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Relationship between plant species, life form, functional group diversity, and

biomass under grazing disturbance for four years on an alpine meadow
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Abstract; This study was performed to gain an understanding of the time cumulative effects of grazing intensity on the
diversity of species, life forms, functional groups, and biomass and their relationships on an alpine meadow. From 2012 to
2015, we conducted a controlled grazing trial with six grazing intensities on an alpine meadow located in the northeastern

Qinghai-Tibet Plateau. We investigated the diversity and life form of species, functional group diversity ( richness,
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evenness, and dominance were used as diversity indices), and aboveground biomass in four years. We used repeated
measures and linear regression methods to analyze the effect of grazing intensities and grazing years on plant species
diversity, life forms, and functional groups, as well as on the relationship between the diversities and biomass. The
following results were obtained. (1) Grazing intensity and grazing year had significant effects on biomass, with the biomass
significantly decreasing with an increase in grazing intensity. There was irregularity in biomass changes in different grazing
intensity plots with progression of the grazing year. (2) There were significant effects of grazing year on abundance,
evenness, and dominance in term of the plant species, life forms, and functional groups. However, the grazing intensity and
grazing year had an interactive influence on the richness of plant species, and grazing intensity had a time cumulative effect
on the richness of plant species. (3) In the plant diversities with different organizational levels under grazing disturbance,
only the richness of plant species was significantly correlated with all diversity indices. The richness of plant species can be
used as a representative index for measuring plant species diversity. (4) In the study of the relationship between diversity
and biomass, the richness of plant species in the lighter grazing intensity plot ( Plot 2) was significantly decreased with
increasing biomass, whereas the richness of plant species, life forms, and functional groups showed no relationship with
biomass in other grazing intensity plots. The evenness of life forms in the high intensity grazing plots ( Plots 4, 5, and 6)
significantly decreased with an increase in biomass. The dominance of life forms in the high intensity grazing plots ( Plots 4,
5, and 6) significantly increased with an increase in biomass. In conclusion, the diversity of life forms can be used as an
effective index for rapidly predicting plant biomass under grazing disturbance because this diversity is the most sensitive to

biomass variation.
Key Words: alpine meadow; controlled grazing; species diversity; functional diversity; biomass
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Table 1 Table 1 Information of studying plots

Fe Y b o /% Rk R HOHCBR I/ (F AL i
Plots Areas Species richness Cover Livestock number Grazing intensity

1 2.18 8.00+1.63b 88.50+3.42a 6 2.75

2 1.10 8.25+2.22b 91.00+6.22a 4 3.63

3 1.61 13.40+2.07a 89.20+6.30a 7 4.36

4 1.26 10.00+2.23b 89.20+4.44a 6 4.78

5 2.50 10.40£1.67b 91.20+1.48a 13 5.19

6 1.11 11.00+1.00b 90.57+3.67a 8 7.20

AN [l /NG T BER R AN [ o B 2% 0T A 22 5 1. 35 (P<0.05)

1.3 SCHUBOR:
1.3.1  HUHERLI)

2012—2015 4F B4F 8 J 15 S A4 HATREHIAR Y RE TR TR A o SR JH R G BEAILIURE I | 4 1> A b A0 D)
A3 R 9 AKX, FEREAS/INX P BEHL R B — AT, BRURE B kR R Y5 1 2%, B A AT BURE 9 IR, 4
SRR ARE T 216 1>, 7E 2012 AF 5 R EURE Jo R BURE S 1A o 22 0 A7 11 2 BURE a5 1 A BURE |
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1 - —

S
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S N EEAE DT BB AR AR BRSNS REREMISE sV O S AT Rl AR BT BE R (19 AR XF
HEAEZ AN S o YR A 16 BYFN S RERE A0 AR T A8, NV, O ARG B S KB R b 2R 15 B R
RERE
1.4 Bt

X OO BEAE F R AR 6 BRI REREZ REPE (R 5 X ST EERIL S ) At A7 1 R BUE TR Y
BTy 250 M (LSD dEEA T BB SS) , FEXT AR R i T ERIE AL 50, H Greenhouse-Geisser %1 H H BE 1T
KIE . FH Pearson AHIGHESI M XS 25 ZFEPEFR BN AR B OC R AT 704 o SR HGAE [N A3 B b 2B 0 AR
IIREREZFEIE (R R 5 B AR3E) SR ZRINOCR  BOE P AN 0.05, JHRE R R, iR A1)
XF £ ZAEHE I TTIR AN A GEi o3 B 448 ] SPSS 19.0 k4T,

2 HREHS

2.1 Hb EAEYEEBICTI T AR R

He e B TICRCR FE RSOy 34 % A 2578 Ak, 2012 4F (1 A W 7 S () 00RO JBE X i 5 28 Ak, i
2013—2015 4F A= 4y i Bl BCHOR B A 3G 5 3 90 s 10 S R IR A AR A R 3, TS [R) 300 B X, A o B A
ARy RV REAR AL R AN — 35, 0 2013—2015 4FAS [A] U0 B DXAE e 40 BRI R AT 2012 4R (% 2)
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Table 2 The variation of aboveground biomass under the grazing intensity with different grazing time
R H 1A= Aboveground biomass /(g/m?)
Plots 2012 2013 2014 2015

1

2
3
4
5
6

310.40+76.97a(a)
321.00+17.40a(a)
293.60+31.70a(a)
260.00+44.18a(a)
310.40+76.97a(a)
298.50+55.71a(a)

290.58+65.85a( ab)
321.20+80.36a(a)
126.80+29.84b(d)
111.87+25.22h(c)
101.6026.58hc ()
53.60+19.65¢(b)

312.66+53.28a(a)
315.39+62.99a(a)
232.60+36.29b(b)
210.01=7.87b(b)
203.64+44.34b(b)
141.75+10.13¢(b)

241.89+64.31a(b)
210.31+31.39ab(b)
168.08+18.41be( )
126.34+37.16¢d( c)
121.53+46.48¢d ()
89.43+20.20d(b)

5 AR LU A5 e Lo, B3RP P<0.05
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Fig.1 Variation of richness, evenness, Berger-parker under the grazing intensity with different grazing year
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Table 3 The correlation of diversity indexes

Y Species HJERY Life form YJRERE Functional group

TP 2K ZFEE : - -
Plant level Diversity FEE  ByE FE FEE  ByE fiHE FEE  ByE RE
Richness  Evenness  Berger-parker Richness  Evenness  Berger-parker Richness  Evenness  Berger-parker
Wk FHEE 1
Species Exipen)i oy -0.452"" 1
)3 -0.435*"  -0.343** 1
el F B 0.535** -0.435*"  -0.153 1
Life form Saipen)iy 0.190*  -0.056 -0.094 0.199* 1
e -0.358*"  0.172* 0.112 -0.271** -0.818** 1
It F B 0.449** -0.312**  -0.290"* 0.352**  0.160*  -0.220*" 1
Functional o)y -0.252**  0.007 0.158" 0.057 -0.199 " 0.143 0.153* 1
group s 0.383** -0.135 -0.146 0.072 0.427**  -0.425**  -0.007 -0.786 " 1

* P<0.05; * * P<0.01.
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Fig.2 Relationship between richness and biomass in different plots
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Fig.3 Relationship between evenness and biomass in different plots
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Fig.4 Relationship between Berger-parker index and biomass in different plots
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