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CHANGES IN PLANT SPECIES DIVERSITY AND PRODUCTIVITY ALONG
AN ELEVATION GRADIENT IN AN ALPINE MEADOW

WANG Chang-Ting WANG Qi-Ji® LONG Rui-Jun JING Zeng-Chun and SHI Hui-Lan
Northwest Plateaw Institute of Biology — Chinese Academy of Sciences  Xining 810001 China

Abstract Understanding the relationship between biodiversity and ecosystem function is central to the Global
Change and Terrestrial Ecosystem GCTE project as well as to ecosystem ecology in general . Productivity and
nutrient maintenance both critical ecosystem functions can be measured in relation to species diversity to test
how ecosystem functions are affected by species diversity. We studied changes in species diversity and produc-
tivity along elevational gradients in alpine meadow grasslands to assess the influence of changing species diver-
sity on productivity .

The results show a significant unimodal pattern of species diversity across the elevation gradient with
species diversity highest at mid-elevations. Maximum species diversity occurred at intermediate levels of pro-
ductivity and species richness. Above-ground biomass decreased with increasing elevation and below-ground
biomass was greatest at low and high elevations and lowest at mid-elevations. Below-ground biomass varied
during the growing season and vertically within the soil profile maximum underground biomass occurred at the
beginning and end of plant growing and was distributed primarily in the top 0 — 10 cm of soil.
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Fig.1 Seasonal dynamics of the above-ground biomass of different

altitude gradient in alpine meadow
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Fig.2 Seasonal dynamics of the below-ground biomass of different

altitude gradient in alpine meadow
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Table 1  Vertical distribution of below-ground biomass in six elevation gradient

Elevation om 3 6 ! 8 ? *
sradient Soil depth May June July August September Mean + SD

1 0~10 6324.44 6 835.56 5348.89 6 147.56 8394.22 6610.13+1 131.38
10~ 20 5164.89 2 662.67 3969.33 3784.89 2 508.44 3618.04+1082.58
20 ~ 30 4 538.67 1915.11 2 334.67 2 303.56 1759.56 2570.31+1 127.80

2 0~10 2952.00 2 159.56 2211.56 2622.22 2 845.33 2 558.13 +360.80
10~20 174.67 237.78 214.22 365.33 358.67 270.13 £ 86.87
20 ~30 42.22 39.11 76.88 110.67 225.00 98.78 +76.34

3 0~10 3417.32 1 618.65 2 365.34 2 341.76 3 446.21 2 637.86 +784.49
10~20 143.12 154.21 156.00 210.65 337.30 200.26 + 80.98
20 ~ 30 76.87 69.78 117.35 121.75 229.76 123.10 + 64.01

4 0~10 3267.10 1919.13 2208.00 2 896.86 2 896.87 2 637.59 +554.87
10~20 226.21 164.86 261.34 366.67 469.78 297.77 £ 120.88
20~ 30 116.88 38.23 77.32 91.10 99.56 84.620 +29.63

5 0~10 3106.22 1 416.00 2 050.65 1 982.67 3 896.00 2490.31+995.04
10~20 149.76 136.87 195.10 304.86 472.00 251.72+£139.77
20~ 30 69.32 22.67 77.30 78.20 187.12 86.92 +60.51

6 0~10 3974.65 3316.45 3673.32 4260.00 4625.31 3969.95+507.12
10 ~20
20 ~ 30

10 em There are short of some data which cannot gain from under 10 ¢m rock layer SD  Standard deviation
2

Table 2 Number of species above-ground biomass below-ground biomass and species diversity indices of 6 elevation gradient communities in alpine meadow

Shannon-Wiener

Elevation . Number of Above-ground Below-ground ) P.ielou )
. Community . . _2 . s Shannon-Wiener Pielou index
gradient ’ species biomass g m biomass g m .
index
1 L 35 371.60 12 236.00 3.20 0.90
Kobresia tibetica swamp meadow
2 . . . 37 335.08 3098.67 3.36 0.93
Stipa aliena community
3 . 41 288.12 2 674.66 3.52 0.95
Kobresia pygmaea meadow
4 . 39 220.60 3354.66 3.37 0.93
Kobresia pygmaea meadow
5 . 40 173.16 2 364.89 3.26 0.91
Kobresia pygmaea meadow
6 Festuca capillifolia meadow % 132.00 4260.00 2.7 0.86
2.3.2
2 37 ~41
R 0.970 6 0.950 9
0.908 6 0.5 X* 6.113 6.311
6.709 X50s=11.07 df =5
6
3856~4232m
37
40 3 Gentry 1988

3856 m 4232 m 1994 — "
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Fig.4 Relationship between above-ground biomass and diversity evenness number of species of alpine meadow
a y=-0.0007x*+0.398 7x - 11.132 R*=0.7838 b y= -3E-05x>+0.018 7x -0.986 4 R*=0.9112 ¢ y= —4E -06a> +
0.0023x-0.628 R*=0.969 7

3 Gentry 1988 1994 —
6 "
6
R
0.9706 0.9509  0.908 6 0.5 x?
6.113 6.311  6.709 X305 =11.07

df =5 Kassen 2000



245

Tilman 2001 7

2000

Bai, Y.F. ( ), L.H.Li( ),Q.B. Wang( ). L.
X. Zhang( ), Y. Zhang ( ) & Z.7. Chen( ).
2000. Changes in plant species diversity and productivity along
gradients of precipitation and elevation in the Xilin River Basin,

Inner Mongolia. Acta Phytoecologica Sinica ( ),
24:668 ~ 673. (in Chinese with English abstract)

Du,G.Z.( ),G.L.Qin( ),72.7.1i( ),Z.H.
Liu( ) & G.S. Dong ( ) . 2003. Relationship be-

tween species richness and productivity in an alpine meadow plant
community. Acta Phytoecologica Sinica ( ),27:
125 ~132. (in Chinese with English abstract)

Gentry, A. H. 1988. Changes in plant community diversity and
floristic composition on environmental and geographical gradient.
Annuals of the Missouri Botanical Garden, 75:1 ~ 34.

Kassen,R., B. Angus, B. Graham & B. R. Paul. 2000. Diversity
peaks at intermediate productivity in a laboratory microcosm. Na-
ture, 406:508 ~ 511.

Ma,K.P. ( ) & Y.M. Liu(
biotic community diversity. I . o diversity (Part 2) . Chinese

Biodiversity ( ), 2:231 ~ 239. (in Chinese with

).1994 . Measurement of

English abstract)

Naeem, S., L. J. Tompson, S. P. Lawler, J. H. Lawton & R. M.
Woodfin. 1994. Declining biodiversity can alter the performance
of ecosystem. Nature, 368:734 ~ 737.

Tilman, D. , J. Knops. , D. Wedin. , P. Reich, M. Ritchie & E. Sie-
mann. 1997. The influence of functional diversity and composition
on ecosystem processes. Science ,277:1300 ~ 1302.

Tilman,D., D.Wedin & J. Knops.1996. Productivity and sustain-
ability influenced by biodiversity in grassland ecosystem. Nature,
379:718 ~ 720.

Tilman, D., P. B. Reich, J. Knops, D. Wedin, T. Mielke & C.
Lehman. 2001. Diversity and productivity in a long-term grass-
land experiment. Science, 294:843 ~ 845.

Wang, Q.]J. ( ), X.M. Zhou( ) & W.Y. Wang(

).1999. A preliminary study of species diversity of main plant
communities in alpine meadow. Acta Biologica Plateau Sinica(

),14:77 ~ 87. (in Chinese with English ab-
stract)

Wang, Q.]J. ( ), W.Y.Wang( ) & Z.F.Deng(

) .1998.The dynamics of biomass and the allocation of energy
in alpine Kobresia meadow communities, Haibei region of Qinghai
Province. Acta Phytoecologica Sinica ( ),22:222
~230. (in Chinese with English abstract)

Wang, Q.]J. ( ), X.M. Zhou(

) & Z.X. Shen (
biomass dynamics of the Kobresia pygmaea steppe meadow. Acta

), 19:225 ~ 235, (in

), Y. Q. Zhang(

). 1995. Community structure and

Phytoecologica Sinica (
Chinese with English abstract)

Waide, R. B., M. R. Willig, C. F. Steiner, G. Mittelbach, L.
Gough,S.I. Dodson,G.P. Juday & R. Parmenter. 1999. The
relationship between productivity and species richness. Annual
Review of Ecology and Systematics, 30:257 ~ 300.

Xie,J. Y. ( ) & L.Z. Chen( ) . 1994 . Characteristics
of species diversity in subtropical deciduous broad-leaf forest.
Acta Ecologica Sinica( ),14: 337 ~ 344. (in Chinese
with English abstract)

Yang, L. M. ( ), G.S. Zhou( ) & J.D.Li( ).
2002. Relationship between productivity and plant species diversi-
ty of grassland communities in Songnen Plain of Northeast China.
Acta Phytoecologica Sinica ( ), 26:589 ~ 593.
(in Chinese with English abstract)

Zhu,Z.H. ( ) & G. Wang( ) .1996. An approach to an-
alyzing nature of community structure: with examples of alpine
meadow and alpine bushland. Acta Phytoecologica Sinica (

), 20:184 ~192. (in Chinese with English abstract)

Zhang,Q.G. ( ) & D.Y.Zhang( ) .2002. Biodiversi-
ty and ecosystem functioning: recent advances and controversies.
Biodiversity Science ( ),10:49 ~ 60. (in Chinese

with English abstract)



	F1: 


