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Biotic mechanisms associated with species diversity are expected to stabilize
communities in theoretical and experimental studies but may be difficult to
detect in natural communities exposed to large environmental variation. We
investigated biotic stability mechanisms in a multi-site study across Inner
Mongolian grassland characterized by large spatial variations in species rich-
ness and composition and temporal fluctuations in precipitation. We used a
new additive-partitioning method to separate species synchrony and popu-
lation dynamics within communities into different species-abundance groups.
Community stability was independent of species richness but was regulated
by species synchrony and population dynamics, especially of abundant species.
Precipitation fluctuations synchronized population dynamics within commu-
nities, reducing their stability. Our results indicate generality of biotic stability
mechanisms in natural ecosystems and suggest that for accurate predictions of
community stability in changing environments uneven species composition
should be considered by partitioning stabilizing mechanisms into different
species-abundance groups.

1. Introduction

The ability of ecosystems to reliably provide biological products and services to
humanity is being threatened by climatic changes and species loss [1-5], arousing
interests in biodiversity-stability relationships. As an important ecosystem func-
tion, community biomass tracks environmental fluctuations [6-8]. This temporal
variability is frequently estimated with the temporal coefficient of variation
(CV =0/u, the inverse of community stability) [9-13], and, based on theoretical
and experimental studies [14-16], is expected to be lower in species-rich than
in species-poor communities owing to biotic mechanisms. First, asynchronous
species dynamics can stabilize communities because the decreased biomass in
one species can be compensated by increases in others [8,17-20]. Second, the
mean-—variance scaling relationship [21] suggests a stabilized community by dis-
tributing the total community biomass among more species when the scaling
power ranges from 1 to 2 [10,13,22]. Third, the positive biodiversity—biomass
relationship suggests that high species richness can stabilize communities by
increasing total biomass, a phenomenon termed the overyielding effect [3,13].
Although these biotic mechanisms have been proposed to stabilize communities
in theoretical analyses [10,12,20,23-25] and have been evidenced by single-site
observational [8] and experimental [14,15,17,26] studies, as well as meta-analyses
[16,21,27,28], they are still argued to be irrelevant in natural communities, especially
at large spatial scales [2,29,30]. Community stability can vary spatially, potentially
owing to spatial variations in abiotic and biotic factors. For example, a study in
North America showed that community stability of grassland was lower than
that of desert and forest because of its intermediate precipitation CV and potential
productivity [7], suggesting that both abiotic and biotic factors affected community
stability in natural ecosystems. Biotic stability mechanisms may be sensitive to
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climatic variation [27,28,31-34], masking their relevance in natu-
ral ecosystems. This environmental dependency suggests that
stabilizing effects of biotic mechanisms on communities may
vary across sites and ecosystems, and thus stabilizing effects
found in a single-site study may not extrapolate to multiple
sites across larger spatial scales. In addition, abiotic factors can
affect community species composition [17,35] or even outweigh
biotic factors in driving species richness [1,27,36] and species
dynamics [28,31] at the regional scale, thus further modifying
biotic stability mechanisms. Finally, abiotic factors may exert
their influence on community stability via biotic factors or, in
other words, biotic mechanisms may mediate the effects of abio-
tic factors on community stability. Therefore, investigating how
biotic mechanisms affect community stability under varied
environmental conditions and community species richness and
composition in a multi-site study may give us deeper insights
into biotic stability mechanisms in natural ecosystems than do
single-site studies.

We conducted a multi-site observational study for five
consecutive years across Inner Mongolian grassland in
China (total area 78.8 million hectares [37]) (electronic sup-
plementary material, figure S1). The 23 study sites were
characterized by large between-site variation in climatic
factors (e.g. precipitation and its interannual variation) and
biotic factors (e.g. community biomass and species richness
and composition) (electronic supplementary material,
table S1 and figure S1). The Inner Mongolian grassland is a
typical part of the Eurasian grassland biome and crucial in
providing biological products and services to human popu-
lations living there [33,38]. In this region, precipitation is the
dominant driver of biomass [8,33,36,39,40], species richness
and species composition [36,41] in communities. Observa-
tional studies have shown that precipitation in Inner
Mongolian grassland has dramatically changed during the
past decades [42,43], while the ecological consequences of
precipitation changes are still not fully understood. To investi-
gate the community stability in this region, we employed a
novel theoretical model relating its inverse (the community
temporal CV) to species synchrony and weighted (by relative
species biomass abundance) average species temporal CV,
synthesizing the mean-variance scaling effect and the
overyielding effect [13] (electronic supplementary material,
appendices A.1 and A.2). We analysed whether the commu-
nity stability and its biotic mechanisms depended on climatic
factors (precipitation and its interannual variation) and how
community stability was affected by those biotic mechanisms
and species richness. We separated the Dbiotic stability
mechanisms into different species-abundance groups (elec-
tronic supplementary material, appendices A.3 and A.4) and
hypothesized that community stability was more strongly
affected by the most abundant, i.e. dominant, species than by
total plant species richness. This is because abundant species
contribute strongly to dynamic processes in communities of
high unevenness [13,25,44] and the studied region is character-
ized by such high unevenness of species biomasses [8,33]
(electronic supplementary material, figure S2).

2. Material and methods
(a) Study sites

The Inner Mongolian temperate grassland has a continental
monsoon climate with a short and cool growing season (from

May to October) and a long and cold non-growing season n

(from November to April) [36,45]. During the period of this
study (from 2012 to 2016), the mean growing-season precipi-
tation ranged from 186.2 to 398.0 mm, corresponding to about
90% of the annual precipitation (electronic supplementary
material, table S1).

The Inner Mongolian grassland includes three main veg-
etation types: meadow steppe, typical steppe and desert steppe
(electronic supplementary material, figure S1). The meadow
steppe is dominated by perennial grasses such as Stipa baicalensis
and Leymus chinensis and perennial forbs such as Convolvulus
ammannii. The dominant species of the typical steppe are peren-
nial grasses such as Stipa grandis, Leymus chinensis and Stipa
krylovii. The desert steppe is dominated by perennial grasses
such as Stipa caucasica and perennial forbs such as Allium polyrhi-
zum (electronic supplementary material, table S1).

In this region, aboveground community biomass varied con-
siderably from 20.9 to 180.9 g m™ and species richness ranged
from 6 to 25 (electronic supplementary material, table S1). The
lowest community biomass (20.9-43.7 g m™) and species rich-
ness (6-13) occurred in desert steppe and the highest values in
meadow steppe (101.6-180.9 g m™ for biomass and 11-25 for
richness) (electronic supplementary material, table S1).

(b) Plant community survey and climate data collection
In 2012, we established a 23-site observational study along a
transect across the Inner Mongolian grassland of China (latitudes
ranged from 39.34 to 49.96°N and longitudes from 107.56 to
120.12°E) (electronic supplementary material, table S1 and
figure S1). We recorded the geographical location (latitude and
longitude) of these sites and resampled them in the following 4
years (2013-2016), resulting in a 5-year-long time series of field
observations. For more than half of our sites (13 out of 23
sites), data for the whole 5 years were collected. For some sites
(10 out of 23 sites), only data for 3 or 4 years were collected
(two sites with data for 3 years because of land-use change
and eight sites with data for 4 years because of mowing before
the community survey could have been done) (electronic sup-
plementary material, figure S3). A recent 39-site meta-analysis
showed that investigating biodiversity—stability relationship
with time series of less than or equal to 4 years can produce
similar results to those using longer time series [46]. In addition,
multiple short time series to some extent may compensate
few long time series. We, therefore, expected that our dataset
could provide reliable insights into the biodiversity—stability
relationship of the studied region.

Plant communities were surveyed between late July and
early August in each year with a method that has a well-
documented efficiency to estimate aboveground biomass and
plant species richness in grassland ecosystems [36,40,47]. To
appropriately represent the natural community, the surveyed
plant community at each site was randomly selected in each
year, excluding areas with anthropogenic disturbances, e.g.
heavy grazing or mowing. We positioned a plot of 10 x 10m at
each site and surveyed three 1 x 1 m quadrats along the diagonal.
Subsequently, all living plant material in each quadrat was har-
vested and sorted into species. All material was oven-dried and
weighed to obtain aboveground biomass and calculate effective
species richness based on species biomass abundance (see below).

To obtain site-specific precipitation data, we collected the
monthly climatic data from 119 climate stations across Inner
Mongolia, and then calculated site-specific monthly precipitation
using a kriging method with a 2 km resolution digital elevation
model in ArcGIS software (Environmental Systems Research
Institute, Redlands, CA, USA). A previous study has shown
that the data interpolated using this method correlate well with
in situ measured climatic data [47]. Using these interpolated
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site-specific precipitation data, we calculated the mean growing-
season precipitation and its interannual variation (estimated
as the temporal CV). In this study, we used these growing-
season climatic variables because plants were most active
during this period.

(c) Definitions of biotic stability mechanisms and
species diversity indices

Based on a recent theoretical model, we related the community
temporal CV to the species synchrony and the weighted average
species temporal CV [13,25] (electronic supplementary material,
appendices A.1 and A.2). In the current study, these two terms
were estimated with either all species or only dominant species
(relative species biomass greater than or equal to 5%), defined as
the dominant species synchrony and the weighted average domi-
nant species temporal CV (electronic supplementary material,
appendices A.3 and A4). According to a recent theoretical
study, the weighted average species temporal CV can be affected
by the mean-variance scaling relationship and the overyielding
effect [13]. Here, the mean—variance scaling relationship is defined
as the power function between temporal variance and mean bio-
mass [13,21] and overyielding is defined as a positive effect of
species richness on biomass [3,13]. The theoretical model shows
that these two biotic stability mechanisms can interactively affect
the weighted average species temporal CV, thus underpinning
the effects of species richness [13]. In addition, the theoretical
model suggests a weak effect of species richness on the weighted
average species temporal CV when the mean-variance scaling
relationship has a coefficient close to 2 [13].

In the current study, species richness was defined as the
multi-year average number of species recorded in a 1 m” quadrat.
Considering the high unevenness of species biomasses in the
studied grassland communities, we also used a measure of effec-
tive species richness, the antilog of the Shannon-Wiener
diversity. This measure reflects how many species with an even
abundance distribution would produce the same Shannon-
Wiener diversity as observed for the actual uneven community
[48]. These two methods were also used to estimate the species
richness and effective species richness of the dominant species.

(d) Statistical analysis

The community temporal CV was estimated using aboveground
biomass over the 5 years of the survey without detrending because
biomass had no significant linear temporal trend (assessed using
linear regression between biomass and year) except for one of
the 23 study sites (electronic supplementary material, table S2).
Taylor’s power law [21] was used to estimate the mean—variance
scaling coefficient (electronic supplementary material, figure S4).
We did not explicitly estimate the strength of the overyielding
effect [3] as we had no monoculture treatments, but could detect
it via positive slopes of linear regressions between biomass as
dependent and species richness as the independent variable (elec-
tronic supplementary material, figure S5).

We calculated the correlation coefficients between the cli-
matic factors (precipitation and its interannual variation), biotic
factors (species richness and effective species richness), biotic
mechanisms (mean—-variance scaling, weighted average species
temporal CV and species synchrony) and the community tem-
poral CV to develop causal hypotheses about relations between
variables. Individual relationships were plotted and analysed
with linear regression to assess how climatic and biotic factors
directly influenced biotic stability mechanisms and the commu-
nity temporal CV, and how biotic stability mechanisms directly
influenced the community temporal CV.

To combine causal hypotheses about direct and indirect
effects, we incorporated them into structural equation models

(SEMs) and displayed their results with path-analysis graphs, n

using the lavaan package [49] of R 3.4.0 [50]. Specifically, we con-
structed SEMs that deliberately stayed as close as possible to a
priori hypotheses proposed to be essential biotic stability mechan-
isms [13,19,20,27]. We did this even at the cost that the overall
model fits might show significant deviations from a saturated
model. Modelfit statistics such as y*-tests or the goodness-of-fit
index (GFI) comparing the deviation of a current SEM to a full
SEM without residual degrees of freedom were only used as an
additional guide, but we avoided searching for a best model
post hoc (electronic supplementary material, appendix B).

All the above analyses were carried out with all species or
only the dominant species included in biodiversity measures
and biotic stability mechanisms, i.e. synchronous dynamics and
weighted average species temporal CV of dominant species. All
statistical analyses were conducted using R 3.4.0 [50] with the
graphics package for plotting figures. For the correlation analyses,
regression analyses and SEMs, relationships and pathways were
considered significant if p <0.05.

3. Results

(a) Effects of climatic factors on species diversity

The mean growing-season precipitation and its interannual
variation were strong drivers of species diversity of the
studied Inner Mongolian grassland sites. Specifically, both
species richness and effective species richness were positively
associated with growing-season precipitation (figure 1a).
In addition, the richness and effective richness of dominant
species were negatively associated with the interannual
variation in growing-season precipitation (figure 1b).

(b) Effects of climatic factors, species diversity and
biotic stability mechanisms on the community

temporal coefficient of variation
The community temporal CV was significantly affected by
climatic factors but independent of species diversity. Specifi-
cally, growing-season precipitation had a negative effect on
the community temporal CV, while its interannual variation
had no significant effect (figure 1). In addition, species rich-
ness and effective species richness of all and of dominant
species did not significantly affect the community temporal
CV (figures 1 and 2a—d).

The community temporal CV was positively related to the
mean—variance scaling exponent, the weighted average
species temporal CV and species synchrony of all and of
dominant species (figures 1 and 2e-h).

(c) Effects of climatic factors and species diversity on
biotic stability mechanisms

The weighted average species temporal CV of all species was
not significantly influenced by growing-season precipitation
but if it was calculated only for dominant species a negative
relationship was found (figures 1 and 3a,b). Furthermore, the
weighted average species temporal CV of all and of only the
dominant species was not significantly related to the corre-
sponding measures of species richness (figures 1 and 3c—f).
However, the weighted average species temporal CV of all
and of only the dominant species was positively associated
with the mean-variance scaling exponent (figures 1 and 3g,h).
The mean-variance scaling exponent was independent of
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Figure 1. Correlation matrix for climatic factors (mean growing-season precipitation and its interannual variation), biodiversity indices (species richness and effective
species richness), biotic stability mechanisms (mean—variance scaling exponent, weighted average species temporal coefficient of variation (CV) and species syn-
chrony) and community temporal CV. (@) Correlation matrix for variables calculated with all species and (b) correlation matrix for variables calculated only with
dominant species (except climatic factors and community temporal CV). Black numbers with coloured background represent significant (p < 0.05) correlations and
grey numbers with white background represent non-significant (p > 0.05) correlations. (Online version in colour.)

climatic factors, i.e. the growing-season precipitation and its
interannual variation, and species diversity indices measured
with all species or only with dominant species (figure 1).
We did not explicitly estimate the overyielding effect [3]
but found significantly positive species richness—community
biomass relationships at nine out of 23 sites (and only at
one site was the relationship significantly negative; electro-
nic supplementary material, figure S5), indicating that
overyielding effects did occur.

Both the community-wide species synchrony and the
dominant species synchrony were positively affected by the
interannual variation in growing-season precipitation
(figures 1 and 4a,b). In addition, the community-wide species
synchrony was negatively associated with effective species
richness (figures 1a and 4e). The dominant species synchrony
was negatively associated with both the dominant species
richness and dominant effective species richness (figures 1b
and 44,f).

(d) Relating the community temporal coefficient of
variation to climatic factors, biodiversity and biotic

stability mechanisms
To test the hypotheses that the weighted average species tem-
poral CV and species synchrony directly influenced the
community temporal CV, we conducted path analysis to relate
the community temporal CV to climatic factors, species diversity
indices and biotic stability mechanisms using SEMs (electronic
supplementary material, appendix B, table S3 and figure S6).
This path analysis did confirm the hypotheses and had a total
explanatory power of 0.87 (electronic supplementary material,
appendix B; figure 51). In addition, the mean—variance scaling
exponent and the interannual variation in growing-season pre-
cipitation increased the community temporal CV indirectly via
increasing the weighted average species temporal CV and the
species synchrony, respectively (electronic supplementary

material, appendix B; figure 5a). Effective species richness
indirectly reduced the community temporal CV via decreasing
species synchrony in this model (figure 52). When we replaced
effective species richness with species richness its effect on
species synchrony was no longer significant (figure 5c).

(e) Effects of dominant species on the community

temporal coefficient of variation

Based on the above SEMs, we furtherly analysed the effect of the
dominant species alone on the community temporal CV by
replacing community-wide biotic stability mechanisms and bio-
diversity indices with their counterparts calculated only with
dominant species. These analyses showed that the weighted
average dominant species temporal CV and the dominant
species synchrony positively affected the community temporal
CV with a total explanatory power of 0.68 (figure 5b,d). The
mean-variance scaling exponent increased the community tem-
poral CV via increasing the weighted average dominant species
temporal CV; and growing-season precipitation decreased the
community temporal CV via reducing the weighted average
dominant species temporal CV (figure 5b,d). Furthermore,
both the effective richness (figure 5b) and the uncorrected rich-
ness of dominant species (figure 54) decreased the community
temporal CV via reducing the synchrony of dominant species.

4. Discussion

In the present study, we investigated stabilizing effects of
biotic mechanisms on natural community biomass at the
regional scale of Inner Mongolia and analysed their depen-
dencies on climatic factors, species diversity and dominant
species dynamics. We found that the investigated biotic
mechanisms strongly affected community stability in the 23
natural grasslands across a gradient of yearly precipitation
and its variation. However, in contrast to expectations
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based on previous studies [27], the latter had negative rather
than positive indirect effects on community stability because
yearly precipitation fluctuations increased rather than
decreased the synchrony of population dynamics of the
different species within communities. This could compromise
the reliability of the studied Inner Mongolian grassland in
providing biological products and services to human popu-
lations under the ongoing increasing precipitation
variability [42,43], as we discuss further below.

(a) Biotic stability mechanisms and the importance of

dominant species in grasslands of Inner Mongolia
A recent theoretical analysis showed that both non-significant
and negative biodiversity—stability relationships were poss-
ible when species synchrony, mean—-variance scaling
and overyielding interactively affected community stability
[13]. In the present study, both species synchrony and the
mean-—variance scaling had significant effects on community
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stability. Furthermore, nine out of our 23 study sites showed
significantly ~positive biodiversity-biomass relationships
indicating overyielding (electronic supplementary material,
figure S5). Community stability was independent of overall
species richness but indirectly positively affected by a
higher richness of dominant species, which decreased domi-
nant species synchrony, which in turn decreased the
community temporal CV. This indicates that in natural com-
munities with highly uneven abundance distributions, rare
species, which might be sink species not able to maintain
independent populations in the community, can mask the
influence of biodiversity variables on biotic stability mechan-
isms. Generally, theoretical and empirical studies predicted
and found positive effects of species richness on community

stability [14,15,27,28,32]. No effects have been reported from
a recent single-site study in the same region as that of our
study [33], potentially again for the above reason of highly
uneven species abundance distributions in these grasslands.

Previous theoretical work found that unevenness can
indeed weaken biodiversity—stability relationships [9,22],
because the most diverse components of a community,
namely rare species, may have limited effects on community
stability owing to their low abundances [51]. This theoretical
prediction is supported by a growing number of experi-
mental investigations, as well as the current study, showing
weak or non-significant biodiversity—stability relationships
when dominant species regulate community stability
[32-34,52-55]. In the present study, the dominant species as
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Figure 4. Species synchrony in relation to the interannual variation in precipitation (precipitation CV), species richness and effective species richness (a,c and e,
respectively) and dominant species synchrony in relation to precipitation CV and richness and effective richness of dominant species (b,d and f, respectively). Black
solid lines represent significant linear relationships (p < 0.05) and grey dashed lines represent non-significant linear relationships (p > 0.05).

a group had low but variable richness across the 23 sites
(1-5 species per square metre, accounting for 64.2-96.8% of
community biomass; mean 82.8%) (electronic supplemen-
tary material, table S1). The weighted average dominant
species temporal CV and the dominant species synchrony
significantly impacted the community stability, with an
explanatory power slightly lower than that of using
community-wide counterparts and much higher than that
of common- and rare-species groups (electronic supple-
mentary material, figures S7 and S8). This suggests that
theoretical studies assuming evenly distributed species abun-
dances [10,12,18,23] may overestimate the regulatory effect of
overall species richness on community stability, or, in other
terms, that especially in natural ecosystems with highly
uneven species abundance distributions it may be more
appropriate to base predictions of community stability on
the richness and population dynamics of the dominant
species, as suggested above.

The weighted average species temporal CV provided the
most important biotic stability mechanism across the 23 sites
of the Inner Mongolian grassland, which was independent of
overall or dominant species richness but was positively
associated with the mean-variance scaling exponent. The
mean—variance scaling has commonly been omitted in pre-
vious studies [26,32,33], while our results indicate that this

biotic stability mechanism generally exists in natural grass-
land communities. Indeed, a recent theoretical analysis
showed that the mean—variance scaling can determine the
sign of the relationship between species richness and the
weighted average species temporal CV [13]. The authors of
that analysis found that species richness will negatively
impact the weighted average species temporal CV when the
mean-—variance scaling has an exponent ranging from 1 to 2
[56]. However, a positive effect will occur when it is greater
than 2 (some studies showed that such high values are not
impossible, see e.g. [57,58]). In the present study, the esti-
mated mean-variance scaling exponent had a mean value
of 1.72 (ranging from 1.41 to 1.98). This value is consistent
with the commonly considered range of 1-2 and the reported
value (1.73) in a recent single-site study in this region [34].
However, this value is close to 2, and thus may in part explain
the non-significant relationship between the weighted aver-
age species temporal CV and species richness.

The weighted average species temporal CV was strongly
affected by the dominant species group and independent of
the most diverse component of the community, the rare-species
group (electronic supplementary material, figure S7), which was
likely responsible for the lack of significant effects of total species
richness. In addition, we found that higher growing-season pre-
cipitation can stabilize communities via decreasing the weighted
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Figure 5. Path-analytic representations of structural equation models (SEMs) for relating the community temporal coefficient of variation (CV) to climatic factors
(mean growing-season precipitation and its interannual variation), biodiversity indices (species richness and effective species richness) and biotic stability mech-
anisms (mean-variance scaling exponent, weighted average species temporal CV and species synchrony). (a) The best SEM based on our a priori hypotheses
and statistical analysis (electronic supplementary material, appendix B, table S3 and figure S6), and (c) an SEM model in which effective species richness is replaced
with uncorrected species richness. (b,d) SEMs corresponding to those in (a,c), respectively, but where biodiversity indices and biotic stability mechanisms were
calculated only with dominant species (dominant species richness, the effective richness of dominant species, weighted average dominant species temporal CV
and dominant species synchrony). Solid and dashed arrows represent positive and negative paths, respectively. Arrows with black numbers and asterisks represent
significant paths (p < 0.05). Arrows with grey numbers represent non-significant paths (n.s., p > 0.05) that were nevertheless included in the SEMs because they
corresponded to a priori hypotheses for causal relationships. All arrows are scaled in relation to the strength of the relationship, with numbers showing the standard
path coefficients (i.e. indicating by how many standard deviations (s.d.) the variable at the end of an arrow would change if the variable at the beginning of the
arrow would be changed by 1s.d.). R* values are proportions of variance explained by dependent variables in the model. Modelfit statistics such as y*test and GFI
are shown in each panel. The significance level of each path is indicated by the number of asterisks (*P < 0.05, **p < 0.01, ***p < 0.001). (Online version

in colour.)

average dominant species temporal CV. This is because of its
stronger stimulation of the mean biomass than of its standard
deviation (electronic supplementary material, figure S9), there-
fore, decreasing the standard deviation-to-mean ratio. More
importantly, dominant species showed higher stability than
other species (electronic supplementary material, figure S10),
indicating that they are better able to maintain a stable biomass
in a fluctuating environment than other species, potentially
owing to their better abilities in acquiring nutrients, water and
light via well-developed root systems and taller canopy
[17,59,60]. Thus, these findings suggest that in the studied grass-
land communities dominant species are more important than
other species for stabilizing community biomass.

(b) Yearly variation in precipitation synchronizes species
and increases community temporal variation in

grasslands of Inner Mongolia
To our knowledge, the current study is the first to find that pre-
cipitation variability can destabilize rather than stabilize natural

grassland communities by increasing species synchrony,
suggesting it may be responsible for the impaired stabilities of
communities and vegetation activities under high precipitation
variability in previous region-scale investigations [6,47]. Our
results contrast with the results of a recent meta-analysis of
nine sites across grasslands of North America, which found
that there precipitation variability stabilized communities by
promoting compensatory dynamics [27]. This discrepancy
may be due to drier average conditions of the 23 sites here
studied across the Inner Mongolian grassland (precipitation
ranged from 186.2 to 398.0 mm), leading to a positive correlation
between precipitation and biomass for all or at least most
species [41], whereas under wetter average conditions in
North American grassland (precipitation ranged from ca 250
to ca 900 mm at the sites analysed in [27]) some species may
actually increase in biomass in drier than average years, thus
maintaining more constant community biomass. Therefore, the
pattern observed in the present study may also be characteristic
for even drier regions with semi-arid and desert ecosystems.

In addition, the current study is also the first to quantify
how different species-abundance groups affect species syn-
chrony and found that here only dominant species impacted
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species synchrony significantly (electronic supplementary
material, figure S8), potentially owing to differences in their
responses to environmental fluctuations (electronic sup-
plementary material, figure S3). Recent theoretical analyses
have indicated that high unevenness of species abundance dis-
tributions can weaken the dependence of species synchrony on
species richness and cause it to be strongly driven by a few
abundant species [13,25]. Such a theoretical prediction has
been supported by long-term (more than 20 years) single-site
observational studies in grasslands of Inner Mongolia and
the Qinghai-Tibet Plateau showing that compensatory
dynamics between key functional groups maintain a stable
community biomass [8,17]. Our results support such a theor-
etical prediction as well. Thus, the current study not only
suggests that the strong dependence of species synchrony on
few abundant species may be general in natural ecosystems
characterized by high unevenness, but also provides a tool to
examine and quantify this dependence.

In the current study, we investigated stabilizing effects of
biotic mechanisms on temporal variation in plant community
biomass. We did not quantify the effects of anthropogenic dis-
turbances, e.g. grazing and mowing, although they can be
large [16]. It is, of course, conceivable that anthropogenic dis-
turbances can reduce the richness of dominant species within
grassland communities and affect other variables in the

systems depicted in our SEMs, thereby indirectly affecting [ 9 |

grassland stability in Inner Mongolia. Indeed, Inner Mongo-
lian grassland has been seriously disturbed by livestock
overgrazing and coal mining during past decades [37,45,61].
Furthermore, predictions for the future climate include
increased precipitation variation [42,43], which could decrease
grassland stability, as shown in the present study.

The datasets and R code used for this study can be
obtained from the Dryad Digital Repository: https://doi.org/10.
5061/ dryad.ht76hdrc5 [62].
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