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1 | INTRODUCTION

Community variability, the inverse measure of community stabil-
ity, is often measured using aggregated abundance or biomass of
all species through time (Olivier et al., 2020; Valencia, de Bello,
Galland, et al., 2020). Understanding drivers of community vari-
ability is crucial for predicting ecosystem function provision (lves
& Carpenter, 2007; Renard & Tilman, 2019). Theories predict that
community variability should be reduced in species-rich communi-
ties relative to species-poor communities (Doak et al., 1998; Ives
& Carpenter, 2007; Tilman, 1999). Two central mechanisms have
been hypothesized as the mechanistic basis of the relationship be-
tween community variability and species richness: (1) species syn-
chrony and (2) population variability (Downing et al., 2014; Thibaut
& Connolly, 2013).

Population variability represents the average variability of
the abundance of each species within a community and is ex-
pected to positively correlate with community variability (Thibaut
& Connolly, 2013). Theoretical studies indicate that species rich-
ness should have a positive effect on population variability within
competitive communities (Lehman & Tilman, 2000; Tilman, 1999).
Species synchrony, which captures the extent of correlations in the
abundance of different species within communities over time, is
known to increase community variability through weakened com-
pensatory dynamics (Thibaut & Connolly, 2013). Species synchrony
is expected to exhibit a negative relationship with species richness
as species have variable responses to environmental conditions, and
interspecific competition can be stronger in species-rich communi-
ties (Loreau & de Mazancourt, 2013; Tredennick et al., 2017).

Most studies examining relationships between species richness
and community variability have focussed on simplified ecosys-
tems with single trophic levels, typically primary producers such as
algae and vascular plants (Campbell et al., 2011; Gross et al., 2014;
Houlahan et al., 2018; Jiang & Pu, 2009; Xu et al., 2021). Whether
findings from these studies apply to consumers are unclear, but bio-
logical differences between consumers and primary producers have
been suggested to alter the impacts of species richness on ecosystem
properties (Duffy et al., 2007; Ives et al., 2005), with support from
meta-analyses finding that effects of species richness on ecosystem
functions varied across trophic levels (Gamfeldt et al., 2015; Griffin
et al., 2013; Hooper et al., 2012; Lefcheck et al., 2015; O'Connor
et al., 2017; Soliveres et al., 2016; Srivastava et al., 2009).

While primary producers rely on common resources such as
light, consumers have more dissimilar requirements among species
(Bengtssonetal., 1994; Duffyetal.,2007;lvesetal.,2005). Thisshould
lead to more differential responses to environmental conditions and,
therefore a more negative species richness-synchrony relationship
in consumers (Loreau & de Mazancourt, 2013). Alternatively, more
dissimilar resource requirements can reduce interspecific compe-
tition, leading to a less negative species richness-synchrony rela-
tionship in consumers (Loreau & de Mazancourt, 2013). However,
the latter is less likely, as differential responses to environmen-
tal conditions are known to be more important than interspecific

competition in regulating synchrony within natural communities
(Mutshinda et al., 2009; Thibaut et al., 2012; Tredennick et al., 2017).
Reduced interspecific competition among consumers can result in
a weaker increase in population variability along species richness
gradients (Lehman & Tilman, 2000; Loreau & de Mazancourt, 2013;
Tilman, 1999). Overall, net species richness effects on community
variability should be more stabilizing in consumer communities, as
reduced population variability and synchrony decrease community
variability.

Meta-analyses have provided support that species richness
stabilizes communities through reducing synchrony within com-
munities, while effects of species richness on population variabil-
ity can strongly vary across studies (Campbell et al., 2011; Gross
etal., 2014; Houlahan et al., 2018; Jiang & Pu, 2009; Xu et al., 2021).
These datasets, however, are strongly biased towards or only in-
volve primary producer communities, so the conclusions may not
apply to consumer communities. Pinpointing the mechanisms that
generate results variability across studies is hindered by a lack of
studies focussed on other organisms or bias in study design across
ecosystems. For example, in a recent meta-analysis (Xu et al., 2021),
only two multitrophic studies were available to evaluate the gen-
erality of species richness-synchrony relationships. For other re-
lationships, the effects of trophic complexity were confounded by
ecosystem type (aquatic/terrestrial) and investigational approach
(observational/experimental).

With the increasing availability of time series data globally
(Dornelas et al., 2018), general patterns between species richness
and community variability at large spatial scales and across multiple
taxa can be better identified. We conducted a cross-taxon analy-
sis on the open-access BioTIME database, including time series
data on birds, mammals, invertebrates and plants across the globe
(Dornelas et al., 2018) to examine drivers of community variability
for these taxa. A recent study using BioTIME detected weakly neg-
ative relationships between species richness and community vari-
ability but did not examine taxonomic differences in detail (Dallas &
Kramer, 2022). Here we used the BioTIME dataset to assess whether
the community variability and species richness relationship of pri-
mary producers (i.e. plants) can be generalized to different consumer
(i.e. animal) taxa while eliminating confounding factors that typically
exist in currently available meta-analyses (e.g. Xu et al., 2021).

Based on most previous theoretical (lves & Carpenter, 2007;
Lehman & Tilman, 2000; Loreau & de Mazancourt, 2013; Thibaut
& Connolly, 2013) and empirical findings (Xu et al., 2021), we hy-
pothesized that species richness would reduce synchrony and
community variability but increase population variability of dif-
ferent taxa. As consumers should have more dissimilar resource
requirements compared with plants (Duffy et al., 2007; Ives
et al., 2005), we expect species richness to have less positive im-
pacts on population variability in animal communities due to weak-
ened interspecific competition (Loreau & de Mazancourt, 2013).
Effects on synchrony should be more negative, driven by more
differential responses to environmental conditions (Loreau &
de Mazancourt, 2013). Ultimately this should lead to a more

85U80]7 SUOWILLOD dAREaID 8|qedt|dde ays Aq peusenob afe sejoie YO ‘8sN JO Se|nJ 10} Aeiq1T8ulUQ AB[IAA UO (SUORIPUOD-pUe-SLLIBYALI0D A8 1M A eIq U [UO//:SORY) SUORIPUOD PUe swile 18U 8eS *[€202/80/T2] uo Ariqiauluo A8jim ‘Buodi BuoH jo A1seAluN Aq 969ET IPP/TTTT OT/I0P/AW0D A8 | 1M AeIq 1 BuIUO//SdNY WOI) papeo|umod ‘. ‘€202 ‘Zravz.yT



TSANG ET AL.

stabilizing effect of species richness on the community variability

of consumers.

2 | METHODS

To examine the drivers of community variability of different taxa,
we utilized the open-access BioTIME dataset. The dataset includes
species abundance data from marine, freshwater and terrestrial
realms based on consistent methodology within each time series
(Dornelas et al., 2018). The most updated version (Downloaded on
18th December 2021) covers 17,655 plant, animal and fungi taxa
from 523,265 locations, totalling 8,552,249 abundance records. The
database has global coverage, although most data are from Europe
and North America.

We analysed time series that recorded count or density data
and spanned =5years to ensure temporal variability could be re-
liably quantified. Hereafter we collectively term these data as
abundance data. Additionally, we only included taxa with 210
studies for all analyses. This resulted in only terrestrial time se-
ries being analysed, as there were insufficient studies for marine
and freshwater primary producer communities, making compar-
isons with consumers from those environments difficult. An ad-
ditional advantage to analysing terrestrial time series is that the
environmental history of sites can be obtained through global land
cover datasets. This allows for the controlling of effects of long-
term directional changes in community composition generated by
other factors such as land-use change, which is recommended for
studies examining the effects of biotic variables on community
variability (Lep$ et al., 2019; Valencia, de Bello, Leps, et al., 2020;
Valerio et al., 2022). We only included communities that had <10%
changes in agricultural, urban and forest land within the study pe-
riod at the landscape scale, defined here as 96 km? grids the sites
belong to within a global hexagonal system (Barnes & Sahr, 2017).
This definition follows a previous study showing the impacts of
deforestation on terrestrial communities based on BioTIME at this
scale (Daskalova et al., 2020). To minimize temporal mismatches
with land cover data (see below), we only included data between
1992 and 2015. Furthermore, we excluded data if the grain size
of the communities were larger than the buffer (96 km?) used to
extract agricultural, urban and forest land cover. Our protocol
yielded data for four taxonomic groups (birds, mammals, terres-
trial invertebrates and plants). Taxa classifications followed the
BioTIME database.

We defined sampling strategies as methods to collect community
datain each survey. If two communities had the same sampling strat-
egy but were sampled in different years or had different sampling
efforts, we still considered them as having the same strategies. For
example, in a butterfly study with six sites, sampled through walking
a 700m transect, the start of the sampling period differed across
sites, and each year had a different sampling effort (Bonebrake
et al.,, 2016). We examined the data and pooled some studies ac-
cording to this definition (Table S1).

Coversty i pisribrions BNV TS

Communities within the same study were sampled in different
years in many studies. Therefore pooling data across communities/
locations to form aggregated time series would introduce tempo-
ral variability in community metrics due to differences in sampling
years. We then quantified temporal variability for each commu-
nity, defined as the smallest sampling units based on sampling de-
scriptions of each study, such that we avoided pooling data across
samples whenever possible. Additionally, we defined locations as
communities with unique coordinates and extracted abiotic data for
each location. The number of locations differed with the number
of communities, as some studies only provided approximate coor-
dinates for multiple samples. In total, we used 6763 communities
from 4345 locations and 50 studies for our analyses, with 3389 bird
communities (3382 locations, 13 studies), 2160 mammal communi-
ties (530 locations, 11 studies), 494 invertebrate communities (307
locations, 12 studies) and 720 plant communities (125 locations, 14
studies)—29 out of 50 studies contained annually surveyed data. By
contrast, others were sampled irregularly with a mean sampling in-
terval of 1.5years (see Table S1 and Figure S1 for a list of studies

included, their methodology and locations).

3 | ABIOTIC VARIABLES

We obtained land-use and climatic data at each location based on
available spatial coordinates to control for environmental varia-
tion between sites to avoid these variables confounding effects of
species richness, synchrony and population variability on commu-
nity variability. Global land cover data between 1992 and 2015 at
300m resolution were obtained from ESA CCI to obtain the extent
of agricultural, urban and forest cover for each location in different
survey years (https://www.esa-landcover-cci.org/?q=node/175). As
some spatial coordinates were approximate, we followed Daskalova
etal. (2020)'s methodology. We used a 96 km? hexagonal grid system
to obtain the agricultural and urban land cover proportion for each
community, although we did not combine community data within
the same hexagon. We then calculated the proportion of natural
habitats as 1 - ProportionAgriculture— Proportion,,... in each sampling
year, before averaging them for each community. Some datasets
provided a single spatial coordinate for communities from a large re-
gion (296 km?), and we obtained more accurate coordinates for each
sample by examining associated publications or sources (e.g. official
websites of LTER sites). If not possible, community data aggregated
across an area larger than 96 km? were excluded. We used the 0.5°
resolution climatic data from Jiang et al. (2017) since it provides in-
ter- and intra-annual climatic variability based on climatic data from
1901 to 2012. We obtained the annual mean of temperature and
precipitation, as well as their intra- and inter-annual variations at
each location.

Because of the coarse resolution, the land-use and climatic
variables included should be considered as reflecting the land-
scape and regional factors but not local environmental conditions.
Communities within the same hexagonal grid or sharing the exact
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coordinates would have identical regional abiotic conditions. Since
these community metrics were quantified at the smallest sampling
units, any signal from landscape or regional abiotic conditions would
indicate their effects in regulating community variability or its asso-
ciated mechanisms at more local scales.

4 | COMMUNITY METRICS

For communities in each study, we first pooled different samples
within each year. Thus, all metrics captured inter-annual but not
intra-annual signals. As some communities had varying sampling
efforts between years, each year's total count or species density
was divided by the number of surveys within each sampling year
before calculating any community variables. The number of sur-
veys was quantified as the number of unique sampling dates each
year. In all studies, only one taxonomic group was studied, so com-
munity metrics were never averaged across taxonomic groups. For
each study, we obtained all community variables at the smallest
sampling levels to minimize pooling across sampling units with dif-
ferent survey years. Note that some communities had different
values for community metrics but identical values for abiotic driv-
ers, as some studies provided only one set of spatial coordinates
for all communities.

We used the coefficient of variation (CV) to quantify temporal
variability, an inverse measure of stability, at community and popu-
lation levels. We chose to use CV as it facilitates comparisons with
previous studies. Increasing CV indicates higher variability, which
ranges from O to «. Community variability was quantified as the CV
of annual community abundance, while population variability was
quantified as averaging CVs of the annual abundance of each spe-
cies. For synchrony, we used Gross's synchrony since it is mathemat-
ically independent of species richness, and thus, the results would
not be affected by statistical artefacts (Blithgen et al., 2016; Gross
et al., 2014). Gross's synchrony ranges from -1 to 1, with increas-
ing values indicating more synchronous communities. Gross's syn-
chrony is undefined when only one species is detected throughout
the time series or if at least one species has the same abundance
throughout all years. Therefore 272 communities (~4%) were ex-
cluded from the analyses. Common species weighed more heavily
than rare species in synchrony and population variability metrics, as
we weighted species using their total abundance per sample across
sampling years (Table S2).

We also obtained average species richness across the years of
each community. Sampling effort (i.e. number of sampling dates)
could vary across years in the same time series; thus we constructed
rarefaction curves to obtain a standardized measure of species rich-
ness in each year before averaging. Specifically, we used the species
data from the smallest sampling unit of each year to build sample-
based rarefaction curves. We obtained rarefied species richness for
each year based on the lowest sampling effort along the time series.
The rarefied species richness of each year was then averaged and
used in subsequent analyses.

5 | STATISTICAL ANALYSES

Before analysis, we log-transformed (using a base of 10) rarefied
species richness to minimize the effects of extreme values, and CV
at community and population levels to reduce heteroskedasticity
using log(CV+1) (Gross et al., 2014). We also used principal com-
ponent analyses separately for precipitation and temperature vari-
ables, as they could be highly correlated. We extracted PCA1 scores
for temperature and precipitation for subsequent analyses, which
explained 76% and 69% of the data (see Table S3 for full results).
Both increasing PCA1 scores were associated with increasing annual
mean and inter-annual temperature variability or precipitation but
negatively related to intra-annual variability, indicating the tropical-
ity of the climatic regime.

We built structural equation models to examine the direct and in-
direct effects of species richness and abiotic variables on community
variability for different taxa separately (see Figure S2 for the hypoth-
esized SEM). We used the package piecewiseSEM (Lefcheck, 2016) to
build structural equation models, as it allows the inclusion of ran-
dom effects to control for sampling nonindependence among our
datasets. This technique combines the results of different individual
models to form an overall structural equation model; in our case,
each model was a mixed model. Following van Klink et al. (2019),
we built four individual models for each taxonomic group, with re-
sponses being community and population variability, synchrony and
species richness. In the community variability model, we included
species richness, population variability and synchrony as predictors.

By contrast, species richness was the only community metric
included as a predictor in the synchrony and population variabil-
ity model. For all individual models, we included the proportion
of natural habitats within the 96km? hexagonal cells, temperature
and precipitation PCA1 scores, and the number of sampled years
as covariates to control for their potential effects on synchrony,
population and community variability metrics. In the plant SEM,
we removed the proportion of natural habitats, as it was colinear
with temperature PCA1 (r=-0.71) (Dormann et al., 2013) and VIF
exceeded 2 in some mixed models (Zuur et al., 2010).

To control for spatial autocorrelation, we first assessed the spa-
tial blocking structures of each study by examining their sampling
descriptions within the database and the associated publications
and mapped the locations of each sample. Spatial blocking struc-
tures varied across taxa, ranging from no blocking to having sub-
blocks nested within blocks. Thus, the random effect structures also
changed across taxa, with the bird model only having the study as
the random intercept. By contrast, models for other taxa included
blocks nested within the study. For plants and mammals, subblocks
were further nested within blocks. Additional explanations on spa-
tial blocking were provided in Table S4. We prioritized the inclu-
sion of community metrics for random slope to reduce type-l and
type-1l errors (Harrison et al., 2018). Abiotic and methodological
variables were never added as random slopes, as they were only co-
variates, and adding too many predictors as random slopes can lead
to model convergence and/or overfitting issues (Barr et al., 2013;
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FIGURE 1 Structural equation models reveal the interplay between diversity, synchrony and population variability on community
stability. Positive and negative effects are indicated with black and orange arrows. Solid lines represent statistically significant results
(p<.05), while dash-dotted lines and dotted lines indicate marginal (.05 <p<.1) and insignificant (p>.1) results. Results of abiotic variables
and the number of sampled years are not presented here, as they were only covariates. For abiotic variable results, please refer to Table S5.
Allicons are from a public domain license and are available at Phylopic 2.0 (https://beta.phylopic.org/).

Matuschek et al., 2017). Nevertheless, this also meant that abiotic
and methodological variables may have inflated type-l and type-II
errors (Harrison et al., 2018). Therefore we only focussed on inter-
preting the results of community variables. No random slopes were
correlated with random intercepts to facilitate model convergence
(Matuschek et al., 2017). For all individual models, we started with
the maximal model, meaning that all random intercepts and random
slope of community metrics were included. In cases where there
were convergence or overfitting (as indicated by singular fit) issues,
we removed random effects with zero variances and refitted the

model again (Barr et al., 2013). If the issue persisted, we removed
the weakest random effect sequentially until no issues emerged.
Individual models' final random effect structures are presented in
Table S4. If the directed separation test indicated a missing relation-
ship between community synchrony and population variability, we
added a correlated error among them, as the causality of this rela-
tionship was unexpected from our model. To assess richness's net
effects on community variability, we built a linear mixed model with
richness, abiotic and methodological variables as predictors for each
taxon. The selection of random effect followed the protocols above.
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FIGURE 2 Results of the individual mixed model from SEMs on how synchrony regulates community variability in (a) birds (N=3389),

(b) mammals (N=2160), (c) invertebrates (N=494) and (d) plants (N=720). All y-axes are in the logarithm scale. The black lines indicate
predictions based on fixed effects only. Coloured lines are effects of species richness in each lowest level cluster (Birds: Study; Mammals:
Subblock; Invertebrates: Block; Plants: Subblock). Different colours within each panel present different studies. Note that identical colour
between panels represents different studies. Blocks, subblocks and data points from the same study have the same colour. All icons are from
a public domain license and are available at Phylopic 2.0 (https://beta.phylopic.org/).

No individual model showed significant Moran's | in Pearson's
residuals under a distance class of 1000km (p-values after Holm ad-
justment >.05), indicating weak spatial autocorrelation (Legendre &
Legendre, 2012). Individual linear mixed models were built using R
packagelme4 (Batesetal.,2015), while piecewiseSEM (Lefcheck, 2016)
was used to build structural equation models. We adjusted p-values
from the models using small-sample (CR2) corrections to address
heteroskedasticity using clubSandwich (Pustejovsky, 2022). iNEXT

was used to build rarefaction curves (Hsieh et al., 2016).

6 | RESULTS

In all structural equation models, species synchrony and popula-
tion variability increased community variability, with both pre-
dictors showing the highest standardized path coefficient and,
therefore relative importance in regulating community variability

(Figure 1, Table S5). Unstandardized path coefficients on synchrony-
community variability (Figure 2, Table S5) and population variability-
community variability relationships (Figure 3, Table S5) were similar
across taxonomic groups. However, results of standardized path
coefficients revealed more dissimilar results between plants and
animals (Figure 1). In plants (Figure 1d), the relative importance of
synchrony (standardized path coefficient=0.45) is 40% lower than
population variability (0.74). This is in contrast with other animal
groups, as in mammals (Figure 1b) synchrony (0.59) was more impor-
tant than population variability (0.21), while the relative importance
of synchrony (Birds: 0.53; Invertebrates: 0.92) was only 1% and 18%
weaker than population variability (Birds: 0.65; Invertebrates: 0.93)
in the other two taxa (Figure 1a,c).

Effects of species richness on synchrony were always positive
(Figure 4), although in three taxa, the effects were marginal (p=.05-
0.10, Figure 4b,d). In all taxa, these destabilizing effects through in-
creasing synchrony were opposed by negative correlations between
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FIGURE 3 Results of the individual mixed model from SEMs on how population variability regulates community variability in (a) birds
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species richness and population variability (Figure 5), which exhib-
ited a negative relationship in all animal communities (Figure 5a-c).
By contrast, a weaker negative relationship with marginal signifi-
cance (p=.081, Figure 5d) was detected in plants. The magnitude of
standardized path coefficients was consistently higher in richness-
synchrony relationships than in richness-population variability rela-
tionships, although the differences were minor in all taxa (0%-11%,
Figure 1).

Additional effects of species richness on community variability
unmediated by population variability and synchrony were mostly
negative (Figure 6), with this effect being minimal in mammals
(Figure 6b). The net stabilizing impacts of species richness were only
evident in plants, as we detected a negative relationship of species
richness on community variability in plants (p=.003) but not animals
(p>.3) (Table Sé, Figure S3) after removing synchrony and popula-

tion variability.

7 | DISCUSSION

By comparing community variability patterns across taxa, our results
demonstrate that species richness can drive destabilizing and stabi-
lizing mechanisms, as it increases synchrony but reduces population
variability. Other studies have also found that species richness-
synchrony and species richness-population variability relationships
have opposite effects on community variability (Xu et al., 2021). In
many cases, the net stabilizing effects of richness are driven by re-
ducing synchrony rather than population variability (Xu et al., 2021).
Thus, our results provide empirical support for how stabilizing ef-
fects of species richness (if any) can be facilitated by reducing popu-
lation variability, which can be countered by increasing synchrony,
and potentially explain the weak net impacts of species richness on
natural communities (Houlahan et al., 2018). We also identified in-

consistencies among taxa in the importance of synchrony relative to
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population variability, as reflected in their differences in standard-
ized path coefficients. Particularly, the importance of synchrony was
higher or comparable to population variability in all animal communi-
ties but not plant communities. These results indicate that trophic
differences can alter how community variability is regulated (lves
et al., 2005; Thébault & Loreau, 2005). Our use of terrestrial and
observational data generates stronger inferences about the effects
of trophic differences, as in previous studies, their results could be
confounded by investigational approaches and ecosystem types (Xu
etal., 2021).

Based on the insurance hypothesis, we expected diverse commu-
nities to exhibit lower synchrony. However, this was only observed
in mammal studies with higher species richness (Figure 4b), while in
other cases, the relationships between synchrony and richness were
positive. Previous meta-analyses have provided empirical support for
the hypothesis regardless of how synchrony was quantified (Gross
et al.,, 2014; Xu et al., 2021), although Houlahan et al. (2007) found

species tend to covary positively in natural communities. These pat-
terns may be explained by functional redundancy increasing with
species richness (Cooke et al., 2019), potentially promoting a posi-
tive richness-synchrony relationship by similar responses towards
changing environmental conditions (Downing et al., 2014). Biases
towards temperate regions in our dataset can also reduce interspe-
cific competition's importance (Paquette & Hargreaves, 2021), lead-
ing to more positive richness-synchrony relationships. The results
can also be explained by temporal scale, as increasing length of time
series shifts temporal dynamics from synchronous to asynchronous
(Downing et al., 2008). As synchrony tends to increase community
variability, our results suggest the richness-synchrony relationship is
unlikely to be a general mechanism stabilizing communities—instead,
it can destabilize some communities.

Effects of species richness on population variability were
negative, which is consistent with most observational stud-
ies (Houlahan et al., 2018; Xu et al.,, 2021) but inconsistent
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with theoretical models (Lehman & Tilman, 2000; Loreau & de
Mazancourt, 2013; Tilman, 1999) and experimental results (Xu
et al.,, 2021). One explanation is that findings from most exper-
imental communities or theoretical models are based on single
trophic levels, while in natural communities, species are also
experiencing trophic interactions, which can stabilize communi-
ties under field conditions (Brose et al., 2006; Jiang & Pu, 2009;
McCann, 2000). Particularly, if species richness increases weak
interactions in food webs, population variability should be re-
duced (Downing et al., 2014). The results do not support the hy-
pothesis that terrestrial environments should be characterized by
positive species richness-population variability relationships (Xu
et al., 2021). The hypothesis is based on terrestrial environments
lacking strong trophic interactions that destabilize communities
(Shurin et al., 2002; Shurin et al., 2006), such that the stabilizing
impacts of species richness through increasing weak trophic inter-
actions would be less pronounced. However, recent studies have

shown that trophic interaction strength strongly varies across
terrestrial environments (Zvereva & Kozlov, 2022), suggesting the
hypothesis may only apply to specific systems.

The net effect of species richness on community variability
in each taxon depends on the relative importance of synchrony,
population variability and effects of species richness unmediated
through these two components. Theoretically, the net effect of spe-
cies richness should also depend on whether species richness ex-
hibits a stronger effect on synchrony or population variability (Xu
et al., 2021). However, we found that the magnitude of standardized
path coefficients of richness-synchrony and richness-population
variability relationship is comparable in all taxa; thus, they are not
the primary driver explaining the variable net impacts across taxa.
Synchrony and population variability exhibited a stronger effect
on community variability, destabilizing communities of all taxa.
The two variables demonstrated high relative importance in each
taxon, supporting calls that both should be considered in community
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variability models (Eschenbrenner & Thébault, 2022; Thibaut &
Connolly, 2013).

Nevertheless, we note that the importance of synchrony was
more similar or even higher than population variability in animal
communities compared with plant communities. This finding is in-
consistent with recent studies suggesting synchrony is less critical
than population variability in animals compared with plants (Danet
et al.,, 2021; Eschenbrenner & Thébault, 2022). Empirical studies
on the relative importance of synchrony and population variabil-
ity across taxa are limited, with mixed results on the importance
of synchrony relative to population variability across trophic lev-
els (Eschenbrenner & Thébault, 2022; Lamy et al., 2020; Olivier
et al.,, 2020; Siqueira et al., 2022). The pattern shown here is unlikely
explained by animal communities having multitrophic structures, as
this should promote the importance of population variability over
synchrony (Eschenbrenner & Thébault, 2022). Additionally, our in-
vertebrate dataset is dominated by herbivores such as butterflies

and grasshoppers, therefore, single trophic communities. The dif-
ferential sample size is also unlikely to be the primary driver of the
results, as invertebrates (N=494) have a similar sample size to plants
(N=720), yet the importance of synchrony relative to population
variability in invertebrates is more similar to birds (N=3389) and
mammals (N=2160). Thus, we believe biological differences be-
tween animals and plants, such as more dissimilar resource require-
ments, can best explain our results (Bengtsson et al., 1994; Duffy
et al., 2007; Ives et al., 2005).

The primary aim of our study was to evaluate potential differ-
ences in community variability patterns across taxonomic groups
rather than a comprehensive test on the effects of diversity for
different taxa. The latter requires analysing additional metrics
that capture other dimensions of diversity (Olivier et al., 2020;
van Klink et al., 2019), including more varying environments such
that both year-to-year and long-term directional variability are ex-
amined (Lep$ et al., 2019; Valencia, de Bello, Leps, et al., 2020;
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Valerio et al., 2022) and conducting analyses at multitrophic
community levels, which is not possible with the BioTIME data-
set because most time series are focussed on single taxonomic
groups (Jiang & Pu, 2009; Xu et al., 2021). Particularly, asynchro-
nous dynamics between resources and consumers (Downing
et al., 2008) can be important in stabilizing natural communities,
yet taxon-specific analyses may fail to capture these processes.
However, analysing stabilizing effects of species richness for dif-
ferent organisms in specific environments can still be useful in as-
sessing generalities of different hypotheses related to community
variability, particularly when used for comparisons with previous
studies, which have typically focussed on species richness for in-
dividual taxonomic groups (Houlahan et al., 2018; Xu et al., 2021).
Additionally, taxon-specific analyses can be important in revealing
community variability patterns for managing specific taxonomic
groups, such as those that offer important ecosystem functions
(van Klink et al., 2019).

Despite being suggested as a statistical inevitability (Doak
et al., 1998), our results only detected an overall stabilizing effect
of species richness on community variability in plants only. Multiple
mechanisms exist for species richness to stabilize or destabilize
communities (Downing et al., 2014; Thibaut & Connolly, 2013), and
the varying importance of different mechanisms across taxonomic
groups further complicates the net effects of species richness.
Thus, our multi-taxa analysis questions the generality of the rela-
tionship between species richness and community variability, given
that empirical support is mostly from datasets based on or biased
towards primary producers (Houlahan et al., 2018; Xu et al., 2021).
It also suggests that high richness, especially of consumer taxa, is
unlikely to provide strong stabilizing effects in changing environ-
ments. Understanding how environmental conditions drive various
stabilizing and destabilizing mechanisms in different organisms,
especially synchrony and population variability, may provide more
robust insights into community variability. This can help explain or
predict the impacts of environmental changes on community vari-
ability of different taxa, which has been found to show inconsistent
responses in other multi-taxa studies (e.g. Blithgen et al., 2016,
Olivier et al., 2020).
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