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Abstract

Aims Strong disturbance and environment stress have significant influence on species diversity (SD) and func-
tional diversity (#D) in plant community. However, the changes in SD, FD and their relationships over time re-
main controversial. Previous studies showed that the SD-FD relationship along disturbance gradients can repre-
sent positive correlation, negative correlation and/or sigmoid curve, respectively. Our aim here is to explore the
temporal dynamics patterns of SD and F'D in a community experienced disturbance. Particularly, we explored how
specific disturbance factor and/or disturbance intensity affect the SD-FD relationship over time.

Methods The experiment was conducted in the alpine Kobresia humilis meadow at Haibei Research Station of
the Chinese Academy of Sciences with clipping (unclipping, stubbled 3 cm and 1 cm) and fertilizing (12.75
gm*za*1 urea + 3.06 g-rnfz-a*1 ammonium phosphate) treatments from 2007 to 2013. GLMRMANOVA regression
analysis and ANCOVA were used for analyzing the effects of different treatment factors and their interaction on
SD, FD, the patterns of temporal dynamics of SD and FD and their relationship over time.

Important findings SD and FD significantly increase with increasing clipping intensity. In contrast, fertilization
decreased SD and increased feebly FD. During the experiment period, SD declined with time while FD increased.
The SD-FD relationship was positively correlated in unclipped and moderate clipped plots, but was not correlated
in heavy clipped plots. The slope of SD(x)-FD(y) relationship declined with the increase in clipping intensity. In
contrast, fertilization did not change the shape and slope of the SD(x)-FD(y) relationship. The effects of the inter-
action of clipping and fertilization on SD and FD were not significant, and the slope changes along clipping
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gradients were identical in fertilized and unfertilized plots. These results suggest that clipping disturbance may

induce trait divergence rather than trait convergence in this meadow community, while the strong interspecific

competition resulted from fertilizing may not significantly intensify the trait divergence. These findings were in-

consistent with the predictions of plant community assembly theory. Compared with fertilizing disturbance, clip-
ping disturbance should play a more important role in shaping the SD-FD relationship.
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A2 it ALK 205 B o Rh AL 3R %, RIAS
XA NE(NC-NF) X F-ANJiti JE(MC-NF)
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Fig. 1 The design of treatments (left) and layout of subplot (right). I, II, IIL, IV, and V represent different blocks. F, fertilizing; NF,
no fertilizing. HC, heavy clipping; MC, moderate clipping; NC, no clipping.
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1F. Multivariate ANCOVA > M7 2 5: X E it AR i)
S HAEH X SDRFDIE AL (p > 0.05), e
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BN ATt AEAR B, A0 SR it A - ) 2
ATk T SD, AHSDTE 5 L R RN ) 4db B (7]
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2.2 SDFFDRYEFRT 1L

XF SDRFDRE A A A2 4K 14 77 22 53 B A el 3 43 B
R, 6FM A ERREK IRISDIE 47 (0] 22 7 2. 35 (p < 0.05
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AN T4 (20124 84201347 (K13)
2.3 XZIFNiEREXTSD-FDX R K F N

(A5 BT 7R, SD(x)-FD(y) R R AR I A 5L
XEIBER I TEAR S (p > 0.05) LA ATH R V% 1) 1F 25
PEAHIC(p < 0.05)PIFIIE(E4), HJG# RN
1 (Kl4A. 4B. 4C. 4D), Ut BE X EIFEIA 1SD
S FDM HAMASZAGA, SABHE 7% FDIR S A3 5 /N T
SD o X G AR BRI 7 220 Hr o, iR e ok 35 3
INSD-FDIE AR (p < 0.001), F51 kA X #)
7% SD-FD X R BRI S5/ N(p = 0.096); H1EE
A g 225 1 INSD-FD< & I FE(p < 0.001),
TG RAHERERE A SD-FD R Z R R 550k N p =

BT 2008-20134F ML XTI 5E e Ag ) 2 FFVESD)RI L RE L FEVE(FD)SEWI I B J5 22 3 #7
Table 1 Multivariate ANCOVA for the effects of clipping and fertilizing on the species diversity (SD) and functional diversity (D) in the alpine meadow

during 2008-2013

A5 5ok Source of variance” [ i B SD FD
Degree of freedom
(m, n)® F-test P F-test P

PpAght Covariable Daoyy 1,1 21.098 <0.001" 8.431 0.005"
F X Whole plot C 2,2 19.802 <0.001" 21.050 <0.001""

B 2,2 0.220 0.803 1.134 0.326
EIX Subplot F 1,1 6.856 0.0107 3.490 0.065"

CxF 2,2 0313 0.732 1.868 0.160

CxB 4,4 3.341 0.013" 2.479 0.049"

1) B, X41; C, XEl; F, Hife; Dages, 20074F-SimpsonZ FEVESREL; %, ZZHAEM . 2) m, WA ME; n, WZEAHE. * p<0.05;** p<0.01;1,0.05<p<

0.1,

1) B, block; C, clipping; F, fertilizing; Dgo7. Simpson index in 2007; X, interaction. 2) m, degree of freedom in treatment; n, degree of freedom in error. *, p <

0.05; **, p <0.01; 1,0.05<p<0.1.
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S
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N EI4EFE Clipping treatment

HEACALFE Fertilizing treatment

B2 NFECRRAC S P ZAETEM D REZREPE RS M - B EbrHEIR 22) . FD, ThREZAEYE; SD, MR Z 4L, F. HC. MC.
NC. NFZ3 IR E TR v BERE]  AXFRAS AL AL BE . bRy 22 b5 AR 7 BER R AR LW 22 5 AN 525 (p > 0.05),

ANl BEFR TR AL 38 B) 22 57 S22 (p < 0.05).

Fig. 2 Effects of clipping and fertilizing on the species diversity (SD) and functional diversity (#D) (mean + SE) in the alpine
meadow community. F, HC, MC, NC, and NF represent fertilizing, heavy clipping, moderate clipping, no clipping, and no fertilizing,
respectively. The same letter above standard error bars indicates no difference among treatments (p > 0.05), while different letters

indicate significant differences between treatments (p < 0.05).

R2 W2 AEE(SD) M I RE 2 AE L (FD)FE2008-2013 4 ) 22 7 L K 77
ZEOy T

Table 2 ANOVA for the differences of species diversity (SD) and func-
tional diversity (FD) during 2008-2013

ey SD FD  H1RE

Community" Degree of
Ny

NC-NF 10319 0.002° 11.652 0.001" (5,10)

NC-F 132360  <0.001"™ 1310 0.255

MC-NF 14392 00017 28214  <0.001"

MC-F 91.636 <0.001"  10.884  0.0017

HC-NF 13.920 <0.001" 40676  <0.001"

HC-F 55714  <0.001" 24987  <0.001"

1)F. HC. MC. NC. NFZp/l R, mREXIE] ., rhEEXE] . AN
RIAHACAEIT . 2) m, RFEEHE; n, IRZEHHE. *, p <0.05; **, p <
0.01.

1) F, HC, MC, NC, and NF represent fertilizing, heavy clipping, moderate
clipping, no clipping, and no fertilizing, respectively. 2) m, degree of free-
dom in treatment; n, degree of freedom in error. *, p <0.05; **, p <0.01.

0.091) (Kl4A-4D).
3 g

3.1 XJEFnEARE Eh 3 SDFANFD T E R HE R
A:uEA
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Supplement Qualitative functional traits and their categories for calculating functional diversity

LB PR K53 2OIRA Trait name and their classification states
Species name - — — —
ERISit] L eSS A S ) TSR RS Y iEie
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modes
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2 =M\ Bunched 2=ybER} Cyperaceaec Notperennial 2 =SSR Rosette  Sexual reproduction

3=EMNE 3=5%l Leguminosae 1 =FFE£ 3=H17 Erect 1 =5 7R %60

Closely bunched 4 =Z2KE Forbs Perennial Vegetative propagation
PeWRE Elymus nutans 2 1 1 3 0
SEFSE Stipa aliena 3 1 1 3 1
JR'E W Kobresia humilis 3 2 1 2 1
K& ALY Carex scabrirostris 2 2 1 2 1
£ Festuca ovina 3 1 1 3 1
LK Poa annua 2 1 0 3 0
B H Koeleria cristata 3 1 1 3 0
[l Morina chinensis 1 4 1 2 0
WKAEFL Gentiana straminea 1 4 1 1 0
EKWNRTEH Saussurea pulchra 1 4 1 1 0
FERIE Aster flaccidus 1 4 1 2 0
WHE Lancea tibetica 1 4 1 1 0
BRI T Saussurea nigrescens 1 4 1 2 0
L EFAS Thalictrum alpinum 1 4 1 2 0
TR Potentilla nivea 1 4 1 2 1
ZEFHM A Thalictrum rutifolium 1 4 1 3 0
w15 Tibetia himalaica 1 3 1 2 1
ZiWisk Potentilla chinensis 1 4 1 2 1
TEHR/NK S Euphrasia regelii 1 4 1 3 0
HETE Medicago archiducrisnicolai 1 3 1 2 1
WHWVE L, Stellaria uda 1 4 0 2 1
BZLIIEAE. Anemone obtusiloba 1 4 1 2 1
4EINMEFAE Comastoma polycladum 1 4 1 3 1
WAL Glaux maritima 1 4 1 3 1
ZRTZWK Potentilla bifurca 1 4 1 2 1
HE Artemisia selengensis 1 4 1 3 0
WA Taraxacum mongolicum 1 4 1 1 1
IR ADE Taraxacum maurocarpum 1 4 1 1 1
W Astragalus sp. 1 3 1 2 1
HlBS Oxytropis kansuensis 1 3 1 2 1
WAL S Oxytropis ochrocephala 1 3 1 2 1
TERLBE S, Oxytropis latibracteata 1 3 1 2 1
JEKYEEE Leontopodium nanum 2 4 1 1 1
EWTBE Ranunculus pulchellus 1 4 1 3 0
M E Ranunculus membranaceus 1 4 1 3 0
VAR Polygonum sibiricum 1 4 1 3 0
ZIKMFAE® Parnassia trinervis 1 4 1 3 0
M4 Ajania tenuifolia 1 4 1 3 0
FT=JEE Gentiana aristata 1 4 0 2 1
LM JENH Gentiana lawrencei 1 4 1 2 1
B JENR - Gentiana pudica 1 4 0 2 1
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M (&%) Supplement (continued)

LYEL BN PR KI5 JSRAS Trait name and their classification states
Species name EXSis] AR A i A 3 TR ESUS SIEWIEN
Growth form Plant groups Life cycle Plant inclination Main reproduction

modes

=K F} Gramineae  0=1FLIELE 1 =fREMIR Prostrate 0 =f5 P57

1 =f’E Scattered

2 =M\ Bunched izﬁﬁﬂ Cyperaceac  Not perennial 2 =J%H&IR Rosette  Sexual reproduction
3=EME 3=UF} Leguminosae 1 =% 3= Erect 1=HFR%MH
Closely bunched 4 =% Forbs Perennial Vegetative propagation

WESLEL ] Trichophorum distigmaticum 1 2 1 3 1
Hilt % 45# Pedicularis kansuensis 1 4 0 3 1
WY SEE Pedicularis lyrata 1 4 0 3 1
A EFEY Anaphalis lactea 2 4 0 2 1
BT Anaphalis hancockii 2 4 0 2 1
WA Gentianopsis paludosa 1 4 0 3 1
BRZFHE Polygonum viviparum 1 4 1 3 0
B Iris tectorum 1 4 1 3 0
VUYWL Hippophae tibetana 1 4 1 3 0
NWEF 5 Sliene gracilicaulis 1 4 1 2 1
TS Helictotrichon tibeticum 2 1 0 3 1
TWALEL Microula sikkimensis 2 4 0 3 0
HRAEIR Galium echinocarpum 1 4 0 2 1
KXY Ptilagrostis dichotoma 3 1 0 3 1
Wi 3EE Ligularia sagitta 1 4 1 3 0
WSS Ligularia virgaurea 1 4 1 3 0
WAL EY U Thermopsis lanceolata 1 4 1 3 0
Fh S Geranium pratense 2 4 1 3 0
MBS Bupleurum smithii 2 4 1 3 0
T JETG Notopterygium franchetii 1 4 1 3 0
7 Elsholtzia ciliata 1 4 0 3 0
W3R AE Delphinium caeruleum 1 4 1 3 0
REZ A Lonicera rupicola 2 4 1 3 0
KJULUELYN Veronica ciliata 1 4 1 3 0
2L Viola bulbosa 1 4 1 1 0
K% Deschampsia cespitosa 3 1 1 3 0
%885 Aconitum gymnandrum 1 4 0 3 0
/NI 4:8%HMF Potentilla parvifolia 1 4 0 3 0
Y9 FE Ranunculus brotherusii 1 4 1 3 0
VIS F 5% Swertia tetraptera 1 4 1 3 1
LACH Callianthemum pimpinelloides 1 4 1 3 0
ZERi Plantago asiatica 1 4 1 1 0
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