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Abstract
1. A positive relationship between biodiversity and ecosystem stability has been reported in many ecosystems; however, it has yet to be determined whether and how
spatial scale affects this relationship. Here, for the first time, we assessed the effects of alpha, beta and gamma diversity on ecosystem stability and the scale dependence of the slope of the diversity–stability relationship.
2. By employing a long-term (33 years) dataset from a temperate grassland, northern
China, we calculated the all possible spatial scales with the complete combination
from the basic 1-m2 plots.
3. Species richness was positively associated with ecosystem stability through species
asynchrony and overyielding at all spatial scales (1, 2, 3, 4 and 5 m2). Both alpha and
beta diversity were positively associated with gamma stability.
4. Moreover, the slope of the diversity–area relationship was significantly higher than
that of the stability–area relationship, resulting in a decline of the slope of the diversity–stability relationship with increasing area.
5. Synthesis. With the positive species diversity effect on ecosystem stability from
small to large spatial scales, our findings demonstrate the need to maintain a high
biodiversity and biotic heterogeneity as insurance against the risks incurred by ecosystems in the face of global environmental changes.
KEYWORDS

asynchrony, biodiversity, community stability, ecosystem function and services, homogenization,
metacommunity, primary productivity, spatial insurance, species richness, steppe
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1 | INTRODUCTION

ecosystems (Fahrig, 2003; Gossner et al., 2016; Holland, Clarke, &
Bennett, 2017; Vitousek & Howarth, 1991). We are facing a crisis

Direct and indirect impacts of anthropogenic activities, which include

due to the world’s biodiversity being degraded at an alarming rate

land use change, nutrient enrichment, greenhouse gas emissions and

(Gonzalez et al., 2016; Naeem, Duffy, & Zavaleta, 2012; Plotnick,

climate change, tend to reduce the complexity of our planet’s natural

Smith, & Lyons, 2016). According to recent estimates, current rates of
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extinction may be comparable to the Cretaceous extinction of the di-

ZHANG et al.

diversity should be positively associated with ecosystem stability at

nosaurs, casting us as a metaphorical asteroid (Cafaro, 2015; Plotnick

all spatial scales (Lehman & Tilman, 2000; Wang & Loreau, 2016), but

et al., 2016).

diversity should have a stronger stabilizing effect at the regional scale,

Biodiversity underpins the ecosystem functioning and services on

at least in absolute terms, with contributions from both alpha (α) and

which humans largely rely (Cardinale et al., 2012; Isbell et al., 2011;

beta (β) diversity (Wang & Loreau, 2014, 2016). To date, few exper-

McCallum, 2015). Communities with greater diversity are expected

iments have been conducted to test this hypothesis (Aragón et al.,

to have a more stable functioning, because a greater number of eco-

2011; Chalcraft, 2013). Theory also predicts that ecosystem stability

logical interactions among its components should facilitate its re-

increases with area (Wang & Loreau, 2014; Wang et al., 2017), just as

sistance and resilience (Isbell et al., 2015; Lehman & Tilman, 2000).

species richness increases with area (Storch, 2016). What is still un-

Based on extensive theoretical and empirical studies, ecologists have

known, however, is whether the slope of the diversity–stability rela-

made major advances towards understanding how biodiversity affects

tionship increases or decreases with spatial scale.

ecosystem productivity and stability (Loreau, 2010; Tilman, Isbell, &

Three alternative scenarios are possible for how the slope of the

Cowles, 2014; Turnbull, Isbell, Purves, Loreau, & Hector, 2016). Many

diversity–stability relationship changes with spatial scale (Figure 1). If

studies have demonstrated that species richness enhances ecosystem

the diversity–area (with slope z) and stability–area (with slope z′) rela-

stability (as measured by the inverse of the temporal variability in its

tionships have similar slopes (i.e., z = z′; Figure 1a), the corresponding

aggregate properties) in both experimental and natural communities

slope of the diversity–stability relationship should remain constant

at small spatial scales (Bai, Han, Wu, Chen, & Li, 2004; Hautier et al.,

with increasing area (Figure 1d). If z > z′ (Figure 1b), the slope of the

2015; Hector et al., 2010; Jiang & Pu, 2009). They show that species

diversity–stability relationship should decline with increasing area

richness promotes the stability of productivity at local scales, mainly

(Figure 1e). In contrast, if z < z′ (Figure 1c), the slope of the diversity–

through the insurance effect (species asynchrony or compensation)

stability relationship should increase with increasing area (Figure 1f).

(Bai et al., 2004; Loreau & de Mazancourt, 2013; Yachi & Loreau, 1999;

Using a long-term (33-year; 1982–2014) field dataset in a temper-

Zhang, Loreau, He, Zhang, & Han, 2017b) and overyielding (Hector

ate steppe of Inner Mongolia, China, here we explore whether species

et al., 2010; Tilman, Reich, & Knops, 2006).

richness promotes ecosystem stability at multiple spatial scales. We

Understanding scaling relationships is critical to foster the devel-

also test whether α and β diversity are positively associated with γ sta-

opment of predictive tools and better mechanistic models in ecol-

bility (i.e., ecosystem stability in the largest area) in real natural com-

ogy (Allen et al., 2016; Aragón, Oesterheld, Irisarri, & Texeira, 2011;

munities. In addition, we test our alternative hypotheses as to how

Chalcraft, 2013; Loreau, Mouquet, & Gonzalez, 2003; Wang & Loreau,

the slope of the positive diversity–stability relationship changes with

2014, 2016; Wang et al., 2017; Wiens, 1989). Theory predicts that

increasing area.

F I G U R E 1 Three scenarios leading to changes in diversity– and stability–area relationships, and the corresponding changes in the slopes
of diversity–stability relationship. As both diversity (slope: z) and ecosystem stability (slope: z′) theoretically increase with area, three possible
scenarios exist (i.e., constant, decrease, and increase) for the pattern of the diversity effect on ecosystem stability with increasing area. (a)
Diversity has a similar slope to that of ecosystem stability (i.e., z = z′); (b) Diversity has a larger slope than that of ecosystem stability (i.e., z > z′);
(c) Diversity has a smaller slope than that of ecosystem stability (i.e., z < z′). (d) The constant scenario: as shown in (a) (z = z′), the corresponding
slopes of the diversity–stability relationship remain relatively constant; thus, the diversity–stability relationship is not influenced by an increase
in area; (e) The decrease scenario: as shown in (b) (z > z′), the corresponding slopes of the diversity–stability relationship decrease as the area
increases; thus, the effect of diversity on ecosystem stability weakens as the area increases; (f) The increase scenario: as shown in (c) (z < z′), the
corresponding slopes of the diversity–stability relationship increase with increasing area; thus, the effect of diversity on ecosystem stability is
enhanced with increasing area [Colour figure can be viewed at wileyonlinelibrary.com]
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in each site (i.e., the five same colored 1-m2 plots in Figure S1) were regarded as a metacommunity (hereafter, termed large scale, i.e., 5 m2).

2.1 | Study site

Since different plots were sampled each month, we collected data for

This study was conducted near the Inner Mongolia Grassland
Ecosystem Research Station (116°14′E, 43°13′N), which was located
in the Xilin River Basin, Inner Mongolia, China. C3 perennial rhizome
grass (i.e., Leymus chinensis) and C3 perennial bunchgrass (i.e., Stipa
grandis) were co-dominant (Bai et al., 2004). The soil was classified as
Haplic Calcisols and Calcic-Orthic Aridisol by the Food and Agriculture
Organization of the United Nations (FAO) and the USA soil classification system, respectively. The long-term (1982–2014) mean annual
air temperature was 0.97°C, with mean monthly temperature ranging
from −21.4°C in January to 19.7°C in July. The mean annual precipitation was 345.2 mm, with approximately four-fifths falling during the
growing season (i.e., from May to September). In 1979, 2 sites of 25-
ha each in the grassland (separated by a spatial distance of 25 km)
were fenced to keep out large animal grazers. At each site, an east–
2

west transect of 200 × 100 m was established with five equal-sized
replicate blocks (Figure S1; 40 × 100 m2 for each block). More details
can be found in Bai et al. (2004).
The above-ground net primary productivity (ANPP) of the community was estimated from the above-ground plant biomass, which
is an accepted approximation for ANPP in this region, because above-
ground plant tissues die during the winter season. Although the field
experiments were established in 1979, biomass was sampled five
times (at monthly intervals) across the growing season (i.e., May, June,
July, August, and September) from 1982 to 2014 (Figure S1). Plant
above-ground biomass was measured by clipping all plants above
the soil surface in a 1 × 1 m2 quadrat, without spatial overlap. Hence,
each biomass measure was a proxy of community ANPP from budding
to the sampling month. All living vascular plants were sorted to the
species level, oven-dried at 65°C for 48 hr to a constant weight, and
then weighed. The number of plant species per m2 was recorded in
the same quadrat used to measure above-ground biomass. In total,
more than 20,000 plant above-ground biomass values were measured
in 1,650 basic 1-m2 quadrats, i.e., 5 plots per sampling time per site ×
2 sites × 5 sampling times per year throughout the growing season ×
33 years (Figure S1).

five metacommunities in each site, which makes 10 metacommunities
in total in the two sites (Figure S1).

2.3 | Alpha, beta and gamma diversity
Alpha diversity was measured as the average species richness of the
1-m2 plots (i.e., the smallest scale in the study), while γ diversity was

measured as the species richness of the combination of the five 1-m2
plots in each metacommunity. Then, both α and γ diversity were averaged over the 33 years. Beta diversity was calculated as β diversity = γ
diversity − α diversity (Tuomisto, 2010; Wang & Loreau, 2014), i.e., as
the regional diversity excess.

2.4 | Alpha and gamma stability
Ecosystem stability (Lehman & Tilman, 2000) was defined as S = μ/σ,
where μ and σ are the inter-annual mean and standard deviation of
ecosystem ANPP over the 33 years. The α (i.e., ecosystem stability

at the 1-m2 scale) and γ stability (i.e., ecosystem stability at the 5-m2
scale) were used as proxies of ecosystem stability at the smallest and
the largest scales, respectively. Just as with α diversity, α stability was
averaged across the 1-m2 plots.

2.5 | Species asynchrony
Community-wide species asynchrony (Loreau & de Mazancourt,
∑N
2008) was quantified as 1 − σ2b ∕( i=1 σbi )2, where σ2b is the variance
T

T

of ecosystem ANPP. σbi is the standard deviation of ANPP of species
i in a community with N species over all the years. Community-wide
species asynchrony ranges between 0 (perfect synchrony) and 1 (perfect asynchrony), regardless of spatial scale.

2.6 | Overyielding effect
A positive relationship between species richness and ecosystem ANPP
indicates an overyielding effect on ecosystem stability as biodiversity
increases (Hector et al., 2010; Tilman et al., 2006).

2.2 | Spatial scales
Each site contained five blocks, and each block contained five plots

2.7 | Spatial scaling of species richness

that were dispersed, but relatively closely connected, in space

Based on the positive relationship between species richness and area

(Figure S1). Within each block, a different plot was sampled each

(MacArthur & Wilson, 1967; Storch, 2016), we used the followed

2

month. With the combination of five 1-m plots at each sampling

equation to illustrate how spatial scaling affects diversity (Figure 1a–c):

date in each site, we assessed five spatial scales, i.e., 1, 2, 3, 4, and
5 m2. Since the ANPP of each species (i.e., population ANPP) was

log 10(N) = c + z × log 10(A)

measured in each 1-m2 plot, data on both species richness and
ANPP can be easily obtained at the five spatial scales (Zhang, He,
Loreau, Pan, & Han, 2017a).
We treated each 1-m2 plot as an individual community (hereafter,
termed small scale, i.e., 1 m2). The five plots sampled at the same date

(1)

where N, c, z, and A are the number of plants of species in the ecosystem, intercept, slope, and area, respectively. Parameter z represents
the rate of change in the number of plant species with expanding sampling area, i.e., from α to γ diversity with increasing area.
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the species–area relationship (z) differed from that of the ecosystem

2.8 | Spatial scaling of ecosystem stability

stability–area relationship (z′) using area as a continuous variable.

Theoretically, ecosystem stability increases with spatial scale (Wang &

All statistical analyses were carried out using SPSS 18.0 for

Loreau, 2014; Wang et al., 2017). Here, we used:

Windows (SPSS Inc., Chicago, IL, USA).
(2)

log 10(S) = c� + z� × log 10(A)

3 | RESULTS

where S, c′, z′, and A are the ecosystem stability, intercept, slope, and

3.1 | Species richness promotes ecosystem stability

area, respectively, to illustrate how scaling affects ecosystem stability
(Figure 1a–c). The parameter z′ represents the rate of increase in eco-

Species richness was positively associated with ecosystem stability

system stability with expanding sampling area, i.e., from α to γ stability

at all spatial scales (Figure 2a; p < .05). Species asynchrony was also
positively associated with ecosystem stability at all spatial scales

with increasing area.

(Figure 2b; p < .01), and species richness was positively correlated
with species asynchrony (Figure 2c; p < .05). Species richness was

2.9 | Spatial scaling of the slope of the diversity–
stability relationship

positively associated with ecosystem ANPP (Figure 2d; p < .1). These

We used linear regression to explore whether the slopes of the diver-

bility at each scale through the effects of both species asynchrony and

sity–stability relationship changed with increasing area.

overyielding.

2.10 | Statistical analysis

3.2 | Effects of alpha and beta diversity on
gamma stability

positive relationships suggest that diversity promotes ecosystem sta-

T tests were performed to test the difference between α and γ di-

Species richness was smaller in the smallest areas (α diversity)

versity and between α and γ stability. Moreover, two-way analysis of

compared to the largest areas (γ diversity) (t18 = −7.67, p < .0001).

covariance was performed to show whether increases in the slope of
1.4

(a)
Ecosystem stability of ANPP (µ/σ)

Ecosystem stability of ANPP (µ/σ)

1.4
1.2
1.0
0.8
0.6

(b)
1 m2
2 m2
3 m2
4 m2
5 m2

1.2
1.0
0.8
0.6
0.4
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(c)

800

(d)
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F I G U R E 2 Species richness promotes
ecosystem stability at different spatial
scales. (a) Species richness was positively
associated with the temporal stability
of ecosystem above-ground net primary
productivity (ANPP) across years (1982–
2014) at a given spatial scale (i.e., 1, 2,
3, 4, and 5 m2, respectively). (b) Species
asynchrony was positively associated
with ecosystem stability. (c) Species
richness was positively associated with
species asynchrony. (d) Relationships
between species richness and ecosystem
ANPP [Colour figure can be viewed at
wileyonlinelibrary.com]
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Thus, α diversity was significantly lower than γ diversity. Ecosystem

In addition, species richness was negatively associated with the

stability was slightly higher, but not significant, in the largest area of

slope of the diversity–stability relationship across areas (Figure 5;

the Inner Mongolia grassland (t18 = −0.88, p = .3910), suggesting that

F1,3 = 378.91, p = .0003; R2 = .99).

γ stability was not significantly greater than α stability.
Alpha diversity was positively associated with γ stability (Figure 3;

The magnitude (R2) of the diversity–stability relationship was in-

creased with spatial scale (Figure 6a; F1,3 = 24.74, p = .0156; R2 = .89).

F1,8 = 11.8, p = .0088; R2 = .60). Beta diversity was also positively re-

Species richness was positively associated with the magnitude

both α and β diversity might contribute to γ stability.

F1,3 = 23.69, p = .0166; R2 = .89).

3.3 | Spatial scaling of species richness and
ecosystem stability

4 | DISCUSSION

Species richness significantly increased with area (Figure 4a;

Our study tested whether diversity promotes γ stability, and the scale

lated with γ stability (Figure 3; F1,8 = 13.0, p = .0069; R2 = .62). Thus,

2

F1,48 = 82.07, p < .0001; R = .63), but ecosystem stability did not

(R2) of the diversity–stability relationship across areas (Figure 6b;

dependence of the diversity–stability relationship using long-term

(Figure 4b; F1,48 = 0.95, p = .3339; R2 = .02) The slope of the diver-

field data. It showed that species richness promoted ecosystem stabil-

sity–area relationship was significantly greater than that of the sta-

ity at the corresponding spatial scale, yielding positive diversity–sta-

bility–area relationship (Figure 4c; z = 0.377, z′ = 0.059; F1,96 = 18.65,

bility relationships at all scales. Both α and β diversity were positively

p < .0001). This result corresponds the scenario presented in Figure 1b

associated with γ stability, supporting a recent theoretical prediction

(i.e., z > z′).

by Wang and Loreau (2014, 2016). Furthermore, the slope of the diversity–area relationship was greater than that of the stability–area

3.4 | Spatial scaling of the slope of diversity–stability
relationship

relationship, leading to a decline in the slope of the diversity–stability relationship with increasing area in agreement with our decrease
scenario (Figure 1e).

The slopes of the diversity–stability relationship declined significantly

We found a positive relationship between species richness and

with area (Figure 4d; F1,3 = 441.00, p = .0002; R2 = .99; mean and

ecosystem stability at all spatial scales. This positive biodiversity–

95% confidence intervals: −0.015 [−0.016 to −0.014]). This result was

stability relationship is consistent with the results obtained by both

consistent with the hypothesized decrease scenario (i.e., the second

theoretical models (Lehman & Tilman, 2000; Loreau, 2010; Wang &

scenario; Figure 1e), whereby, when z > z′, the slopes of the diversity–

Loreau, 2016) and experimental studies (Hautier et al., 2015; Jiang &

stability relationship decline with increasing area.

Pu, 2009; Tilman et al., 2006; Zhu, van der Werf, Anten, Vos, & Evers,
2015). Species asynchrony (Hector et al., 2010; Isbell, Polley, & Wilsey,

Ecosystem stability at the largest scale (γ stability)

2009; Zhu et al., 2015) and the overyielding effect (Hector et al., 2010;
Tilman et al., 2006) are important mechanisms explaining the posi-

1.4

tive relationship between species richness and ecosystem stability in
plant communities. Supporting previous studies (Hautier et al., 2014;
Hector et al., 2010; Isbell et al., 2009), we also found that species rich-

1.2

ness was positively related with species asynchrony, which, in turn,
was positively associated with ecosystem stability. Therefore, species
asynchrony might help explain how positive diversity affects ecosys-

1.0

tem stability at every spatial scale in the Inner Mongolia grassland.
Species asynchrony stabilizes ecosystem stability at each spatial scale.

0.8

Theoretically, species that coexist in the same ecosystem may respond

α diversity
R 2 = .60
p = .0088
β diversity
R 2 = .62
p = .0069

0.6

8

10

12

14

16

asynchronously to environmental fluctuations (Lehman & Tilman,
2000; Loreau & de Mazancourt, 2013; Tredennick, de Mazancourt,
Loreau, & Adler, 2017). Overall, our study not only supported the results from previous study that temporal complementarity between
species enhances the temporal stability of ecosystem productivity at

18

Diversity
F I G U R E 3 Alpha (α) and beta (β) diversity were associated with
gamma (γ) stability. Both α and β diversity were positively associated
with γ stability within the metacommunity. Solid and open symbols
correspond to α diversity and β diversity, respectively

small scales in the Inner Mongolia grassland (Bai et al., 2004) but also
verified these mechanisms at larger spatial scales.
Moreover, (α) and (β) diversity were positively related with γ
stability. This occurred where species richness was higher at the larger
scale but ecosystem stability was constant across scales. A higher β
diversity represents a higher heterogeneity or spatial variability in species composition (Tuomisto, 2010; Wang & Loreau, 2014, 2016). One
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F I G U R E 4 Changes in the slopes
between species richness and ecosystem
stability with increasing area. (a) Species
richness increased with areas. (b)
Ecosystem stability did not alter with
increasing area. (c) The slope of species
richness vs. area (z = 0.377 ± 0.040) was
significantly greater than that of ecosystem
stability vs. area (z′ = 0.059 ± 0.061) (i.e.,
z > z′; F1,96 = 18.65, p < .0001; value of
slope from a and b). (d) The slopes of
species-richness–ecosystem-stability
relationships declined with increasing
area (data from Figure 2a; F1,3 = 441.00,
p = .0002; R2 = .99), supporting our
hypothesized decrease scenario (see
Figure 1e); specifically, when z > z′, the
corresponding slopes of the relationship
between diversity and stability decrease
with increasing area. When the area was
not log-transformed, the linear regression
was also significant (F1,3 = 36.21, p = .0092;
R2 = .92; mean and 95% confidence
intervals: −0.0030 [−0.0034 to −0.0026]).
Error bars indicate 1 SE [Colour figure can
be viewed at wileyonlinelibrary.com]

recent field study showed that a higher spatial variability promoted

heterogeneous. For instance, large areas might include habitat types

temporal stability at the regional scale in the Tallgrass Prairie Preserve

or resources that are absent in small areas. Therefore, a higher spa-

of northeastern Oklahoma, USA (McGranahan et al., 2016). Another

tial heterogeneity of habitats has the potential to maintain more spe-

field study showed that a greater species compositional dissimilarity

cies (Bergholz et al., 2017; Law & Dieckmann, 2000; Turner & Tjørve,

between microcosms (i.e., a higher β diversity) caused spatial syn-

2005). In turn, such species should be able to exploit spatially hetero-

chrony to decline, promoting γ stability (France & Duffy, 2006). The

geneous resources more effectively, enhancing stability at a large scale

results of the current study suggest that higher levels of species rich-

through spatial niche complementarity (Loreau et al., 2003).

ness at the local scale enhance ecosystem stability at both small and

In contrast, the homogenization of environmental conditions and

large spatial scales. They also show that β diversity contributes to eco-

resources is likely to reduce species richness and ecosystem stability

system stability at larger spatial scales. These results support Wang

in natural ecosystems. Environmental homogenization may reduce γ

and Loreau’s (2014, 2016) theoretical predictions, and suggest that

diversity due to a decline in either α or β diversity, or both. Species

biodiversity has a stabilizing effect on γ stability via both local (Yachi

predicted to go extinct are initially those that are least abundant as

& Loreau, 1999) and spatial (Loreau et al., 2003) insurance effects.

environments gradually homogenize. Such extinctions are associated

Thus, maintaining local biodiversity and spatial biotic heterogeneity

with low growth rates (e.g., due to poor habitat quality), high variance

enhances both biodiversity and the stability of ecosystem properties

in growth rates (environmental stochasticity) or small population size,

at large spatial scales.

due to low carrying capacity or other factors (Sodhi, Brook, & Bradshaw,

Beta diversity is associated with the spatial heterogeneity of spe-

2009). Recent theory (Wang & Loreau, 2014, 2016), a recent empiri-

cies composition, and promotes stability at large scales (Aragón et al.,

cal study (McGranahan et al., 2016), and our own study (Figure 3) all

2011; France & Duffy, 2006). The physical environment and living

indicate that temporal stability at large scale benefits from both a high

organisms are rarely uniformly or randomly distributed. Instead, re-

local diversity and a greater spatial turnover in species composition.

sources in natural ecosystems aggregate in patches, or form gradi-

Less abundant species, particularly rare species that may be critical to

ents, or other kinds of spatial structures. Larger areas likely contain

ecosystem multifunctionality (Lyons & Schwartz, 2001; Soliveres et al.,

more microhabitats than do smaller areas, and thus are spatially more

2016), may be subject to stronger environmental stochasticity and a
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higher possibility of extinction when exposed to habitat homogeniza-

diversity–stability relationship as area increases. We re-analysed sim-

tion under most global change factors (Gossner et al., 2016; Holland

ulation data from Wang and Loreau’s (2016) model metacommunities,

et al., 2017; Vitousek & Howarth, 1991). The loss of such species

and found the same result (Figure S2a; F1,59996 = 13.74, p = .0002).

would then lead to a decline in regional stability.

In the model metacommunities, the slope of the diversity–variabil-

Interestingly, the slope of the diversity–stability relationship,

ity relationship was significantly more negative at small spatial scales

however, decreased with species richness (Figure 5). Since a higher

(−0.0021) than that at large spatial scales (−0.0015) (Figure S2b;

species richness is also associated with a larger area, this phenom-

t58 = −2.26, p = .0278) across all parameter values. Interestingly, the

enon might partly explain why the slope of the diversity–stability

difference between the slopes at small and large scales increased with

relationship decreases with increasing area in natural ecosystems.

the strength of the interaction between the patch- and species-specific

An important new result of our study is that the slope of the di-

environmental responses (i.e., value = 8; t28 = −3.62, p = .0011). When

versity–area relationship was significantly larger than that of the

the strength of the interaction between the patch-  and species-

stability–area relationship, leading to a decline in the slope of the

specific environmental responses increases, the association between
β diversity and γ stability probably decreases (Wang & Loreau, 2016),
thereby weakening the correlation between γ diversity and stability. In
contrast, the slope of the diversity–stability relationships did not show
any significant difference between the two spatial scales for a given
set of parameter values in the simulated metacommunities, whether
the between-patch environmental correlation (i.e., −0.8, −0.4, 0, 0.4
and 0.8, respectively) or the between-species environmental correlation (i.e., −0.05, 0 and 0.4, respectively) was varied. These results
suggest that the effect of spatial scale on the slope of the diversity–
stability relationship occurred mainly through the interaction between
patch-  and species-specific environmental responses. Overall, these
metacommunity model simulations agree with our findings on the
changes in the slope of the diversity–stability relationship with scale.

5 | CONCLUSIONS
Our study provides strong empirical support for recent theory (Wang
& Loreau, 2014, 2016) predicting that biodiversity promotes ecosysF I G U R E 5 Relationship between species richness and the slope
of diversity–stability with areas. Species richness was negatively
related with the slope of diversity–stability with areas (data from
Figure 2a), indicating that a higher species richness at larger area
was associated with a lower value of the slope of diversity–stability
relationship. The values of species richness were averaged each given
spatial scale. Error bars indicate 1 SE [Colour figure can be viewed at
wileyonlinelibrary.com]

F I G U R E 6 The magnitude of diversity–
stability with areas. (a) The magnitude (R2)
of diversity–stability relationship (data from
Figure 2a) increases with spatial scales. (b)
Species richness was positively related with
the magnitude (R2) of diversity–stability
with areas, suggesting that the diversity
effect is more important at large spatial
scale. The values of species richness were
averaged each given spatial scale. Error
bars indicate 1 SE [Colour figure can be
viewed at wileyonlinelibrary.com]

tem stability at large spatial scales, through effects of both α and β
diversity. Our study also extends this theory by predicting that the
slope of the diversity–stability relationship declines with increasing
area because diversity depends more strongly on spatial scale than
does ecosystem stability. Future empirical and theoretical studies are
needed to test and extend these findings and predictions, which will
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greatly improve our understanding of the effects of global changes
and environmental homogenization.
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