
Introduction

The hypothesis that greater diversity leads to greater sta-

bility of species communities has been the matter of interest

and debate for many decades (Tilman 1996, Pfisterer and

Schmid 2002, Tilman et al. 2006, Ives and Carpenter 2007).

With increasing diversity, greater stability has been corre-

lated with an increased probability of species (or functional

groups) that can adequately compensate for species harmed

by disturbance (Tilman and Downing 1994, Tilman 1996,

Naeem and Li 1997). In this view, a higher degree of com-

pensation means greater instability of community composi-

tion (Tilman et al. 2006).

In previous studies, relationships between diversity and

compositional stability exhibited different patterns. Frank

and McNaughton (1991) reported a positive relationship be-

tween diversity and compositional stability in grassland com-

munities of Yellowstone National Park, USA. In contrast,

other theoretical and field studies reported negative relation-

ships between diversity and compositional stability (Mellin-

ger and McNaughton 1975, McNaughton 1977, Tilman

1996, Sankaran and McNaughton 1999, Lehman and Tilman

2000, Foster et al. 2002). Explanations for these negative re-

lationships were controversial, however. Some studies attrib-

uted the negative relationship to the impact of species rich-

ness, i.e., compensatory responses among species in

response to disturbance could lead to a negative relationship

(Tilman 1996, Lehman and Tilman 2000). Other studies at-

tributed the negative relationship to the impact of species

identity (particular species) (McNaughton 1977, Sankaran

and McNaughton 1999, Foster et al. 2002). Whether species

richness or species identity controls the relationship between

diversity and compositional stability remained an open ques-

tion. Furthermore, King and Pimm (1983) hypothesized that

evenness of communities could have an impact on the rela-

tionship between diversity and compositional stability. This

hypothesis has not been tested so far.

The relationship between diversity and compositional

stability of plant communities has been studied with respect

to many types of disturbance. Stress factors included burning

(Sankaran and McNaughton 1999), grazing (Sankaran and

McNaughton 1999), disruption of soil (Foster et al. 2002),

and drought stress (Frank and McNaughton 1991, Rodríguez

and Gómez-Sal 1994). The relationships between diversity

and compositional stability were investigated at a single time

point in these studies. However, Ives and Carpenter (2007)

proposed that the consequence of diversity on compositional

stability of communities could be more dynamically under-

stood in the context of environmental changes. Drought

strongly reduces biomass production of many plant commu-

nities (Herbel et al. 1972, Noy-Meir 1973, Tilman and

Downing 1994, Briggs and Knapp 1995) and this often leads

to significant changes in species composition (Torssell 1976,

Tilman and El Haddi 1992, Fotelli et al. 2001). Global cli-

mate change is predicted to increase the frequency and inten-

sity of high temperatures and drought in many regions (Eas-

terling et al. 2000, Hoerling and Kumar 2003). Therefore,

exploring relationships between diversity and compositional

stability in the context of increasing drought has an important

impact on ecosystem management and biodiversity conser-

vation.
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In the present study, we established experimental grass-

land plots with different degrees of diversity and exposed

half of each plot to a drought stress. The resistance of a given

grassland community to change the relative abundance of

species in response to drought disturbance (Sankaran and

McNaughton 1999, Foster et al. 2002) was used as a measure

to estimate the compositional stability of the community. Un-

like previous experiments, we examined relationships be-

tween diversity and compositional stability at different time

points. The objective of the study was to examine whether

relationships between diversity and compositional stability

are constant or exhibit different patterns depending on the

duration of drought disturbance. We also explored the impact

of species richness and species identity on these relation-

ships.

Materials and methods

Study site

The experimental site (23°33’17.69N, 111°48’05.70E)

was established near Heishiding Nature Reserve, Guangdong

Province, China. Site characteristics have been reported in

Yu et al. (2000). To prepare the planting area, an arable field

was completely burned in December 2003. An upper 10–15

cm of soil was removed to avoid germination of seeds from

the burned field site (elimination of the seed bank). Seeds

were planted on the resulting homogeneous substrate. The

area was fenced to exclude mammalian herbivores.

Experimental design

357 Plots, each 4 m × 2 m, with 1-m walkways, were ran-

domly assigned and planted with 1, 2, 4, 6, 8, 10, 15, 20, 25,

30, 35 or 40 plant species in April 2004. Seeds from all spe-

cies used in the experiment were collected in the Heishiding

Nature Reserve. Unwanted species were not removed during

this establishment phase. Such a treatment could have dis-

turbing effects on plant communities (Huston et al. 2000).

Thus, some plots lost some species, while others were occa-

sionally invaded by other species (Table 1).

Detailed methods and description of the experimental

drought treatment have been reported in Wang et al. (2007).

Briefly, in June 25, 2005, after an establishment phase of one

year, each of the 357 plots was divided equally into two 2 m

× 2 m subplots. One plot was left under unperturbed condi-

tions (control subplot without drought stress treatment). The

other subplot was exposed to an experimental drought stress

treatment (drought subplot). Aboveground biomass of sub-

plots was harvested at three time points: two months (August

25, 2005), four months (October 25, 2005) and one year

(June 25, 2006) after the initiation of the drought stress treat-

ment (hereafter referred to as ‘T��� ������’, ‘T���	 ������’ and

‘T��
 �
�	’). Aboveground vegetation in each subplot was

sampled by clipping a 30 cm × 200 cm strip at the soil sur-

face. All aboveground plant biomass (living vascular plants)

was sorted to species, dried and then separately weighed. A

different portion of each subplot was sampled at the three

times of harvest.

Diversity index

The Shannon diversity index (H) has been used in many

previous field studies to explore relationships between diver-

sity and compositional stability of grassland communities

(Foster et al. 2002). H was calculated as follows (Shannon

1948):
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where p� represents the proportional contribution of species

to community biomass, and S (species richness) is the

number of the species that appeared in the control subplot.

The H values of control subplots were determined at various

time points (two months, four months and one year) after in-

itiation of the drought stress treatment (hereafter referred to

as ‘H��� ������’, ‘H���	 ������’ and ‘H��
 �
�	’) to reflect the

gradient of diversity in plots under control conditions.

Evenness (E) was calculated according to the formula

proposed by Pielou (1975):

E = H/ln S (2)

Compositional stability

The similarity index (SI) modified from the dissimilarity

index (Bray and Curtis 1957), was calculated using data from

each subplot pair (of a given plot) in order to reflect the re-

sistance to changes in community structure:

(3)

where x
�

and x
��

are the relative abundances of species i in

control subplots, and subplots exposed to drought stress, re-

spectively. m is the total number of species of a given plot

(species observed in control and drought subplots). It is as-

sumed that SI is an appropriate measure for compositional

stability of a grassland community. If SI is zero, no species

are identical, indicating maximal changes in relative abun-

dances of species in response to the drought stress treatment

(low degree of resistance); if SI is one, all species are identi-

cal in both subplots and appear with same relative abun-

dances, i.e., there are no changes in relative abundances of

species in response to drought disturbance (high degree of

resistance).

Data analysis

To examine the relationship between diversity and com-

positional stability, we used simple regressions to analyze the

dependence of the similarity index (SI) from the Shannon in-

dex (H). Simple regression analysis was also used to estimate

the dependence of SI from species richness (S) and evenness

(E), respectively.

The relative growth rate (RGR) of species (Connolly and

Wayne 2005), which is a measure for the proportional rate of

growth of a given species, reflects changes in biomass pro-

duction of a given species during an experimental period. We

used RGR to express the changes in biomass production of

dominant species in response to drought disturbance (the

dominant species of a plot was defined as the species that

showed highest accumulation of biomass in the control sub-

plot):

RGR = ln (B	����� / B����	��) / t

where B	����� is the biomass of the dominant species in

drought subplots, B����	�� is the biomass of the dominant spe-

cies in control subplots, t (unit: month) is the duration of the

experiment and ln is the natural logarithm. Dominant species

in control subplots were identified at T��� ������, T���	 ������

and T��
 �
�	, and their corresponding RGR calculated (here-

after referred to as ‘RGR��� ������’, ‘RGR���	 ������’ and

‘RGR��
 �
�	’). Linear and non-linear regressions were used

to analyze the relationship between SI and RGR of dominant

species.

After the one-year establishment phase, four species

(Triumfetta bartramia, Gahnia tristis, Ageratum houstoni-

anum and Hemistepta lyrata) were highly competitive. Most

plots were also dominated by these four species two months

after initiation of the experiment (at T��� ������). These plots

were classified according to their dominant species into the

following four categories: Triumfetta bartramia plots,

Gahnia tristis plots, Ageratum houstonianum plots and Hem-

istepta lyrata plots. The differences of SI among the four

types of plots were tested by one-way ANOVA (LSD test) at

P < 0.05 level for each experimental phase in order to reflect

the effect of species identity (particular species) on composi-

tional stability.

Correlations were conducted using the Pearson correla-

tion analysis. Differences of evenness in control subplots be-

tween the three experimental phases were analyzed by using

paired-t tests. All statistical analyses were performed with

the SPSS 10.0 program for Windows.

Results

The relationships between diversity and compositional

stability were compared after different periods of drought

stress. Using simple regression analysis, we explored rela-

tionships between the similarity index of a subplot pair (SI, a

measure for compositional stability of a community) and the

Shannon index (H) from the control subplot. Data were col-

lected for each experimental phase. On 25 August 2005, two

months after initiation of the drought stress, SI��� ������ was

negatively correlated with H��� ������, i.e., the Shannon in-

dex in the 2 m
�

area of the control subplot (Fig. 1A). On 25

October 2005, i.e., when drought stress continued for four

months, SI���	 ������ decreased significantly with increasing

H��������� and H���	 ������, respectively (Fig. 1B and C). Af-

ter one year of drought stress, there was no relationship be-

tween SI��
 �
�	 and H��� ������ (Fig. 1D), but SI��
 �
�	 was

weakly positively correlated with H���	 ������ and signifi-

cantly negatively correlated with H��
 �
�	 (Fig. 1E and F).

These different patterns indicate that the relationships be-

tween diversity and compositional stability were not con-

stant, but varied depending on the degree of diversity in con-

trol subplots and the duration of drought disturbance.

As commonly defined, H depends on species richness

(SR, the number of plant species in a community) and on spe-

cies evenness (E, a measure of how abundances are distrib-

uted among species) (Peet 1974), which was determined for

control subplots in this study. We separated the two factors

and analyzed their individual effects on compositional stabil-

ity. There were significant negative effects of E��� ������ on

SI x xi i

i

m

= − −
=
∑1

1

2
1
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SI��� ������ (r = -0.342, n = 357, P < 0.001). E��� ������ and

E���	 ������ both negatively correlated with SI���	 ������ (r =

-0.241 and r = -0.250, respectively; n = 357, P < 0.001 for

both). These relationships are similar to those between H and

SI. However, a negative effect of E (E��� ������, E ���	 ������

and E��
 �
�	) on SI��
 �
�	 was not seen (P > 0.05 for all).

SR��� ������ also had no significant effects on SI at all three

experimental phases (P > 0.05 for all). Furthermore, no sig-

nificant effects of SR���	 ������ on SI���	 ������ and SI��
 �
�	

were found (P > 0.05 for both). However, SI��
 �
�	 nega-

tively depended on the effects of SR��
 �
�	 (r = -0.302, n =

357, P < 0.001). These data suggest that relationships be-

tween diversity and compositional stability may be control-

led by mechanisms related to evenness or species richness,

which varied with the degree of diversity in control subplots

and the duration of drought disturbance.

In control subplots at all three experimental phases, E��


�
�	 was significantly higher than E��� ������ and E���	 ������

(t = 6.123 and t = 5.476, respectively; n = 357, P < 0.0001 for

both). In control subplots with lower evenness (at T��� ������

and T���	 ������), a significant nonlinear reduction was found

for SI, as the relative growth rate (RGR) of dominant species

decreased (Fig. 2A, B). When control subplots had higher

evenness, no significant relationship between RGR of domi-

nant species and SI was seen at T��
 �
�	 (Fig. 2C). Hence,

when evenness was low (and dominance high), changes in

biomass accumulation of dominant species in response to

drought disturbance seemed to influence the compositional

Figure 1. (���	����
�� ��	���� �������	� ����� �SI� ��� �
����� ����� �H� �	 ��������	 ��������	�� �
����� H���������' H���	������

��� H��
 �
�	 ��������	 	
� ��#����	� �� ���	��� ������	� �	 	
� ������	�� 	�� ����	 ������
	 �	���� ��� 	�� ��	
�' ���� ��	
� ���

��� ����' ������	�#����� �)� (���	����
�� ��	���� SI��������� ��� H��������� �r * �+�!!�' � * !,-' P . +�++��� �/� (���	����
�� ���

	���� SI���	������ ��� H��������� �r * �+��+,' � * !,-' P . +�++��� ��� (���	����
�� ��	���� SI���	������ ��� H���	������ �r * �+�!�,' �

* !,-' P . +�++��� �0� (���	����
�� ��	���� SI��
 �
�	��� H��������� �P * +�!���� �1� (���	����
�� ��	���� SI��
�
�	 ��� H ���	������

�r * +��+2' � * !,-' P * +�+,��� �$� (���	����
�� ��	���� SI��
�
�	 ��� H��
�
�	 �r * �+�!!!' � * !,-' P . +�++���
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stability of the experimental grassland communities. The

more dominant species were inhibited by drought, the less

stable was the composition of the plots. However, changes in

biomass accumulation of dominant species had little influ-

ence on the compositional stability of grassland communities

when evenness was high (and dominance low).

The effect of species identity (particular species) on com-

positional stability was investigated for four categories of

plots, which were dominated by Triumfetta bartramia,

Gahnia tristis, Ageratum houstonianum and Hemistepta

lyrata, respectively. The results showed that the species iden-

tity did not influence the compositional stability at T���������

and T���	 ������ as SI values displayed no significant differ-

ences (P > 0.05 for T��� ������ and T���	 ������) among these

four plot categories (Table 2). A significant difference (F��

��� = 4.234, P = 0.006) was found at T��
 �
�	, however (Table

2). These results indicate that species identity may have an

important effect on compositional stability of grassland com-

munities exposed to persistent drought (drought stress for

one year).

Discussion

In this study, we explored relationships between diver-

sity (H) and compositional stability (SI) of artificial grass-

land communities exposed to different periods of drought

stress. Based on simple regression analysis, we found that re-

lationships between diversity and compositional stability

Table 2. 0���������� �� �������	� ����� �SI� #����� ���� ����

���	 ��	������� ����	� �����	�� �� Triumfetta bartramia'

Gahnia tristis' Ageratum houstonianum ��� Hemistepta lyrata'

������	�#����� 3������ )435) �6�0 	��	 �	 P . +�+, ��#���

��� ���� 	� ��	��	� ����������	 ����������� �� SI ���� 	
�

���� ���	 ��	�������� 5����� ��#�� ��� ���� 7 �1�
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were not constant, but varied with diversity in control sub-

plots and duration of drought disturbance. In contrast to pre-

dictions of McNaughton (1977), Tilman (1996) and Lehman

and Tilman (2000), we suggest that relationships between di-

versity and compositional stability may be controlled by even-

ness (E), species richness (SR) or species identity (particular

species), which vary and depend on both, diversity in control

subplots and duration of drought disturbance. Consequently,

it is likely that factors controlling compositional stability of

grassland communities are different under different environ-

mental and experimental conditions, and thus lead to different

relationships between diversity and compositional stability.

McNaughton (1977), Tilman (1996) and Lehman and

Tilman (2000) predicted that negative relationships between

diversity and compositional stability reflect a negative effect

of species richness on compositional stability due to compen-

satory responses of species in response to disturbance. Nega-

tive relationships between H and SI were also found in this

study. When the control subplots had higher evenness (at

T��
 �
�	), SR��
 �
�	 also had a negative effect on SI, which

led to the negative relationship between H��
 �
�	 and SI.

However, when the control subplots had lower evenness (at

T��� ������ and T���	 ������), the observed negative relation-

ships between H (H��� ������ and H���	 ������) and SI were

not influenced by effects of species richness. Consequently,

we speculate that the predictions of McNaughton (1977), Til-

man (1996) and Lehman and Tilman (2000) will occur in

communities with high evenness values, as responses of in-

dividual species may have important effects on biomass

composition, thereby promoting an even distribution of spe-

cies abundance (Haper 1977, Wilsey and Potvin 2000, Polley

et al 2003). However, typical natural communities often ex-

hibit low evenness (Schwartz et al. 2000, Stirling and Wilsey

2001). Dominant species with a large abundance in natural

communities usually play key roles in many ecosystems

(Foster et al. 2002, Haddad et al. 2002, Smith and Knapp

2003, Emery 2007, Polley et al. 2007). Accordingly, re-

sponses of dominant species to drought stress in this study

were associated with compositional stability, when control

subplots had lower evenness values (at T��� ������ and T���	

������).

Whether species richness or species identity controls re-

lationships between diversity and compositional stability has

been debated in previous reports (McNaughton 1977, Tilman

1996, Sankaran and McNaughton 1999, Lehman and Tilman

2000, Foster et al. 2002). In this study, we provide evidence

that species richness will control the relationship between di-

versity and compositional stability when control subplots

have higher evenness values. In control subplots with lower

evenness, the negative relationship between diversity and

compositional stability at T��� ������ and T���	 ������ seem to

reflect the negative effects of E (E��� ������ and E���	 ������)

on compositional stability (SI). We predict that E affects SI

by mechanisms related to growth of dominant species under

drought stress conditions, as the increase in E significantly

decreased the relative growth rate (RGR) of dominant species

at T��� ������ and T���	 ������ (E��� ������ at T��� ������: r =

-0.409, n = 357, P < 0.0001; E��� ������ at T���	 ������: r =

-0.415, n = 357, P < 0.0001; E���	 ������ at T���	 ������: r =

-0.392, n = 357, P < 0.0001; data not shown). Increases in E

reflect a more even distribution of species abundances. This

seems to be associated with increasing competitive effects of

neighboring species on dominant species (Weiner 1982,

Zamfir and Goldberg 2000, Wilson et al. 2003, Damato and

Puettmann 2004), resulting in a RGR reduction of dominant

species. However, the negative effects of E disappeared at

T��
 �
�	 in our experimental grassland communities. This

may be related to the strong effects of species identity (par-

ticular species) on compositional stability. Species identity

may also affect SI by influencing growth responses of domi-

nant species, as the RGR of four common dominant species

exhibited a significant difference at T��
 �
�	 (F�� ��� = 3.128,

P < 0.05; data not shown). Under strong abiotic stress condi-

tions, competitive interactions among species may have less

impact on community composition, because plant growth is

then primarily limited by environmental conditions (Savile

1960, Billings and Mooney 1968, Grime 1977). Accord-

ingly, plant traits that link responses of biomass production

to environmental stress may control plant growth (Maestre et

al. 2005, 2006, Haddad et al. 2008). Consequently, no or

weakly positive relationships between H (H��� ������ and

H���	 ������) and SI at T��
 �
�	 may provide an explanation

that species identity mainly controlled compositional stabil-

ity in our experiment. Such an explanation could also be ex-

tended to other stress factors than drought. We suggest that

the different patterns of relationships between H and SI,

which have been controversially interpreted in previous stud-

ies (McNaughton 1977, Tilman 1996, Frank and

McNaughton 1991, Rodríguez and Gómez-Sal 1994,

Sankaran and McNaughton 1999, Lehman and Tilman 2000,

Foster et al. 2002) reflect special cases of specific environ-

mental and experimental conditions. With other words, eco-

logical mechanisms affecting compositional stability will be

different under different environmental and experimental

conditions, and this will lead to different relationships be-

tween diversity and compositional stability.

The knowledge on relationships between diversity and

compositional stability of grassland communities exposed to

different periods of drought stress has implications for eco-

system management and biodiversity conservation. In natu-

ral communities, the biomass and number of individuals are

almost never evenly distributed between species and many

communities are dominated by one or a few species (Ugland

and Gray 1982, Wilson et al. 1996, Weiher and Keddy 1999,

Mulder et al. 2004, Mattingly et al. 2007). Therefore, besides

endangered species, nature conservation should also con-

sider protection of dominant key species, particularly in

cases where the constancy of ecosystems and the composi-

tional structure of communities should be maintained. In-

deed, a greater understanding of the ecological link between

species identity and compositional stability is required to pre-

dict the effects of diversity on compositional stability of

communities under changing and extreme environmental

conditions. Our data only reflect a situation where key spe-
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cies responded “unfavorably” to experimental drought dis-

turbance, but we hypothesize that the investigated relation-

ships would be similar in the context of other environmental

stress factors. In conclusion, the results of this study may

have an important implication for future conservation and

restoration of grassland communities, particularly in ecosys-

tems with irregular drought periods.

Acknowledgements: We are grateful to Prof. C. Christian

for helpful suggestions on the manuscript, and Prof. L. Orlóci

for the suggestion of data analysis. We thank Weinan Ye, Xu

Chen, Li Li and Zuorong Xu for practical assistance. This

research was financially supported by the National Natural

Science Foundation of China (grant numbers Project &

30730021) and by the Zhang-Hongda Science Foundation of

Sun Yat-sen University (ZHD2004003).

References

Bezemer, T.M. and W.H. van der Putten. 2007. Diversity and stabil-
ity in plant communities. Nature 446:e6-e7.

Billings, W.D. and H.A. Mooney.1968. The ecology of arctic and
alpine plants. Biol. Rev. 43: 481-529.

Bray: J.R. and J.T. Curtis. 1957. An ordination of upland forest com-
munities of south Wisconsin. Ecol Monogr. 27, 325-349.

Briggs: J.M. and A.K. Knapp.1995. Interannual variability in pri-
mary production in tallgrass prairie: climate: soil moisture:
topographic position: and fire as determinants of aboveground
biomass. Am. J. Bot. 82: 1024-1030.

Connolly: J. and P. Wayne. 2005. Assessing determinants of com-
munity biomass composition in two-species plant competition
studies. Oecologia 142: 450-457.

Damato, A.W. and K.J. Puettmann.2004. The relative dominance hy-
pothesis explains interaction dynamics in mixed species Alnus
rubra/Pseudotsuga menziesii stands. J Ecol. 92: 450-463.

Easterling, D.R., G.A. Meehl, C. Parmesan, S.A. Changnon, T.R.
Karl and L.O. Mearns. 2000. Climate extremes: observations,
modeling, and impacts. Science 289: 2068-2074.

Emery, S.M. 2007. Limiting similarity between invaders and domi-
nant species in herbaceous plant communities? J. Ecol. 95:
1027-1035.

Foster, B.L., V.H. Smith, T.L. Dickson and T. Hildebrand. 2002.
Invasibility and compositional stability in a grassland commu-
nity: relationships to diversity and extrinsic factors. Oikos 99:
300–307.

Fotelli, M.N., A. Geßler, A.D. Peuke and H. Rennenberg. 2001.
Drought affects the competitive interactions between Fagus syl-
vatica seedlings and an early successional species, Rubus fruti-
cosus: responses of growth, water status and δ 13 C composition.
New Phytol. 151: 427-435.

Frank, D.A. and S.J. McNaughton.1991. Stability increases with di-
versity in plant communities: empirical evidence from the 1988
Yellowstone drought. Oikos 62: 360-362.

Grime, J.P.1977. Evidence for the existence of three primary strate-
gies in plants and its relevance to ecological and evolutionary
theory. Am. Nat. 111: 1169-1194.

Haddad, N.M., D. Tilman and J.M.H. Knops. 2002. Long-term os-
cillations in grassland productivity induced by drought. Ecol.
Lett. 5: 110-120.

Haddad, N.M., M. Holyoak, T.M. Mata, K.F. Davies, B.A. Mel-
bourne and K. Preston. 2008. Species traits predict the effects of

disturbance and productivity on diversity. Ecol. Lett. 11: 348-
356.

Haper, J.L. 1977. Population Biology of Plants. Academic Press,
London.

Herbel, C.H., F.N. Ares and R.A. Wright. 1972. Drought effects on
a semidesert grassland range. Ecology 53, 1084-1093.

Hoerling, M. and A. Kumar. 2004. The perfect ocean for drought.
Science 299: 691-694.

Huston, M.A., L.W. Aarssen, M.P. Austin, B.S. Cade, J.D. Fridley
and E. Garnier. 2000. No consistent effect of plant diversity on
productivity. Science 289: 1255a.

Ives, A.R., and S.R. Carpenter. 2007. Stability and diversity of eco-
systems. Science 317, 58-62.

King A.W. and S.L. Pimm. 1983. Complexity, diversity and stabil-
ity: a reconciliation of theoretical and empirical results. Am. Nat.
122: 229-239.

Lehman, C.L. and D. Tilman. 2000. Biodiversity, stability, and pro-
ductivity in competitive communities. Am. Nat. 156: 534-552.

Loreau, M., S. Naeem, P. Inchausti, J. Bengtsson, J. P. Grime, A.
Hector, D.U. Hooper, M.A. Huston, D. Raffaelli, B. Schmid, D.
Tilman and D.A. Wardle. 2001. Biodiversity and ecosystem
functioning: current knowledge and future challenges. Science
294: 804-808.

Maestre, F.T., F. Valladares and J.F. Reynolds. 2005. Is the change
of plant–plant interactions with abiotic stress predictable? A
meta-analysis of field results in arid environments. J. Ecol. 93:
748-757.

Maestre, F.T., F. Valladares and J.F. Reynolds.2006. The stress-gra-
dient hypothesis does not fit all relationships between
plant–plant interactions and abiotic stress: further insights from
arid environments. .J Ecol. 94: 17-22.

Mattingly, W.B., R. Hewlate and H.L. Reynolds. 2007. Species
evenness  and  invasion resistance of experimental grassland
communities. Oikos 116: 1164-1170.

McNaughton, S.J. 1977. Diversity and stability of ecological com-
munities: a comment on the role of empiricism in ecology. Am.
Nat. 111: 515-525.

Mellinger, M.V. and S.J. McNaughton. 1975. Structure and function
of successional vascular plant communities in Central New
York. Ecol. Monogr. 45: 161-182.

Mulder, C.P.H., E. Bazeley-White, P.G. Dimitrakopoulos, A. Hec-
tor, M. Scherer-Lorenzen and B. Schmid. 2004. Species even-
ness and productivity in experimental plant communities. Oikos
107: 50-63.

Noy-Meir, I. 1973. Desert ecosystems: environment and producers.
Annu. Rev. Ecol. Syst. 4: 25-51.

Peet, R.K. 1974. The measurement of species diversity. Annu. Rev.
Ecol. Syst. 5: 295-307.

Pfisterer, A.B. and B. Schmid. 2002. Diversity-dependent produc-
tion can decrease the stability of ecosystem functioning. Nature
416: 84-86.

Pielou, E.C. 1975. Ecological Diversity. John Wiley & Sons, New
York.

Polley, H.W., B.J. Wilsey and J.D. Derner. 2003. Do species even-
ness and plant density influence the magnitude of selection and
complementarity effects in annual plant species mixtures? Ecol.
Lett. 6: 248-256.

Polley, H.W., B.J. Wilsey and J.D. Derner. 2007. Dominant species
constrain effects of species diversity on temporal variability in
biomass production of tallgrass prairie. Oikos 116: 2044-2052.

Diversity and compositional stability 111



Rodríguez, M.A. and A. Gómez-Sal. 1994. Stability may decrease
with diversity in grassland communities: empirical evidence
from the 1986 Cantabrian Mountains (Spain) drought. Oikos 71:
177-180.

Sankaran, M. and S.J. McNaughton. 1999. Determinants of biodiver-
sity regulate compositional stability of communities. Nature
401: 691-693.

Savile, D.B.O. 1960. Limitations of the competitive exclusive prin-
ciple. Science 132: 1761.

Shannon, C. 1948. A mathematical theory of communication. Bell
System Technical Journal 27: 379-423.

Schwartz, M.W., C.A. Brigham, J.D. Hoeksema, K.G. Lyons, M.H.
Mills and P.J. van Mantgem. 2000. Linking biodiversity to eco-
system function: implication for conservation ecology. Oecolo-
gia 122: 297-305.

Smith, M.D. and A.K. Knapp. 2003. Dominant species maintain eco-
system function with non-random species loss. Ecol. Lett. 6:
509-517.

Stirling, G. and Wilsey B. 2001. Empirical relationships between
species richness, evenness, and proportional diversity. Am. Nat.
158: 286-299.

Tilman, D. 1996. Biodiversity: population versus ecosystem stabil-
ity. Ecology 77: 350-363.

Tilman, D. and J.A. Downing. 1994. Biodiversity and stability in
grasslands. Nature 367: 363-365.

Tilman, D. and A. El Haddi.1992. Drought and biodiversity in grass-
lands. Oecologia 89: 257-264.

Tilman, D. and P.B. Reich and J.M.H. Knops. 2006. Biodiversity and
ecosystem stability in a decade long grassland experiment. Na-
ture 441: 629-632.

Torssell, B.W.R. 1976. Drought resistance effects on species compo-
sition of an annual pasture in a dry monsoonal climate. J. Appl.
Ecol. 13: 943-953.

Ugland, K.I. and J.S. Gray. 1982. Lognormal distributions and the
concept of community equilibrium. Oikos 39: 171-178.

Wang, Y.F., S.X. Yu and J. Wang. 2007. Biomass-dependent suscep-
tibility to drought in experimental grassland communities. Ecol.
Lett. 10: 401-410.

Weigelt, A., J. Schumacher, C. Roscher and B. Schmid. 2008. Does
biodiversity increase spatial stability in plant community
biomass? Ecol. Lett. 11: 338-347.

Weiher, E. and P.A. Keddy. 1999. Relative abundance and evenness
patterns along diversity and biomass gradients. Oikos 87: 355-
361.

Weiner, J. 1982. A neighborhood model of annual-plant interference.
Ecology 63: 1237-1241.

Wilsey, B.J. and C. Potvin. 2000. Biodiversity and ecosystem func-
tioning: importance of species evenness in an old field. Ecology
81: 887-892.

Wilson, W.G., P. Lundberg, D.P. Vazquez, J.B. Shurin, M.D. Smith,
W. Langford, K.L. Gross and G.G. Mittelbach. 2003. Biodiver-
sity and species interactions: extending Lotka–Volterra commu-
nity theory. Ecol. Lett. 6: 944-952.

Wilson, J.B., T.C.E. Wells, and I.C. Trueman, G. Jones, M.D. Atkin-
son, M.J. Crawley, M.E. Dodd and J. Silvertown. 1996. Are
there assembly rules for plant species abundance? An investiga-
tion in relation to soil resources and successional trends. J. Ecol.
84: 527-538.

Yu, S.X., Y. Li, Y.F. Wang and C.F. Zhou. 2000. The vegetation
classification and its digitized map of Heishiding Nature Re-
serve, Guangdong I. The distribution of the vegetation type and
formation. Acta Scientiarum Naturalium Universitatis Sunyat-
seni. 39: 61-66.

Zamfir, M, and D. Goldberg. 2000. The effect of initial density on
interactions between bryophytes at individual and community
levels. J. Ecol. 88: 243-255.

������� �������� �	
 	���
������� ���� 	�
 	���
 ���������  �
 	���

!����� "�#��� $
 	���

112 Wang et al.


