52 (p < 0.05), EDN 1) 55 i A 1) A%
RNV (p > 0.05)(£2). X3PIhBETEIRHEBE
BUAL 3 AR MR AE S AR I R (3R L), HEAR7ANE
AR I FDyar (B AN B2 AR 50 Ak FH % L A 2550 F 50

TEVF Z AR R AN, &t 5 2= infs
G, 104Dy e R FDvar {18 7 22 538 45 SR (K 3)
R, A LA UM 1) FD o fEL7E it I 5 42 25 95k /N 53%,
RITETH bR P Z FEME R S, M AR5 R R A
AT R N, AEDA 6 TG I R

[FIRE R o3 M7 &5 SR (R 3) o, 7ERET& L L] 2
AP TR AR T, A [ A PE . By A
B 1 3R () F Dy {1 75 M) 5] 8t I A 8 ) e A T
B, o, RN ZGE 77 I FDyar{E LX)
E 5 o BN T 14-1545 /1. 7-2.14%, BoRHiEs
PE, (RS %A 8% A BRI FDyar (32N
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Table 2 ANCOVA for the effects of mowing and fertilization on plant functional diversity in alpine meadow
PR Trait A 7 5tk J5 Source of variance
Covariates df = (1, 4)

FIX Whole plot EIX Subplot
Cdf=(2,4) Fdf=(1,2) CxFdf=(24)
[l %M Nitrogen fixation D 1.347 10.269" 6.801
%51 7730 Reproductive mode ANPP 7.688" 0.001 1.424
[ %07 Nitrogen fixation ANPP 12.237" 1.910 5.557
¥k Plant height (cm) ANPP 0.879" 9.382" 0.474

*,0.05 = p>0.01. D, Simpson{i4i; ANPP, Hb LieRIger=J). C, X, F, JEAL; x, ZCEAEH; df = (m, n), m, AbHEE BB n, R% A HEE.
*,0.05 = p>0.01. D, Simpson’ index; ANPP, aboveground net primary productivity. C, mowing; F, fertilization; x, interaction; df = (m, n), m,
degree of freedom in treatment; n, degree of freedom in error.

3 ON U AL X vy T 5 f) KL D i 22 RIS 1) 77 2 20 A R0 22 T LR (PR ( b v 72)
Table 3 ANOVA for the effects of mowing and fertilization on plant functional diversity and the multiple comparison test of means
among different levels within mowing or fertilization treatments in alpine meadow (mean + SE)

PR Trait AL PURAIPGSEH il JEL A #
Covariate Mowing treatment Fertilization treatment
ARIE rREXI) ) AR N Jit e
Un-mowed Moderate mowing  Heavy mowing Unfertilized Fertilized

[#% M Nitrogen fixation D 0.038 £0.017% 0.065 +0.007% 0.065 + 0.005% 0.073+0.006° 0.039 + 0.011%
%t 53¢ Reproductive modes ANPP 0.056 + 0.020° 0.099 +0.016" 0.116 +0.013" 0.090 £ 0.026*  0.090 + 0.018°
[ %7 Nitrogen fixation ANPP 0.003 +0.013° 0.043 +0.010" 0.046 + 0.009" 0.046 £0.017*  0.015+0.012°
FEkF5 Plant height (cm) ANPP 0.065 + 0.022° 0.017 £0.017° 0.048 +£0.014® -0.012+0.028*  0.098 + 0.019°

D, Simpsonf&4; ANPP, Hi BI85 Jg o AH A - REAR R AL B[R] 72 7 AN 55 3% (p > 0.05).
D, Simpson’ index; ANPP, aboveground net primary productivity. The same letters indicate no significant difference among treatments (p > 0.05).

F4 10 ThRENEIR IMason D BE 2 A FEEUFD o B 55 HERARFIE 2 2500 1 de DL [T YA A2 2
Table 4 Best-fit models of regressions of the Mason’s index of functional diversity FD,, of 10 functional traits with community
characteristics

PR Trait BB B Variables in best-fit model B {5kt Confidence ratio
FEERPER Plant trait
A&7 Growth form + VegHt 112
FERRTAHE Plant inclination + ANPP - BioL 321 258.06
%5677 Reproductive modes - VegHt 1933 804.76
35 I Life cycle Intercept 1.00
[%% M Nitrogen fixation - ANPP + BioL 18769.72
¥ Plant height (cm) - BioL 1373.34
HpkH )i E Aboveground dry mass per plant (mg) + ANPP 1.42
R Leaf trait
AR Leaf area (cm?) - BioL 1.36
Ebr i #L Specific leaf area (m*kg™) - BioL 275.34
)55 Leaf dry mass (mg) + ANPP 2.39

ANPP, M 3§14/ J1; Biok, “:=4HE45%; Intercept, MM S HOW; VegHt, FEBE mifE; #4545 + FI—23 il &7 IEAH SR A %
ANPP, aboveground net primary productivity; BioL, biomass loss; Intercept, the model contained constant term only; VegHt, vegetation height; Sign
+ or — indicates positive or negative correlation, respectively.

IR AL I AE R, LB F SR, MILE 2.3 BREAEERIRMm

ot o AN LSRR 5 K FDyar tH ISR AE T (A 10> Ty HE VR R 19 FDyar EL R AV 4 11 2 5000 B
BARAN, Gl J5 Z2 o3 Hn 2 EAE 1A BT, PRI (e 4) o, DRI URHEE . B0 )5 5K
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[ U S PR v AT EE P T AR S D RE MR (1T FDyer (B T
HURER R R AL T LARRE, L O el Ab 25
Wi (R3S D BETEAR (2) o HABS AT REVER b1 (1]
AN 5 O (A0 A 3Y]), AR < 2.39 (K
UL RS W s T 16 ML 1 T2V L) a6 ) M H
AR A BE MR L FDar (A2 40 o M AE ELAS BEK T
2. 3915 M R AL IR R, RV e JEE S RE AR S0
iR I REVEIRFDy 124, HeAaAThRETER
K] FDya 22 A0 T 1 A P gt K s A 7 g AR A 7
DR, sl I AR B BUR 5 25 0124 I (A
T AAAT BUMRRE o AEIX A T REVER R[] Y5 7R v 4
WE D ERBURA T

3 Whig

3.1 EIThREMEK IR

AWTFTRIR, 27 H% R BEHLAG AL 3R 2R
PR, AR 5 I 52 5 B0 10 DRI
B RILES: B W el ek =, Sk B
A BEALA R, L3k AR 82.7%, 1
T8 PER P 1) R B3 O 17.3% (K1) BhiT 2=
I3 MT B, AT 34N 5 MR A A AR A v 1 1)
REMIR (B 00 . B0 7 sCMIR =) (R 1) I FD e (B 23
SR XIS R ot I Ak B A 2 38 = T[] s S
N, Al 7 A Th BE R 1R FD e {0 G Y 25 A8 4 (3
2). ULHIAHTTURE & A D Re MR I A B A7 AR AN ]
MR, DLREAL A A =, T e e (B
TCAP 5 TDAP) 4t -+ ¥k BLHb A7, 1UF 55 T Weiher 55
(1998) . Schamp 11 Aarssen (2009) LA Az Pakeman 4%
(2011) KT 5T 4518

AL G5 AR S T M ik $E J) %) TCAP A
TDAP (1) - 7 2 V. fig 51 &2 Dy BE 1 IR BE AL Ay 2t
(Hubbell, 2001; Schamp & Aarssen, 2009; Pakeman et
al., 2010) W Ao AR 7 2293 W B 5 T F D gr
ARt JIE Ak 2 H A A B Ry 2, i X1 1 00 e
NERAZ AR RO TG 8 3 e (R 2, K3)o (HH T &
AR I S ) D BE AR D, AN RER E AR IR = K
A LR 2 AR (77.8%, K1), k£
ST RUNN HTTRRA 2K, Bk, ARG 1P
RN IR S RE g S2 AT BRIV, T A8 A £ BT AT 1)
BE AL (Hubbell, 2001) F] BB A7 A& A 57 Hh A4 T R
PEREMA LRI BEHUR B 5. XY
Schamp#ilAarseen (2009) 1) 45 & AH—F . KL GFI

TR (2008) £ 7 7 15 J5t 2R ¥4 W iy e (A AR 9 S s
FEGE IR 2 B o3 A £ v A28 (Hubbell, 2001).
BAEARIS AL T TR R B, Rl 2 BEBE AL
P BN FE e B A5 N S R 2 R T B0
TETE A E PEIBLAI (T 4R 55, 2013) o IX SEHIF 5T 30HH,
R AT V& ) MK 1 B LA 2 (Fukami et al.,
2005; Helsen et al., 2012) 5 & A AL Re IR K1)
BEALA LR v] e B AR IR, (R 2 TR R DA AR
KA F T P09
3.2 IR SEYIRE T ReY R SR

10 D e Ry, AT 34> Dy e 1R ) FDvar
RS0 b B HL AT 2 S (3R 2) . L, [ A1
FDvar fEL Y P 37 5 0 A2 B IR AS () 58 A A e (R 2, 3K
3). B FP s ) v RE SR A, TEREVE RN 2
Y= BE RS BEAIR (45, T NCAR R 115
NZBRESE, wFEE B L SR A AT A SR
2 FEIRHEAE FHORT0 A S [ ZE A I PE R, BRI
TOIX VPR RAEY AR 22 5, 5 DRG] T A
IR IR FFAR A, — et AR )
(RGN SR ARG o) — Lo P A S KN . BT
X P A ) S FEAN [ R R R 2 i B 222 SR AR, )
FhEBAE T RE G N /D B (JH e AA SE, 2011),
M |2 FDyar (L 1 o

XI5 P b B3 7 2R FD e (E 39 N (2 3) 2 A
SR8 H) Hp A (RN B B A T K R AN X S R )
(A A, BRI A 2 B, o A el e [
B 2 ¥ (Morina chinensis). %% 7 77 (Anaphalis
hancockii) F1¥E 25 J 75 (Gentianopsis paludosa)s:, {H
R BRI S BT S A R M B ORI AR
(Potentilla anserina) =5 v [ A 47) 31 i H A 5% B0 g
1, NF S 5a SR BN WA T — TR S A
PE BT 1) X i A P 3R A X 2 R, B R
(Astragalus sp.). &0 & (Ranunculus pulchellus) £
3% B (Ranunculus membranaceus), M5 | %54
J7 2 e B

DA a1 A B R TG 328 B Ml 25 B — o v BE TR A A A
21, DRI, RIS V& D0 1o TR F Dy PG A 0 2R
(170 35 B RO T B0 bR AR % — S 1
TEARAL . it A B e A BERE ) A, R T AN [ A ol
WA - 43877 23 1R e 00 BASON SR (R M 2R K e
DI BT 2 e, N S bk s 1) A [ AR 6 2 AT 4
.
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IR G IR, RS INPEBh K S, R 2=
PR A2 Ak A PR AR A8, BE A7 Grime  (2006) A
Cleland 5 (2011) W\ A (1 7 A AL (W13, 31 s 9%
B R ] U e AR ), 4 Sonnier4 (2010) A
A B[R AR (B 23, A A v LAt IS /s [ 2
PR A A o TX A S TR eV A R 2 Te A UL
m(Young et al., 2001), Jfnl e SRR B W B
5o Bilm, 7EInouye I Tilman (1995 i 2 A BEAF: 5
NI O S D, AL PRASEIN BEELE R R
HIRE A SR L1 EE I AR A RN ASFANRSG AL
FZAT N R Dy B MR A1ASE i I 1) PR A2 A R0
WARIRAVE G — TR
33 MEFHETHNEYIEEEREAERAIR
HMER

TEL0N ThRETEAR Y, AR s I, bk
My b s i AR T BRI SN T RE MR A
ARSI (ERL), ARG A HRE VA Ry
MEAAL IR 520 (F22), TAEAMARL L . S5 7 2
FUPE R S L TR X S AN D B IR (1 A g A a
LR RFE AR AT R (R 4), Horp, R, S
ORI 1y 3N PR R ey Sl s 52 A1) ) it S Ak 24 £ A
F RS, TR A AR R0 LG [T RSS2 R R A AR
RIS (R4) . BRItE, fEAWT TR L REVEIR B 14
IR BEALA i R U, a6 A BRI V4 R AR
A 0] A8 W Ty A IR R g B St A Bk B 7R
(Pakeman, 2004; Pakeman et al., 2011), JfnJ HE &
SE PR I8 R AR 0 17.3% (R 1) I EE 25 A
JEBAN BE A AR R AE A Ty RE MR B AR A 1Y)
BB IRNAR R AL &5 AN R R RIS 5, (R B
FRAMIAE ™ ) BN CKUSE 22 (3 4), BRI 2 S AR
Y AR L) D) BE MR AR AR A R R AL

D] 21« S T ORI i 3 MR 1) ) it 52 i
b FRAVEE & RFAE AR A I L [R5 00, 1) HLFDya i 142
AR R (2, 2o PRI A a6 A PN Vs i i AR
W RA WAEIRR, N FIREGEOR, B a5V,
VR i BEBRAIG, bR 4042 ) I, [ 21k
AT 7 A R B 2 B OR, TR e B I ]
J3Ab, AEARIE MGG B VR PR, 9B A
e, [ B G I, AR T S AU SR
TR 22 FERBG N, oK 7 FiEAs ek . R,
FATTHEDI X FFE B R IX 34> Ty B AR 1) 52 Wi 7 R
TR EAAL R 520 o
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AL TS P Ao [0 A5 S 2 ot 2 = g 7K P 386 T
$8 o0 (B B = SR IR/ ) [ 45 TR (6 4) 5 Weiher %5
(1998) I 45 AH B, I AT RE 5 AN [R) A Ffowt D' 8 Ut
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REA R ST, JEBE IR BE AR 1 5 | R R 1)
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IR, AR N, LI TR ol T R A 6 2
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R KA T 3RAF 50 2 6008, Rl vt THEVE T
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22, HAh 2 b

ZE LPTR, ARG REVE AR T RE VIR AL
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82.7%, & [F) FIE A6 G 1R~ 1) R A W6 0 17.3%,
TP D Re MR AREA U £ 00 3=, Aff e P A o i o2
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PRI CRE G R S, 2008), Y22 5 1R BEALI:
B A BB A RN RIS R 2 R S B
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5| & T RE MR BE ML A £ (Hubbell, 2001; Schamp &
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