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Neha Mohanbabu27 , Akira S. Mori28 , Robin J. Pakeman29 , Alain Paquette30 , Begoña Peco31 ,
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NE, East Bethel, MN 55005, USA; 24Université Clermont Auvergne, INRAE, VetAgro Sup, UREP, Clermont-Ferrand, 63000, France; 25Plant Ecology Group, University of
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Université du Québec à Montréal, C.P. 8888, Succursale Centre-ville, Montréal, QC, H3C 3P8, Canada; 31Terrestrial Ecology Group (TEG), Department of Ecology, Institute

for Biodiversity and Global Change, Universidad Autónoma de Madrid, 28049, Madrid, Spain; 32CREAF, Bellaterra (Cerdanyola del Vallès), Catalonia, 08913, Spain; 33CSIC,

Global Ecology Unit, CREAF-CSIC-UAB, Bellaterra, Barcelona, Catalonia, 08193, Spain; 34Department of Plant Biology and Ecology, Universidad de Sevilla, C/Profesor Garcı́a
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Summary

� Maintaining ecological stability is essential for sustaining ecosystem functions and the bene-

fits they provide to society. Ecological theory predicts that plant diversity destabilizes local

populations, yet empirical studies report variable effects.
� We hypothesize that this discrepancy arises at least in part from differences captured by dif-

ferent diversity (average vs cumulative richness, i.e. the mean annual richness vs the cumula-

tive richness across years) and stability metrics (abundance-unweighted vs weighted mean

population stability). To test this, we analyzed data from > 8000 permanent vegetation plots

across biomes on five continents.
� We found a negative (i.e. destabilizing) diversity–stability relationship when using

abundance-weighted rather than unweighted measures of population stability, which are

more influenced by dominant species. Similarly, cumulative richness – capturing total species

occurrence over time and long-term turnover – reveals a stronger destabilizing effect com-

pared to average annual richness.
� Our findings reveal that, when specific metrics of diversity and stability are considered,

more species and potentially the associated increase in interspecific competition tend to desta-

bilize populations across natural ecosystems world-wide – particularly those of dominant

species.

Introduction

The diversity–stability relationship has been the subject of long-
standing debate, and understanding its drivers remains a central
focus in ecology (MacArthur, 1955; Goodman, 1975; Loreau &
de Mazancourt, 2013; de Bello et al., 2021). Early ecological the-
ory suggested that complex, diverse ecosystems are inherently
more stable than simpler ones (Odum & Eugene, 1953;
MacArthur, 1955; Elton & Charles, 1958). Later theoretical
work, however, challenged this idea, demonstrating that diversity
could have a destabilizing effect (Gardner & Ashby, 1970;
May, 1972). Subsequent studies of plant productivity reconciled
these views by showing that the diversity–stability relationship
depends on the level of organization: plant diversity enhances the
temporal invariability of productivity at the community level (i.e.
community stability) but reduces it at the population levels (i.e.
population stability) (Tilman, 1996; Caldeira et al., 2005; Til-
man et al., 2006; Hector et al., 2010). It is now widely accepted
that species diversity increases community stability (Cardinale
et al., 2012; Hautier et al., 2015; Isbell et al., 2015; Xu
et al., 2021; Liang et al., 2022), though these effects may be
weaker in natural vs experimental settings (Blüthgen et al., 2016;
van der Plas, 2019; Valencia et al., 2020; Lisner et al., 2024).
However, considerable debate remains over whether species
diversity increases or decreases population stability. In particular,
a recent meta-analysis reported that population stability increases
with diversity in observational studies but decreases with diversity
in experimental studies (Xu et al., 2021).

Such inconsistency in diversity–population stability relation-
ships may reflect the distinct ecological processes captured by the
metrics used to measure both plant diversity and population sta-
bility. For example, the methodology used to estimate population
stability differs between studies. Since Tilman’s (1996) seminal
work, population stability has commonly been assessed as the
inverse of the coefficient of variation in the abundance of indivi-
dual species within a community (McGrady-Steed &
Morin, 2000; Romanuk et al., 2006; Tilman et al., 2006). To
account for variations across individual species (Romanuk &
Kolasa, 2004), population stability was later calculated by aver-
aging the stability across species within a community, that is,
unweighted mean population stability (Steiner et al., 2005;
Romanuk et al., 2009; Houlahan et al., 2018). Campbell
et al. (2011) found that species richness has a stabilizing effect
when population stability is calculated as the mean stability across
all populations, whereas assessment within individual popula-
tions is more likely to yield a destabilizing effect. Further theore-
tical developments have suggested that community stability is
more closely related to the weighted mean population stability, as
the stability of dominant species tends to drive overall commu-
nity patterns (Thibaut & Connolly, 2013; Wang & Lor-
eau, 2014, 2016).

The key difference between the unweighted and weighted
mean population stability is that the latter assigns proportionally
greater weight to dominant species (Fig. 1a). Empirical studies
have often found that dominant species tend to be more stable
than non-dominant ones – an effect not merely due to sampling
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artifacts but reflecting biological mechanisms, for instance the
buffering effect of large populations against demographic stochas-
ticity (Bai et al., 2004; Roscher et al., 2011; Wang et al., 2020).
This pattern aligns with Taylor’s power law (Taylor, 1961),
which describes a scaling relationship between the variance and
the mean of population abundance across time or space. Accord-
ing to this law, species with higher mean abundance tend to have
proportionally lower variability when the scaling factor is < 2,
resulting in greater temporal stability (Segrestin et al., 2024). If
this is the case, as species diversity increases, the greater inclusion
of non-dominant, but unstable species would result in a more
negative diversity–population stability relationship when using
unweighted population stability (compare solid and dashed lines
of the same color in Fig. 1b,c).

How species diversity is estimated also differs across studies.
Some studies use ‘cumulative richness’ – the total number of spe-
cies recorded in a plot across all sampling years within a time ser-
ies (Tilman et al., 2006; Hector et al., 2010; Roscher
et al., 2011). Others use ‘average richness’ – defined as the mean
number of species observed at a location, calculated by averaging
annual species richness across years (Houlahan et al., 2018; Liang
et al., 2025). It is important to stress that these measures likely
emphasize slightly different ecological processes (Hagan
et al., 2021; Allan et al., 2025). Cumulative richness includes rare

or transient species that are not consistently present in a commu-
nity but better reflect the potential pool of species that coexist
across years. As a result, some included species likely exhibit
strong fluctuating abundance over time. Higher cumulative rich-
ness may therefore amplify population fluctuations (Til-
man, 1999; Lehman & Tilman, 2000), resulting in a negative
cumulative richness–population stability relationship (orange
lines in Fig. 1b,c). By contrast, average richness represents the
typical number of species co-occurring at a given time. It captures
the result of community assembly due to local biotic interactions
(e.g. competition and facilitation) and environmental filtering
under particular annual conditions. It is also important to stress
that the relationship between diversity and population stability
can differ partly due to mathematical constraints linked to the
indices considered. For example, the ratio of cumulative to aver-
age richness could represent a sort of temporal turnover. It should
increase with more species absences over time. Additionally, spe-
cies with frequent absences are typically those with lower abun-
dance and stability (Supporting Information Notes S1). As a
result, higher temporal compositional turnover can be associated
with lower population stability. This pattern is likely stronger for
unweighted population stability, which is more influenced by
rare species. Therefore, the relationship between population sta-
bility and cumulative richness is expected to be more negative, or

Fig. 1 Conceptual diagram illustrating (a) the concept of species diversity (average richness, mean annual richness; cumulative richness, cumulative
richness across years), and population stability metrics (unweighted mean, weighting species by taking them equally; weighted mean, weighting species by
their realized mean relative abundance across all years); (b) relationships between plant species diversity and population stability, considering the emergent
properties of species diversity and population stability metrics; and (c) the expected correlation coefficients (r) between plant diversity and population
stability based on the relationships in (b). Correlation coefficients are used as they are not affected by sampling size, allowing for comparisons between
datasets.
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at least less positive, than with average richness (blue lines in
Fig. 1b,c).

Beyond differences in diversity and stability metrics, the
strength and direction of the diversity–population stability rela-
tionship can vary considerably among ecosystems, experiments,
and study designs. For instance, climatic conditions and distur-
bance regimes can alter species interactions and the relative
importance of dominant vs rare species (Loreau & de Mazan-
court, 2013). Likewise, experimental design, such as the type of
abundance metric (biomass, cover, or frequency), plot size, and
study duration, may influence how temporal stability is captured
(Campbell et al., 2011). Understanding how these abiotic and
biotic factors jointly modulate the relationship is therefore essen-
tial to reconcile conflicting evidence and identify general ecologi-
cal drivers.

In this context, we examined the empirical relationships
between plant species diversity and population stability across
natural and semi-natural systems spanning diverse vegetation
types on five continents. Specifically, we compared two measures
of species diversity: (1) average richness (the average annual spe-
cies richness across years) and (2) cumulative richness (the total
number of species recorded in a plot across all years), alongside
two measures of population stability (abundance-unweighted vs
abundance-weighted mean population stability). We expect
(Fig. 1) that inconsistencies across results can be attributed at
least in part to different indices considered in measuring species
richness and mean population stability, with more destabilizing
effects when considering the role of non-dominant species
(unweighted population stability) and the total amount of species
found in a location (cumulative richness) compared to weighted
population stability and annual richness. We further tested the
degree to which the diversity–population stability relationship
varies across abiotic and biotic gradients.

Materials and Methods

Datasets

We used 88 datasets from the LOTVS collection of temporal
vegetation data (https://lotvs.csic.es). This comprehensive collec-
tion comprises data for > 11 000 permanent plots of natural and
semi-natural vegetation that have been consistently sampled for
periods ranging between 6 and 99 yr. None of the plots included
in our analysis was part of a manipulated biodiversity experiment.
After excluding plots with multiple sampling events within the
same year, we retained 8243 plots for analysis. These data were
collected from study sites across various vegetation types (forest
understory, grassland, and shrubland) on five continents (Europe,
America, Africa, Asia, and Australia) (Fig. S1). These datasets
vary in their sampling methodology (e.g. aboveground biomass,
visual species cover, and species frequency), plot size, duration of
sampling, and management regimes (e.g. grazing, fertilization,
and burning), which allows for more generalizable conclusions.
Climatic conditions also vary widely, with mean annual precipi-
tation ranging from 140 to 2592 mm and mean annual

temperatures from �11.5 to 20.1°C. More details on LOTVS
are available in Sperandii et al. (2022).

Estimation of population stability and richness

We quantified temporal stability as the invariability of popula-
tion abundance (Tilman et al., 2006). Specifically, we computed
the coefficient of variation (CV), defined as the SD of population
abundance divided by its temporal mean across years. To account
for directional changes in species abundance over time, we also
calculated detrended population CV using the three-term local
variance method (Lepš et al., 2019). Within each plot, species
that occurred in fewer than 30% of sampling years (e.g. species
that appeared for fewer than 3 yr in plots sampled over a 10-yr
period) were excluded from the following analysis, since measures
of temporal stability can be extremely volatile with data with
excessive zeros (Májeková et al., 2014; Valencia et al., 2020). We
also applied 10% and 20% species exclusion thresholds to
demonstrate that our results are robust to the choice of threshold.
We calculated abundance-unweighted and weighted mean popu-
lation CV (hereafter UPCV and WPCV, respectively) for each
plot as:

UPCV=
1

S
∑
S

i = 1

σi
μi

WPCV= ∑
S

i = 1

σi
μi

� pi

where S is the number of species in the plot, μi is the mean abun-
dance of species i across years, σi is the SD of population abun-
dance for species i, and pi is the relative abundance of species i.

To assess the influence of relative abundance on the diversity–
population stability relationship, we classified species based on
their mean abundance across all sampling years: dominant species
as the most abundant one within a community, rare species as
those with a mean relative abundance of < 5%, and subordinate
species as all others (Mouillot et al., 2013; Avolio et al., 2019).
We then calculated unweighted mean population CV for domi-
nant, subordinate, and rare species, respectively (hereafter
UPCV_D, UPCV_S, and UPCV_R).

To quantify species richness over time, we calculated both
average and cumulative richness for each plot. Average richness
refers to the mean number of species observed in a plot across all
sampling years, while cumulative richness is the total number of
unique species recorded in a plot over the same period. Temporal
turnover was then defined using the classical multiplicative
approach as the ratio of cumulative to average richness (Whit-
taker, 1972).

Data analysis

We first performed Pearson correlation tests for each dataset to
estimate relationships between species diversity (average and
cumulative richness) and population stability (UPCV and
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WPCV) across plots. Correlation tests were used because the cor-
relation coefficient (r) is unaffected by sample size, enabling
meaningful comparisons between datasets. All parameters were
log-transformed to improve normality. To ensure reliability, we
excluded datasets with fewer than five plots, leaving 84 datasets.
One additional dataset was removed for cumulative richness
because it showed no variation across plots. For each combina-
tion of diversity and population stability metrics, we calculated
the correlation coefficient (r) for each dataset. To ensure consis-
tency in interpretation, we reversed the sign of r values so that
positive r values always indicate a positive relationship between
diversity and stability (Xu et al., 2021).

To analyze whether the diversity–population stability relation-
ship depends on the metrics used, we utilized (1) linear mixed-
effects models with r values as response variable, metrics of species
diversity, of population stability, and their interaction as explana-
tory variables, and dataset as a random factor, and (2) random-
effects meta-regression models fitted with restricted maximum like-
lihood for each metric combination. For the meta-regression mod-
els, effect sizes were Fisher’s Z-transformed correlation coefficients,
with sampling variances calculated based on the number of plots
per dataset. As both approaches produced similar results, we report
only the outcomes from the linear mixed-effects models in the
main text. We applied the same approach to examine the relation-
ships between species diversity (average and cumulative richness)
and the temporal stability of dominant, subordinate, and rare spe-
cies (UPCV_D, UPCV_S, and UPCV_R), and extracted the corre-
sponding r values. We then tested whether these r values were
associated with those from the correlations between species diversity
and overall population stability (UPCV and WPCV). We also
tested the correlation between temporal turnover and population
stability (UPCV and WPCV). To further explore dynamics among
different groups, we calculated the mean population size (i.e. mean
abundance across years) for dominant, subordinate, and rare species
in each plot and assessed how their mean population size responded
to increasing diversity.

Finally, we evaluated how the strength of the diversity–
population stability relationship varied among the datasets. We
ran linear models for each combination of diversity and popula-
tion stability metrics to test the effects of abiotic and biotic vari-
ables on r values. The explanatory variables included type of
abundance metric (biomass, frequency, or cover), plot size (m2),
study duration (sampling years), management coverage (percen-
tage of control plot within the dataset), mean average richness,
and two climate axes derived from principal component analysis
(data from Gracia et al., 2026, 71.6% of the total variance was
explained by the first two axes): climate PC1 (dryness and cold-
ness) and climate PC2 (extreme climate events). We used cover
as the reference level for the abundance metric, and
log-transformed plot size and study duration to correct for skew-
ness. Variance inflation factors for all abiotic and biotic predic-
tors were below 2, indicating no problematic multicollinearity
among these variables.

The analyses and graphical outputs were performed using R
software v.4.4.1(R Core Team, 2024), with the following
packages: EMMEANS (Lenth, 2024), GGPLOT2 (Wickham, 2016),

LME4 (Bates et al., 2015), METAFOR (Viechtbauer, 2010), PATCH-

WORK (Pedersen, 2024), TIDYVERSE (Wickham et al., 2019), and
VEGAN (Oksanen et al., 2024).

Results

The relationship between plant diversity and population stability
strongly depended on the choice of diversity and population sta-
bility metrics. A linear mixed-effects model confirmed this, iden-
tifying an interaction between diversity and population stability
metrics on the correlation coefficient (r) (F1,246.4= 12.73,
P< 0.001; Table S1). The relationship between average richness
and unweighted population stability was positive (r = 0.09,
P= 0.026). Fifty-three of the 84 datasets showed a positive rela-
tionship, with 21 being significant (Fig. 2a). By contrast, the rela-
tionship between average richness and weighted population
stability was, on average, negative (r = �0.08, P= 0.030;
Fig. 2b). We observed predominantly negative relationships
between cumulative richness and population stability (Fig. 2c,d),
with a weaker relationship for unweighted (r = �0.18,
P< 0.001) than for weighted population stability (r = �0.21,
P< 0.001). Results remained consistent when using detrended
population CV (Table S2) and when applying 10 and 20% exclu-
sion thresholds (Tables S3, S4). Within datasets, changes in r
values from average to cumulative richness were consistently
negative for unweighted population stability (Fig. S2A) and
mostly negative for weighted population stability (Fig. S2B),
meaning that within-site relationships became consistently more
negative when using cumulative richness. However, the change
from unweighted to weighted population stability was generally
negative for average richness (Fig. S2C) but not for cumulative
richness (Fig. S2D).

Our results revealed that the diversity–population stability
relationship varied among dominant, subordinate, and rare spe-
cies (Table S5). The average correlation between average richness
and population stability of rare species was positive (r = 0.25,
P< 0.001). Sixty-seven of the 82 datasets were positive, with 31
of these being significant (Fig. 3a). Similarly, average richness
was positively correlated with population stability of subordinate
species (r = 0.15, P< 0.001; Fig. 3b). However, the number of
positive and negative relationships between average richness and
population stability of dominant species were similar across data-
sets (Fig. 3c). Using cumulative richness increased the number of
negative relationships, leading to comparable amounts of positive
and negative relationships for the population stability of rare
(Fig. 3d) and subordinate species (Fig. 3e) but a marginally sig-
nificantly negative relationship for the population stability of
dominant species (r = �0.06, P= 0.086; Fig. 3f). The r values
for diversity vs unweighted population stability were strongly cor-
related with those for diversity vs population stability of rare spe-
cies (R2= 0.73, P< 0.001; Fig. S3A). By contrast, the r values
for diversity vs weighted population stability were strongly corre-
lated with those for diversity vs population stability of dominant
species (R2= 0.62, P< 0.001; Fig. S3F).

Our results showed a strong negative mean correlation
between temporal turnover and unweighted population stability
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(r = �0.76, P< 0.001; Fig. 4a; Table S6) but a weaker mean
correlation with weighted population stability (r = �0.36,
P< 0.001; Fig. 4b; Table S6). Analysis of mean population size
against diversity showed different patterns for dominant, subor-
dinate, and rare species (Table S7). Mean population size of rare
species increased with average richness (r = 0.18, P< 0.001;
Fig. 5a), but not with cumulative richness (Fig. 5d). For subordi-
nate species, we found no change in population size with either
average (Fig. 5b) or cumulative richness (Fig. 5e). For dominant
species, however, mean population size decreased with both aver-
age (r = �0.09, P= 0.039; Fig. 5c) and cumulative richness (r
= �0.13, P= 0.003; Fig. 5f). Our results also indicated that the
relationships between species diversity and population stability
were consistent (Fig. 6). Among the tested variables, only mean
average richness significantly drove the relationship between
diversity and unweighted population stability to be more posi-
tive. This positive effect indicated that the link between diversity
and unweighted population stability was stronger at sites with
more species.

Discussion

Our study reconciles links between plant diversity and popula-
tion stability by revealing that inconsistencies in the relationship
across studies stem, at least in part, from the emerging properties

of diversity and population stability metrics. We used observa-
tional data because, in biodiversity experiments, the high correla-
tion between average and cumulative richness due to weeding
can obscure these relationships. While we observed a generally
positive (i.e. stabilizing) relationship between average richness
and unweighted population stability (metrics commonly used in
field studies), our findings revealed increasingly negative (i.e.
destabilizing) relationships when richness was accumulated across
years and when stability metrics accounted for species domi-
nance. This suggests that changing species composition as a result
of both deterministic and stochastic processes causes less stability
in diverse plant communities.

Average vs cumulative richness

The relationships between plant diversity and population stability
differed with the use of average vs cumulative richness. Consis-
tent with our hypotheses, cumulative richness was negatively cor-
related with population stability, while average richness was more
often positively correlated. These findings are supported by
observational studies reporting positive associations between
average richness and population stability (Houlahan et al., 2018;
Xu et al., 2021), as well as by numerous experimental studies
showing that increased cumulative richness reduces population
stability (Tilman et al., 2006; Hector et al., 2010; Roscher

(a) (b)

(c) (d)

n
n

n
n

Fig. 2 Histograms of the correlation coefficients
(r) for each dataset between average richness
and unweighted population stability (a),
average richness and weighted population
stability (b), cumulative richness and
unweighted population stability (c), and
cumulative richness and weighted population
stability (d). Different numbers of datasets were
used due to the selection process. Significant
positive, significant negative, and nonsignificant
correlations are represented by blue, orange,
and gray colors, respectively. Mean correlation
coefficients (r) and 95% confidence intervals
from linear mixed-effects models are also shown
within each panel.
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et al., 2011). Our results suggest that the differing relationships
observed with average vs cumulative richness may arise from (1)
the dominance of different ecological mechanisms and (2) math-
ematical necessity.

Cumulative richness, which reflects the broader species pool at
a location over time, plays a key role in shaping species interac-
tion dynamics. This long-term measure provides valuable
insights into how competition develops across years (Cornell &

Fig. 3 Histograms of the correlation coefficients (r) for each dataset between average richness and mean population stability of rare species (a),
subordinate species (b), and dominant species (c), and between cumulative richness and mean population stability of rare species (d), subordinate species
(e), and dominant species (f). All the variables were ln-transformed. Different numbers of datasets were used due to the selection process. Significant
positive, significant negative, and nonsignificant correlations are represented by blue, orange, and gray colors, respectively. Mean correlation coefficients
(r) and 95% confidence intervals from linear mixed-effects models are also shown within each panel.

(a) (b)

n n

Fig. 4 Histograms of the correlation coefficients
(r) for each dataset between temporal turnover
and unweighted population stability (a), and
weighted population stability (b). All the
variables were ln-transformed. Significant
positive, significant negative, and
nonsignificant correlations are represented by
blue, orange, and gray colors, respectively.
Mean correlation coefficients (r) and 95%
confidence intervals from linear mixed-effects
models are also shown within each panel.
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Harrison, 2014). Interspecific competition, where dominant spe-
cies exclude others by monopolizing space and resources (Til-
man, 1982), can increase the variance of population abundance
across years, thereby reducing overall population stability. As
cumulative richness is more likely to include transient and rare
species that exhibit strong temporal fluctuations over time, this
will result in a negative relationship between cumulative richness
and population stability. Average richness, on the other hand,
reflects typical species composition and abundance at a location
over time. Theoretical models predict that mean population
abundance decreases with diversity if total community abun-
dance remains constant (Tilman, 1999), yet natural communities
often deviate from this pattern, with community diversity and
population abundances positively covarying (Kaspari et al., 2000;
Valone & Hoffman, 2003). In line with this point, our results
showed that the population size of rare species increased with
average richness. This pattern may be explained by strong facili-
tation or niche complementarity among rare species in diverse
communities.

Our results also confirmed that the differing relationships stem
partially from mathematical necessity, as evidenced by the strong,

negative relationship between temporal turnover and unweighted
population stability. This mechanism requires rare species to be
less stable, a pattern consistent with Taylor’s power law (Tay-
lor, 1961), which posits that dominant species have higher stabi-
lity when the scaling factor is < 2. A recent study using the same
datasets revealed a widespread scaling effect consistent with Tay-
lor’s power law, with scaling factors predominantly < 2 (Gracia
et al., 2026), further supporting our results.

Unweighted vs weighted population stability

Contrary to our hypotheses, we found a more positive relation-
ship between diversity and population stability when using
unweighted population stability. This result was unexpected, as
dominant species are expected to be more stable than
non-dominant species, based on Taylor’s power law (Tay-
lor, 1961). However, further analyses revealed that the relation-
ship differs among dominant and rare species, providing a
compelling explanation for this unexpected pattern. Specifically,
the diversity–unweighted population stability relationship was
primarily explained by rare species (r2= 0.73; Fig. S3A), whose

(a) (b) (c)

(d) (e) (f)

n

Fig. 5 Histograms of the correlation coefficients (r) for each dataset between average richness and mean population size of rare species (a), subordinate
species (b), and dominant species (c), and between cumulative richness and mean population size of rare species (d), subordinate species (e), and dominant
species (f). All the variables were ln-transformed. Mean population size was scaled within each data type. Different numbers of datasets were used due to
the selection process. Significant positive, significant negative, and nonsignificant correlations are represented by blue, orange, and gray colors,
respectively. Mean correlation coefficients (r) and 95% confidence intervals from linear mixed-effects models are also shown within each panel.
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population stability increased with average richness, while the
diversity–weighted population stability relationship was driven
by dominant species (r2= 0.62; Fig. S3F), for which population
stability negatively correlated with cumulative richness. This sug-
gests that in richer communities, rare species become more stable,
whereas dominant species tend to deflate. These differences were
partly driven by variations in population size: the population size
of rare species increased with average richness, whereas the popu-
lation size of dominant species decreased with both average and
cumulative richness.

One potential mechanism underlying these results is plant–
fungal mutualism, particularly associations with arbuscular mycor-
rhizal fungi (AMF). AMF are known to reduce fitness differences
among coexisting plant species by enhancing nutrient and water
uptake, thereby promoting coexistence (Willing et al., 2024).
Under this scenario, rare species gain better access to resources,
leading to higher mean abundance and greater stability. Conver-
sely, dominant species may experience a dilution of their competi-
tive advantage, resulting in lower mean abundance and reduced
stability. This mechanism is expected to operate more strongly in
AMF-dominated grasslands than in ectomycorrhizal (ECM)-
dominated forests. Supporting this interpretation, we found
that the change in correlation coefficient from unweighted to
weighted population stability for average richness was nearly

twofold greater in grasslands (Estimate=�0.199) than in forests
(Estimate=�0.110). However, this difference was not statistically
significant (F1,61= 0.79, P= 0.379), likely due to the lower num-
ber of forest datasets (n= 6) compared with grassland datasets
(n= 57). Future research could further evaluate this pattern using
broader and more comprehensive datasets. Consequently, the rela-
tionship between diversity and population stability became more
positive when using unweighted population stability. Our study
demonstrates, for the first time, that the relationship between
diversity and population stability differs significantly between
dominant and rare species, providing new insights into the
mechanisms underlying diversity–stability relationships.

Drivers of the diversity–population stability relationship

Previous research suggests that different measures of abundance
(e.g. cover or biomass) can influence population stability (Pan
et al., 2024), thereby influencing the diversity–population stability
relationship. Cottingham et al. (2001) also suggested that diversity–
stability relationships are mediated by factors varying across com-
munity types. By contrast, our results showed that these relation-
ships remained consistent across abiotic and biotic gradients. We
found that only mean average richness positively influenced the
diversity–unweighted population stability relationship, with sites of

(a) (b)

(c) (d)

Fig. 6 Influence of multiple abiotic and biotic
drivers on the correlation coefficient (r)
between: (a) average richness and unweighted
population stability, (b) cumulative richness and
unweighted population stability, (c) average
richness and weighted population stability, and
(d) cumulative richness and weighted population
stability. Colors represent different driver
categories: type of abundance metric (purple;
cover as the reference level), plot attributes
(blue), biotic attributes (orange), and climatic
variables (gray). Estimated coefficients and their
95% confidence intervals are shown; significant
effects (P< 0.05) are indicated by *.
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higher richness tending to support more rare species, thereby
enhancing stability. This effect was nonsignificant for weighted
population stability, which was more influenced by dominant spe-
cies. This finding again supports our previous results that rare spe-
cies tend to have positive diversity–stability relationships.

In line with previous research (Houlahan et al., 2018), our
results confirm that, even after accounting for different diversity
and stability metrics, substantial variation remains in the strength
and direction of diversity–population stability relationships. This
residual variation likely reflects additional ecological influences
not accounted for in our models, such as variation in soil proper-
ties and AMF. These findings underscore the need for integrative
approaches that combine richness metrics with ecological con-
text. Future research should identify the ecological and environ-
mental conditions under which diversity–stability relationships
become more consistent and predictable across ecosystems.

Conclusions

To our knowledge, our study is the first to explore the joint
effects of the emerging properties of different species diversity
and population stability metrics on the diversity–population sta-
bility relationship in natural communities. We thereby demon-
strate that the inconsistencies in previous findings can be
partially reconciled by accounting for the influence of different
metrics. These findings offer valuable insights into the longstand-
ing diversity–stability debate and have important implications
for conservation strategies.
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Maria Májeková https://orcid.org/0000-0001-6892-5462
Rob Marrs https://orcid.org/0000-0002-0664-9420
Neha Mohanbabu https://orcid.org/0000-0002-6557-131X
Akira S. Mori https://orcid.org/0000-0002-8422-1198
Robin J. Pakeman https://orcid.org/0000-0001-6248-4133
Xiaobin Pan https://orcid.org/0009-0007-0578-7753
Alain Paquette https://orcid.org/0000-0003-1048-9674
Josep Peñuelas https://orcid.org/0000-0002-7215-0150
Begoña Peco https://orcid.org/0000-0003-2149-1438
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