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Abstract: Substantial evidence now suggests that a positive diversity-stability relationship exists.
Yet few studies examine the facets of biodiversity that contribute to this relationship, and empirical
research is predominantly conducted on grassland communities under controlled conditions. We
investigate the roles of species richness, environmental condition (vegetation cover), asynchrony, and
weighted population stability in driving community stability across multiple taxa. We used data from
a Long-term Ecological Research project to investigate temporal stability of annual plants, beetles,
reptiles, and rodents in Nizzanim Coastal Sand Dune Nature Reserve in Israel. All four taxa had a
strong positive relationship between asynchrony and community stability. Only rodents showed
a positive richness—stability relationship. Perennial plant cover had a significant relationship with
community stability for three taxa, but the direction of the correlation varied. Asynchrony had a
stronger relationship with perennial plant cover than it did with richness for both plants and beetles.
We suggest that community stability is driven by asynchrony for flora as well as fauna. Stability
appears to be determined by species’ interactions and their responses to the environment, and not
always by diversity. This has important consequences for understanding the effects of environmental
degradation on ecosystem stability and productivity, which have destabilizing consequences beyond
biodiversity loss.

Keywords: community stability; covariance effect; biodiversity; population stability; species richness;
species synchrony; diversity—stability relationship; coastal dunes; multi-taxa; cross-taxa congruence

1. Introduction

Substantial evidence has demonstrated that diversity stabilizes ecosystem function-
ing over time [1-7]. Meanwhile, the current degradation of ecosystems and resultant
losses of biodiversity reported globally could be reducing the capacity of ecosystems to
maintain stable levels of function and productivity [4,8-11]. Thus, understanding the
drivers of temporal stability has become critically important for conserving biodiversity
and ecosystem function.

Diversity-stability relationship (DSR) theories suggest that species richness can con-
tribute to community stability through various mechanisms, such as statistical averag-
ing [12], overyielding [4], species asynchrony and other species interactions [3,4,13-18].
Nevertheless, species-rich communities may be more susceptible to disruption of key
interactions and could, therefore, be less stable at the population level [7,19,20].

Community stability can be modelled as a function of species population stability
weighted by their dominance, and the covariance (synchrony) between species [18]. The
relative importance of different facets of biodiversity underlying the diversity—stability
relationship remains unclear [21]. Asynchrony has played a key part in theoretical studies
to predict DSR in modelled communities [4,18,21-24]. Yet only a handful studies have
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investigated the relationship between asynchrony and stability empirically [21,25-27]. The
dominance of a species is also likely to affect its contribution to overall stability [26,28,29].
Weighted population stability and asynchrony should therefore both affect community
stability. We investigate the balance between them in the context of DSR.

Stability cannot be understood outside the context of the environmental condition,
and examining DSR in real -world ecosystems has been recognized as a key research need
in ecology [30-32]. Yet most empirical studies of DSR focus on controlled, short-term,
and small-scale experiments, under standardized environmental conditions with constant
community composition, often only considering the role of species richness in driving
community stability [27,33].

Empirical support for the DSR in natural terrestrial ecosystems comes overwhelmingly
from plants in grasslands and trees in mixed forests, due to the relative simplicity of the
communities in these habitats [8,32,34-37]. The insights gained in considering cross-
taxon congruence have been highlighted in a range of studies, from the effect of spatial
heterogeneity on species distributions (e.g., [38,39], to anthropogenic disturbance and
fragmentation on species composition [40-42], and functional diversity [43]. Nevertheless,
few studies examine multiple taxa in natural systems in the context of DSR [27].

Studying stability in natural systems and across multiple taxa is challenging. Data
from Long-Term Ecological Research (LTER) networks (see https://www.ilter.network/
accessed on 28 June 2021) help to overcome this challenge [8,36,44,45]. We take advantage
of a multi-taxa coastal dune LTER site with a natural gradient of increasing perennial vege-
tation to examine the mechanisms through which environmental condition and richness
could affect the community stability of four taxonomic groups.

Coastal dune systems provide a convenient system for studying the impact of envi-
ronmental gradients on DSR because they are highly dynamic, relatively simple in terms
of species diversity and complexity, and for Mediterranean coasts, most species are well
documented [46]. In addition, coastal dunes are subject to a gradient of disturbance and
stress, coupled with increasing Perennial Plant Cover (PPC), and disturbance has been
shown to affect plant and animal community stability [47-50].

Given that shrub encroachment is a major issue for biodiversity loss in coastal systems
across the world [51-53], an investigation of the impact of perennial plant cover on stability
is important. Dunes with greater PPC are expected to have greater species diversity and
therefore, create more stable communities [54,55]. Conversely, shrub encroachment can
reduce species diversity and community stability in sand dune habitats [56,57]. Alterna-
tively, intermediate levels of plant cover could confer the highest levels of diversity [58,59],
and therefore, could be the most stable.

Only two research groups have explicitly investigated stability in relation to diversity
within coastal dunes [60-62], and both found evidence for a positive DSR for plant commu-
nities (dominated by perennial species with >10% annuals). However, the taxonomic scope
in these studies was limited to plants only. Moreover, these studies did not investigate the
underlying mechanisms of stability, such as asynchrony among species.

In this article, we empirically investigate the roles of species richness and environ-
mental condition (vegetation cover), and compare asynchrony and weighted population
stability in driving the community stability across multiple taxonomic groups.

2. Materials and Methods
2.1. Study Site

Biodiversity trends in Nizzanim coastal sand dune Nature reserve (NDNR) in Israel
have been monitored across four major taxonomic groups as part of a Long-Term Ecological
Research (LTER) project since 2004. The Nizzanim LTER is an ongoing collaborative
project that monitors plant, arthropod, rodent, and reptile diversity [53,57,63-67], and their
responses to restoration practices [57,63]. NDNR (31°42/-31°44’ N, 34°35'-34°36' E) is the
largest remaining natural coastal dune system in Israel, covering an area of 20 km?. The
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climate is Mediterranean, with an annual average temperature of 20 °C and annual rainfall
of 450 mm falling almost exclusively between November—April.

The LTER site consists of coastal sand dunes classified into three categorical states:
mobile, semi-fixed, and fixed dunes, which are separated by densely vegetated inter-
dune depressions [68-70]. The classification of fixation states is based on perennial plant
cover (PPC), sand movement, and visual indicators such as dune geomorphic structure,
perennial plant distribution, dominant perennial species, and soil characteristics [68,71-75].
Fixation state is a stronger explanatory variable than perennial plant cover alone [53,66]
likely due to these local scale factors [76]. However, PPC can be used as a continuous
environmental gradient that may affect stability dynamics, and so was the preferred
parameter for this study.

2.2. Collection Methods

The Nizzanim LTER has been monitoring 10 undisturbed dunes, including three
mobile, four semi-fixed, and three fixed, since 2005 (here we present 2006-2017). Each
dune was sampled yearly for all taxa (dunes for plants, beetles, reptiles, and rodents) using
various methods [57]: perennial plants were sampled using 100 m transects, annuals were
sampled in 40 x 40 cm quadrats, beetles were sampled with dry pitfall traps, rodents
were mark-recaptured using Sherman traps and their abundance was estimated using the
Lincoln—-Petersen Index [77], and reptiles were sampled using a combination of methods
and later combined to give a rank abundance measure between 1 and 5. Full sampling
methods are described in Supplementary Materials in Section S1.

There may be heterogeneity within dunes themselves; however, we did not consider
intra-dune differences here and all the data within a dune were pooled to provide a single
measure of stability /richness for each dune per taxa. Herewith, a “sample” refers to the
monitoring of a single dune in one year for a given taxa.

2.3. Measures of Stability

The most commonly used measure of community stability is temporal
variability [2,13,32,78-80]. A frequently used measure for temporal variability is the Coeffi-
cient of Variation (CV). This is the temporal standard deviation over the temporal mean
of abundance, such that a higher CV implies lower stability [81]. We used Community
variability (CVcomm) as an inverse measure of stability for each dune separately, referring to a
community as the assemblage of species in a single taxonomic group found on a single dune.

CVcomm ranges from 0 to 1 and is a measure of the standard deviation (s.d.) over the
mean (u):

CVcomm = s.dcomm / Pcomm 1)

CVcomm can also be derived using Thibaut and Connolly’s [18] function:
CVcomm = /¢ * CVpop_av.weighted ()

where ¢ (or Phi) is Loreau’s synchrony [14] and CVpop_av.weighted is the CV for each
species, weighted by its relative abundance and averaged across all species [18]. Synchrony
(¢) measures covariance among species within a community and ranges from 0 (highly
asynchronous) to 1 (complete synchrony) [14]. Note that a value of ¢ = 0.5 suggests that
any synchrony between species is random.

Dominant species contribute to CVpop_av.weighted, and dominance has been shown
to have an important role in regulating community stability [8,26,35,36,82]. Meanwhile,
communities with high levels of asynchrony could have higher community stability, irre-
spective of the stability of individual populations. Unless species abundances are perfectly
synchronous, CVcomm must be always be smaller than CVpop_av.weighted [27].

We tested the relationships between parameters using CVcomm, synchrony, and
CVpop_av.weighted as the inverse measures of community stability, asynchrony, and weighted
population stability, respectively, in order to maintain the calculations given in Equations (1)
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and (2). However, when discussing the significance of relationships, we refer to stability and
asynchrony, because conceptually they are easier to understand in relation to DSR theory.
Community stability is considered CVcomm ™!, population stability is CVpop_av.weighted !,
and asynchrony equates to 1 — ¢.

To exemplify the relationship between the various measures of stability, Figure 1 rep-
resents the simulated data for simple two-species communities, showing how community
stability can be affected by the balance between population stability and asynchrony (mod-
elled data is provided in Supplementary Materials Table S1). The temporal mean for overall
(community) abundance was u = 45 in all cases. Low population stability coupled with
low asynchrony (when species fluctuations are synchronized) created the most unstable
community (Figure 1a). The combination of high population stability coupled with low
asynchrony (Figure 1b) achieved the same degree of community stability as low population
stability coupled with high asynchrony (Figure 1c). High population stability together
with high asynchrony produced the most stable community in terms of overall abundance

(Figure 1d).
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Figure 1. Modelled abundances of two species (in red and blue) and their combined “community abundance” (in green),
showing how community stability can be affected by the balance between population stability and asynchrony. (a) Low
population stability and low asychrony, (b) high population stability and low asynchrony, (c) low population and stability
high asynchrony, (d) high population stability and high asynchrony. CVcomm can range from 0 to 1 and is the inverse of
community stability. The Temporal mean for each community (¢, pooled abundance) was 45. The Standard deviation
ranged between 3.0 and 3.5 for high population stability and between 9.50 and 10.0 for low population stability. Asynchrony
is measured as 1 — ¢, with high asynchrony ranging between 0.8 and 0.9 and low asynchrony ranging between 0.1 and 0.2.
Data used for these models can be found in Supplementary Materials Table S1.

2.4. Statistical Analysis

We used R version 3.4 [83] for all analyses. We ignored rare (low-abundance) species,
because they can create artefacts in the analyses despite not contributing a lot to community
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stability. Species that were sampled less than five years across the entire data set were
removed. Second, we only selected species that were present in any given dune at least
five times consecutively, or where any absences were not consecutive.

Due to the fact that stability is a single measurement across many years, our large
dataset was reduced to a single data point for each dune. This precluded the use of
structural equation models for our data. Instead, we used a series of linear regressions of
Y~X, where Y is dependent on X, using the stats package [83]. For annual plants, we found
that the relationships appeared unimodal for most parameters, so we also tested Y~X2,
where Y~X was not significant. Regression lines and standard error ranges for graphs
were plotted with a linear model smoothing function using ggplot2 [84].. We compared
the adjusted R? of each linear regression across different independent (X) parameters for
each given dependent (Y) parameter for each taxon. We did not compare the relative
contribution of X parameters to Y; rather, the X parameter with the highest adjusted R? for
a given Y was regarded as the parameter that explained the most variation of Y, and was
therefore considered the strongest predictor of Y.

3. Results

In total, data points were collected in 4176 quadrats for annuals, 4140 pitfall trap-nights
for beetles, and 5022 Sherman trap-nights for rodents, as well as 704 activity-transects,
352 track-transects, and 1760 pitfall trap-nights for reptiles. Overall, species richness was
highest for annual plant species (n = 63), of which 41 species were included in the analysis
after the exclusion of rare species. Beetles were the second most diverse group across all
dunes (n = 48 morphospecies), of which 32 were included in the analysis. Twenty reptile
species were recorded, of which 15 were included. Finally, a total of five rodent species
were found in Nizzanim LTER, of which three species were included.

Figure 2 shows the regressions for PPC and Average species richness (Richness)
against CVcomm for each taxon. Richness was not significantly correlated to community
variability (CVcomm) for any taxon except rodents (Figure 2c), such that increased richness
was associated with a decrease in CVcomm (an increase in community stability). Annual
plants also showed a unimodal trend for PPC, with intermediate cover associated with
the highest degree of community variability (Figure 2e). CVcomm for both rodents and
beetles significantly increased with increasing PPC (Figure 2f,g). Reptile stability showed
no correlation with either parameter (Figure 2d,h).

Plots of the regressions of CVpop_av.weighted and synchrony against community vari-
ability are given in Figure 3. As can be seen above, only beetles had a positive relationship
between Cupop_av.weighted and CVcomm (Figure 3b), while all four taxa had a significant
positive relationship between synchrony and CVcomm (Figure 3e-h).

Since there were many correlations between all the different variables across four
taxonomic groups, we provide a summary for each taxa in Figure 4, showing all signif-
icant correlations between parameters (including those shown in Figures 2 and 3), with
directionality depicted as arrows from the independent (X) to the dependent (Y) parameter
Regression outputs for all taxa are reported in Supplementary Materials Table S2. As
seen in Figure 4, each taxonomic group showed different strengths and directions for the
relationships among parameters.
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Figure 2. Regressions of (a-d) average species richness and (e-h) of perennial plant cover (PPC) against community
variability (CVcomm) for each taxon. Standard error ranges are shown for all significant regressions. Regression lines were
plotted using a linear model smoothing function. NB: an increase in CVcomm equates to a reduction in community stability.
Explained variation (R?) can only be compared across parameters within each taxon. ** p < 0.01.

Overall, no two taxa shared the same directionality in relationships across all parame-
ters. PPC had little effect on weighted population variability (CVpop_av.weighted) except
for annuals, where a unimodal bell-shaped curve was observed. For annuals, richness also
presented a bell-shaped relationship with CVpop_av.weighted, and the latter had a similar
bell-shaped curve with CVcomm.

Perennial plant cover (PPC) had a different relationship with synchrony depending on
the taxon. A positive relationship was found for beetles and rodents, whereas a U-shaped
response was present for annual plants, with intermediate cover associated with the lowest
degree of synchrony. Reptiles did not show any significant relationship between synchrony
and PPC; synchrony remained relatively high across all dunes, ranging between 0.7 and 0.8.

All four taxa were found to have a significant relationship between synchrony and
richness, but the directionality differed between taxa; a negative relationship was found
for beetles and reptiles, a positive correlation for reptiles, and a U-relationship for annuals.

Within each taxon, the adjusted R? (adj.R?) values for each regression were used as an
indication of which parameter explained the most variation for a given dependent variable.
Thus, PPC explained more variation than richness for asynchrony of annuals (ad]'.R2 =
0.75 and adj.R? = 0.56, respectively), and beetles (adj.R> = 0.67 and 0.55, respectively).
However, PPC explained less than richness for rodent synchrony (adj.R? = 0.70 and 0.91,
respectively) and reptile synchrony (adj.R? = 0.01 and 0.56, respectively).
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Beetles were the only taxon to show a significant positive correlation between CVpop_av.
weighted and CVcomm, but even for this taxon, there was a stronger adjusted R? for syn-
chrony and CVcomm.

All taxa displayed different relationships and directionality among parameters, except
for the relationship between synchrony and CVcomm. The key finding in our study was
that despite the differences in strengths and directions of relationships between other
parameters, the strongest positive relationship for all four taxa was consistently between
synchrony and CVcomm (as shown by the highest adj.R? for a positive correlation in a given
taxon as depicted by the star % in Figure 4a—d, and see Figure 3e-h). In other words, a
high degree of asynchrony was associated with the highest levels of community stability.
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Figure 3. Regressions of (a—d) weighted average population Coefficient of Variation (CVpop_av.weighted), and (e~h) Syn-
chrony (), against community variability (CVcomm) for each taxon. Standard error ranges are only shown for significant
regressions. Regression lines were plotted using a linear model smoothing function. Note an increase in CVcomm equates to
a reduction in community stability. Explained variation (adjusted R2) can be compared across parameters within each taxon.

**p < 0.01, ** p < 0.001.
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Figure 4. Linear regressions Im(Y~X?) for (a) annual plants, and Im(Y~X) for (b) beetles (c) rodents and (d) reptiles. Arrows

are drawn from independent (X) to dependent (Y) for all significant regressions (* p < 0.05, ** p < 0.01, *** p < 0.001);

Adjusted R? values are given and patterns depict directions of correlation: Solid = positive-linear, dashed= negative-linear,
dotted = U shaped unimodal, double-dashed = bell-shaped unimodal. Full regression outputs are given in Supplementary
Materials Table S2. % Depicts the strongest (highest R?) positive correlation for each taxon and is presented in full in

Figure 3e-h.

4. Discussion

Diversity—stability relationship studies often focus exclusively on richness and stabil-
ity, without considering the environmental factors or interspecific relationships that may
drive stability [21]. We investigated the roles of species richness, environmental condition
(perennial vegetation cover), synchrony, and weighted population variability in driving
community variability across multiple taxonomic groups. Our empirical data consistently
presented synchrony as the most strongly and positively correlated parameter for commu-
nity variability (CVcomm) for all taxa. In addition, synchrony was a better predictor from
community variability than weighted population variability, despite both parameters being
mathematically linked to community variability [18]. In stability terms (as the inverse
of variability), the asynchrony—community stability relationship was always significant
and positive across all taxa; a high degree asynchrony appeared to confer more stable
communities no matter which taxon and despite the different directionalities and strengths
in the relationships among all other parameters. In contrast, a positive diversity—stability
relationship (DSR) was only supported in rodents (a negative richness—CVcomm correlation
equates to a positive richness—community stability relationship).
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Asynchrony has been recognized as a key driver in theoretical and modelled DSR [18,24,85].
In empirical studies, asynchrony can play a key role in stabilizing real plant communities
in grasslands, but other studies had conflicting results [8,21,25,26,29,86,87]. Despite some
of the founding theory of DSR being focused on fluctuations of animal populations [88,89]
few studies have looked at animal stability in relation to asynchrony. Bliithgen et al. [27]
considered asynchrony in relation to community stability for plants, arthropods, birds, and
bats, and found (as we did) a consistent positive relationship between asynchrony and
community stability for animal and plant taxa in both grassland and forest systems. As
with our findings, they too suggest that asynchrony was a stronger driver of community
stability than richness directly.

In terms of asynchrony and richness, several empirical studies have also reported a
positive relationship in experimental [85] and naturally assembled grasslands [90], whereas
Bliithgen et al. [27] reported the opposite for grassland plants. We found support for a pos-
itive asynchrony-richness relationship for beetles and rodents (i.e., a negative synchrony-
richness correlation), whereas the asynchrony-richness relationship was negative for rep-
tiles and unimodal for annuals.

Asynchrony could be expected to increase with increasing richness due to processes
such as niche partitioning at the evolutionary scale or competitive exclusion at the ecological
scale [14,18,91]. The mechanisms for this relationship thus remain unclear. Asynchrony can
reflect either heterogeneity in species (functional) responses to environmental conditions
(response diversity), or simply their demographic stochasticity [8,12,27,29,32].

The degree to which asynchrony is linked to diversity has been shown to be influ-
enced by environmental condition in both empirical [86,90] and modelled [29] system:s.
Disturbance and stochastic environments are known to have direct as well as indirect
effects on the DSR via the changes they create in species richness, community composition,
and species traits [92,93]. Spatial heterogeneity in natural systems increases species diver-
sity and stability of birds [94], and riverine fish [95]. In our findings, the direction of the
relationship between asynchrony and PPC was dependent on the taxon, but all taxa had a
positive asynchrony—community stability relationship.

Environmental conditions can also be more important than richness in predicting
community stability across a range of ecosystems [33]. Eutrophication weakened the
stabilizing effect of richness on a grassland community by increasing the temporal variation
of productivity and decreasing species asynchrony in more diverse communities, rather
than by reducing diversity per se [34]. It is perhaps not surprising, then, that the DSR
was not supported in our findings for most taxa, whereas a significant effect of PPC on
community stability was found for three out of four taxa (all except reptiles).

The species richness gradient of annuals in the Nizzanim dunes was similar to other
sites along the coast of Israel, with the highest richness in fixed dunes, where the PPC
was also highest [57]. PPC had a significant U-shaped relationship with annuals” commu-
nity stability (depicted as a bell shape with CVcomm in Figures 2e and 3a), whereas the
richness—stability relationship was weak. Species asynchrony was also found to have a
unimodalrelationship with PPC, such that the lowest levels of asynchrony and stability
were found in semi-fixed dunes. Kuiters [62] found that plant stability in coastal dunes
was largely explained by diversity rather than by abiotic factors, but he mostly considered
perennial plants, which are not as vulnerable to environmental conditions.

Rodents were the only taxon to show a significant positive DSR in Nizzanim, and
it was a stronger predictor than PPC. It is apparent that the stabilizing effect operated
through the effect of richness on asynchrony; rodent communities in Nizzanim Dunes
Nature Reserve have very low overall richness and are almost exclusively dominated
by two species: the Greater Egyptian gerbil, Gerbillus pyramidum, and Allenby’s gerbil,
Gerbillus andersoni allenbyi, comprising 98.5% of rodent captures (with three other species
presenting 1.5% of the captures). An increase from one to two species was positively
associated with a significant increase in rodent community stability. These species are
known to have low covariance due to spatio-temporal niche differentiation [96,97].
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Reptiles did not appear to be as influenced by PPC as other taxa, both in terms of
asynchrony and stability. Asynchrony was in general quite high across all sites for reptiles,
which could infer a high degree of niche differentiation for this taxon irrespective of plant
cover. Alternatively, there may be some dampening of the range of values for covariance
due to the ranking methodology that was applied.

Dominance of species in their communities has been shown to be an important
role in regulating population and community stability [8,26,35,36,82]. Surprisingly, we
found no support for any effect of weighted population stability (CVpop_av.weighted 1)
on community stability except for beetles. For the latter, a positive relationship between
population stability and community stability was found despite the theoretical expectations
of a negative relationship [7,18,98]. Nevertheless, for beetles the asynchrony—-community
stability relationship was stronger than population stability—-community stability, consistent
with other taxa.

5. Conclusions

Our findings suggest that in sand dunes, community stability is driven by asynchrony
rather than population stability. Furthermore, our results provided only equivocal evidence
for a relationship between diversity and stability in coastal dune systems. Each of the
four taxonomic groups in this study appeared to operate under a different mechanism in
terms of the community’s response to richness and plant cover (a proxy for environmental
condition), yet consistently demonstrated a positive asynchrony—stability relationship.

If this pattern is applicable to other systems, this would suggest that the emergent
property of the community is the interactions among species (asynchrony), rather than
the number of species present. This in turn infers a deterministic formation of community
assemblages, rather than random stochasticity [99-101]. Hence, although individual popu-
lations may fluctuate, competition and niche differentiation allow species to fluctuate in
complementary ways, maintaining certain characteristics of stability. From a generalist
predator’s point of view (or an anthropocentric view of ecosystem services), resource
availability remains stable as the decline of one species is compensated by an increase in
another. This could also explain the contradictory theories of stability (e.g., [7,88,102,103];
diversity can beget stability [88], even if population stability is negatively correlated to
diversity [102] when the community is highly asynchronous.

Understanding how biotic mechanisms confer stability in variable environments is a
fundamental quest in ecology, and one that is becoming increasingly urgent due to global
change [36]. If stability can be determined by collective responses of species to each other
and to their environment, rather than by the richness or dominance of species present, this
has important consequences for understanding the effects of environmental degradation
on ecosystem function and productivity. Anthropogenic changes to our planet may be
having a two-fold impact on ecosystems, by diminishing ecosystem stability in addition to
the direct effects on biodiversity (species) loss.

More attention is needed to bridge our understanding of ecological theory with con-
serving ecosystem function [104]. Long-term studies such as those within the International
LTER network are particularly well suited to a metadata analysis, which could examine
DSR in natural systems and across multiple taxa. We need to better understand the drivers
and effects of asynchrony among species both theoretically and with empirical data in
natural systems; interspecific interactions and mechanisms that determine asynchrony and
stability are far more complex in natural systems than under controlled conditions. A focus
on asynchrony as a stabilizing mechanism could better inform conservation management
regarding the risk of environmental degradation on ecosystem function.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/app11136214/s1, Section S1: Sampling methods for data collection across 5 taxonomic
groups, Section S2: Supporting data, Table S1: Modelled data for demonstrating the combine effects
of population stability and asynchrony on community stability as depicted in Figure 1, Table S2:
Regression results for all parameters summarized in Figures 2—4.
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