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species-poor community'*. Such compensatory effects have been

b 44,660 71 199 reported for both plant and animal communities' ', However,

> others have argued that plant diversity has no consistent effect, or > op N
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stability'***. Undoubtedly, ecosystem stability depends not only /
on community composition but also on disturbance, nutrient
supply and climatic conditions™*'*'17, and long-term studies

> AY —{ .
WethankT: Camphel, D, Cardace, . Colbrt, . Echiemac, of natural ecosystems are needed for better understanding of l}&t% /f |'l] . { Iﬁa: ,ﬁ}‘é E/\J N E %
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Gonal Here we present the results of a long-term (1980-2003) study of

progeam fo fonding, two natural steppe communities in the Inner Mongolia grassland.
The frst site A) is a rhizome-grass-dominated community, and the (=X = ~ i > o
second (site B) is a bunchgrass-dominated community (sce S Al R /I\ Y /\ /\ 1._.\ Z L7 tUlHe
‘‘‘‘‘‘‘‘ Methods). We classified species into the following five plant func-

ndence and requests for materals shoukd be addresed 0 K. "h?nal groups (t’:‘%s) Prima{ill)' o d;e basis o: }l;ée) forms: p;rle.f‘nigl
(Kole@bicogysed thizome grass (PR), perennial bunchgrasses (PB), perennial forbs N .
(PF),shrubs and semi-shrubs (S5), and annuals and biennials (AB). E]/J E * I;&/f EE L 6 ﬁf'f E/J E]‘J‘ | ETJ % }F[F IJJ If:ﬂ AN HE' K2
PEGsalso differ in plant stature, rooting depth, root-to-shoot ratio, > = ©
water use efficiency, nutrient use efficiency and C:N:P stoichi-
ometry"™*" (Supplementary Information). Our study addresses N
. the following three questions: first, what are the most important T k q& iF j;]‘ r==| W A = J? E/J % ;FJ ):H 7‘i At Iji] A —r|_—|‘
Ecosystem stability and climatic drivers for the aboveground biomass production of steppe ﬁ 1 e 2< HFHES + I o 2<
N commanities? Second, how does biomass production respond to
compensatory effects in ions at different levelsof organization (that i, at
N the species, plant functional group and community level)? And third, N TS
the Inner Mongolia grassland are there deecable compensatory efcts reducin the arisbily in VB T ESE 17 4 (1982—19984F ) FY & B 5L UG %K
biomass production and thus increasing ecosystem stability?
Yongfei Bai', Xingguo Han', Jianguo Wu'~, Zuozhong Chen' To address the first question, we used multiple regressions to
&Linghao LI examine how the aboveground community biomass (Beom) Was

Jated t I climatic variables: precipitati I, . > ) ™ - ) El/
Aty Qi g s o s e Sy St ot e PR, N s 1 A i A ol

hin
A‘ "‘ y of Sc S 95 V’Cm”"m, Science,Scoal of LifeSeiences,  (C)» that i, the accumulated excess when temperature exceeded

to the redumon of another in a fluctuating environment'”. But

o 53874501, LS 0°C (January-July and January-August), 5°C (annual) and 10°C
this view has been challenged on several grounds™ . Because
most studies have been based on artificially constructed grass-

e - 5 R R DA B 25 25 T ) — R T LR
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lands with short duration, long-term studies of natural ecosys-

tems are needed. On the basis of a 24-year study of the Inner

effects'; that is, a species increases in its abundance in response
e 0h

Mongolia grassland, here we present three key findings. First, ! recipiation fam) O~ Preciphation ;|; Py M. . o TR ~rra

that January-July precipitation is the primary climatic factor oo Q’E ?—j‘ lj] EI/‘J *H XTJ'% /:E,‘K:E , 'fﬂﬁ ‘7»@ gn 1:@ Q’f/h iu — ;FEE Jﬁ

biomass (g m?)

‘Aboveground community|

causing in biomass ion; second, a0 £
that ecosystem stability (convmely related to vamb:lny in K

iomass increases along = ol % N N 9

5 ] o — ” N e

the hierarchy of organizational levels (that is, from species to 5 200 S ,@ I EF ﬁ jJ = E(J [9] ;J‘ =] :J: -[;( %ﬁ 5[ W * $J j:‘/ 3
functional group to whole community); and finally, that the £& %+ H = By He EJE o IR H y A 7 ﬁ H I_ll F
community-level stability seems to arise from compensatory 8 03
interactions among major components at both species and §§* I
functional group levels. From a hierarchical perspective, our 55 g R T PRSI
results corroborate some previous findings of compensatory §‘= L § 1|50 \_;M ﬂ:j—ﬁ fm s VNG E‘ﬂﬂ 1 J:H %‘H IE ( 9 Wl J:H
effects 7, Undisturbed mature steppe ecosystems seem to 5 1950 1962 1904 199 988 1650 1902 190 199 958 2060 002 2000

culminate with high biodiversity, productivity and ecosystem

stability concurrently. Because these relationships are correla- Figure 1 Jenwary-uly

tional, further studies are necessary to verify the causation *n {El }F[J J:H ) XT%*':P ﬁé lﬂ; /EIE )‘ﬁ: jj *u%fg‘ lﬂ; ﬁig
among these factors. Our study provides new insights for better  steppe ecosystems of the Inner Mo s, g dta o 196002003 [Zgs] hoh A

management and restoration of the rapidly degrading Inner  Bafom parl B
Mongolia grassland. (=025, P= 001, wtratin site B (2= uom P=081; n=24). Error bars

The rol i i b ies®” hasbeen  represent s.em., and is the mean ¥
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ship of an ecosystem. In particular, because different species &
respond to environmental fluctuations differently, the reduction  wetyears prengitegie 001968 Frsite A Hck o) 1 = 045, P < 0001,
in biomass of a certain species is more likely to be recompensed by 1= 18; for st B open circs) 12 = 0.35, P < 0.01, n = 1
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Long-term Ecological Research and Demonstrations Support Protection and
Sustainable Management of Grassland Ecosystems

Bai Yongfei Wang Yang
( State Key Laboratory of Vegetation and Environmental Change, Institute of Botany, Chinese Academy of Sciences,
Beijing 100093, China )

Abstract The grassland ecosystems in China have experienced widespread deterioration in functioning and services during the last few
decades, caused primarily by overusing the production functions of grasslands at the cost of their ecological functions. Therefore, it is urgently
needed to develop a new paradigm for ecological restoration and sustainable grassland husbandry based on basic research and demonstrations
in grassland science. Since the establishment in 1979, the research at Inner Mongolia Grassland Ecosystem Research Station (IMGERS) of
Chinese Academy of Sciences focuses on long-term monitoring of key biotic and abiotic factors driving ecosystem processes in temperate
grasslands; researches on structure and functions of grasslands, biodiversity-ecosystem stability relationship, and responses and feedbacks of
grassland ecosystems to global climate changes; development of practical techniques for restoration of degraded grasslands, establishment
of cultivated pastures, and sustainable management of natural grasslands. The main findings include: (1) compensatory interactions among
major components at both species and functional group levels are important mechanisms contributing to ecosystem stability; (2) stoichiometric
homoeostasis at both species and community levels is an important process maintaining ecosystem stability, indicating that communities
dominated by homoeostatic species tend to have high productivity and high stability; (3) mixed management systems (grazing and haymaking
rotate annually) can mitigate grazing-induced biodiversity loss, promote the primary productivity and stability, and thereby provide an important
contribution to sustainable land-use of grasslands. Based on the findings from basic research and demonstrations, IMGERS developed a series
of effective techniques for forage species disposition and establishment of perennial mixed sowing pastures, which increased productivity
and stability, extended productive life, and improved forage quality of the cultivated pastures. IMGERS also proposed a new paradigm
for optimizing production functions and ecological functions in grassland ecosystems. The new paradigm include two main principles: (1)
optimizing the production functions through establishment of productive cultivated pastures and prime pastures; (2) improving ecological
functions through restoration of degraded grasslands and sustainable utilization of natural grasslands. These research activities support IMGERS
as a frontier in grassland research, a base for translating scientific knowledge of basic research into practice of grassland management, and a
platform for international collaborations.

Keywords compensatory interactions, stoichiometric homoeostasis, cultivated pastures, forage species disposition, grassland management
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