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The relationship between species diversity and ecosystem multifunctionality in

alpine grasslands on the Tibetan Changtang Plateau
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Abstract: The classic species diversity-ecosystem function relationship studies attached more importance on single function
and its correlation with diversity despite the fact that most ecosystems are managed or valued for their ability to maintain
multiple goods and services simultaneously, so called multifunctionality. Therefore, multifunctionality is an important
perspective for biodiversity-function research in point of view of comprehensive function analysis. We conducted an
ecosystem multifunctionality vs. biodiversity study on the Tibetan Changtang Plateau, in terms of seven indicators of
ecosystem functioning related to plant growth (aboveground biomass, belowground biomass), nutrient cycling ( soil total
nitrogen content, soil NO; and NH; content, soil phosphorus content), and soil carbon storage ( soil organic carbon
density). Z scores ( standardized deviates) of the seven indicators were assessed to represent multifunctionality. The

multifunctionality index (M) was calculated as the average Z-score for all indicators measured in each site. Linear
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regression was used to analyze the relationship between multifunctionality and species diversity indices ( Species richness,
Shannon — wiener index, Simpson dominance index, Pielou evenness index ). We also tested whether ecosystem
multifunctionality and species diversity were associated with climatic factors ( mean annual temperature and mean annual
precipitation) by using linear regression. It was indicated that ecosystem multifunctionality indices were correlated most
significantly with species richness, notable positive with Shannon—wiener and Simpson index, but not with Pielou evenness
index. Separate analyses of functions related to the plant growth, soil carbon storage and nutrient cycling also yield
significantly positive relationships with species richness. Precipitation plays a positive role in affecting species diversity and
ecosystem multifunctionality indices, as the species diversity and multiple functions increase linearly with mean annual
precipitation. The present study highlights the importance of species richness in maintaining multiple ecosystem functions,
goods and services in Changtang Plateau. Because each species contribute to different functions, studies with focus on single
function (i.e. net production) might underestimate levels of species richness required to maintain multiple ecosystem goods
and services. The alpine grassland ecosystem is vulnerable to climate change and human induced biodiversity loss. It is
therefore implied that species loss may cause severe consequence for ecosystem functioning, which would threaten ecosystem
health and human well-being in this region. We suggest that the species richness of native species must be maintained and

sustained in order to meet the goal of degraded grassland restoration and sustainable management on the Changtang Plateau.
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Fig.1 Relationship between species diversity and ecosystem multifunctionality in alpine grasslands
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Table 1 General information of sampling sites of alpine grasslands on the Tibetan Changtang Plateau

EiRE 2E/(°) LR/ (°) (527 AEREFT R /m AEME/mm BHIEEL/C EELHEGFH
Site number Longitude Latitude Elevation MAP MAT Grassland type  Dominant species
1 81.8289 32.0757 4612 106.3 2.5 [SELSIRUNCN SRR S R a2
2 82.5100 32.3809 4476 128.1 1.6 IR PR DA
3 84.0534 32.2594 4480 193.4 1.0 EEISTRUEC N Pi 1= N V(D E5)
4 85.0797 31.9760 4590 242.8 0.4 B FER R e YIRIE T
5 85.8395 31.9244 4949 272.3 -0.6 SRS EVIXIE NS A=Y
6 86.2972 31.7523 4654 291.8 -0.4 e FEHL SALE ST RS
7 86.6533 32.3373 4543 299.27 -1.9 [SESSN LA TR
8 87.7116 33.2456 4921 321.5 -4.6 [E 29 e YIRS T
9 88.2949 33.2067 4992 341.3 -4.7 e FE B EVIZIE
10 89.7548 31.5222 4586 405.7 -0.4 [HEE ) B B
11 90.0313 31.2949 4680 417.4 -0.3 [HEE AL
12 90.2442 31.3910 4650 429.5 0.2 T FERL A B
I SAHT £
13 90.4596 31.3641 4606 442.9 0.3 SESIN ; L
14 91.2949 32.1026 4620 489.0 -1.5 fR S ] ;ﬁiﬁ; A
1R FE B % B2
15 91.4339 32.1661 4617 494.5 -15 " ‘;,5 ft ;Effiiﬁﬁ
16 91.4884 31.5950 4571 514.6 -0.4 HFERLf e LU B R
17 91.5444 32.1817 4730 500.8 -1.5 HFEEf e R LB
18 91.7245 31.6196 4600 529.7 -0.4 o JE ) L A K G
19 91.9732 31.3843 4583 555.1 0.4 HFERf [T vid a2
20 92.0136 31.64343 4592 552.9 -0.3 o JE ) Ll A R
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Table 2 Descriptive statistics of parameters investigated in sampling sites on the Changtang Plateau

B A SR bR HARE  KSkm P CFHE bR I/ME RME
Investigated parameters N P value Mean SE Min Max
W Z R Richness 20 0.18 12.70 1.60 4.00 29.00
Biodiversity Shannon-Wiener 5 %{ 20 0.90 1.45 0.12 0.39 2.23
Pielou 54 20 0.37 0.61 0.03 0.13 0.80
Simpson F5 %X 20 0.51 0.72 0.14 0.23 0.90
EBRGESH TIEAPURE T/ (Me/ha) 20 0.50 31.76 4.38 12.86 86.17
Ecosystem parameters 32 &/ (g/kg) 20 0.50 1.31 0.16 0.56 3.46
FTIHEL SR/ (/ke) 20 0.05 0.17 0.03 0.10 0.57
i EAEYR/ (g/m?) 20 0.44 57.78 6.52 14.42 105.20
WFEYR/ (g/m?) 20 0.47 605.27 81.20 255.93 1707.09
TIEMER SR/ (mg/kg) 20 0.23 14.86 0.74 8.57 18.63
AR A TR/ (mg/ke) 20 0.50 6.32 0.35 2.85 8.16

1.4 Bl
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R UM EE MR T2 5% M E ARG L IR 5 24k (£ 2,8 1a), Shannon-wiener Z2FEHE
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Table 3 The F values and statistic test of linear regression between biodiversity and ecosystem multifunctionality

HEBRGEZ IR YR EE YR ZEEE Species diversity

Ecosystem multifuntionality indices Species richness Shannon F5 %% Simpson 84X Pielou $5%k
Z54F84R Multifunctionality 22.33%** 7.078* 5.94* 1.81
YA K Plant growth 8.709 ** 5.713" 5.071" 3.535
FEEFR Nutrient cycling 12.282** 3.852 2.587 0.174
A% Soil carbon stock 37.223*** 5.452* 6.427" 1.718

# P<0.05, ** P<0.01, ==x P<0.001
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Fig.2 Relationship between species diversity and different ecosystem functions in the alpine grasslands
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Fig.3 Relationship between ecosystem multifunctionality and mean annual precipitation in the alpine grasslands
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