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Abstract

Plant invasion science has made a substantial progress in documenting the impacts of aliens, but 
comparisons with the impacts of native dominants are still rare. Further, the impacts on larger spatial 
scales remain poorly understood. We recorded the impacts of 10 native and nine invasive dominant 
plants in the Czech Republic on species richness and Shannon diversity by comparing communities 
with high vs. low cover of the dominant species. To estimate the impacts at the (i) population level 
and (ii) between-population level, we compared the Jaccard dissimilarity, nestedness and turnover 
of high- and low-dominance plots. Further, we calculated the Jaccard dissimilarity, nestedness and 
turnover between the high- and low-dominance plots within each population to express the impacts 
on species composition. We tested whether (i) native and invasive dominants affect the population- 
and between population levels of diversity by making the vegetation more homogenous; (ii) whether 
these effects differ between the native and alien dominants; and (iii) whether the impacts at different 
spatial levels are related. At the population level, high-dominance plots (with both native and alien 
dominants) showed higher nestedness and lower turnover compared to the low-dominance plots. 
Further, all plots with native dominants, both with high- and low dominance, showed higher simi-
larity but lower nestedness than plots with alien dominants. Most importantly, high-dominance plots 
with native dominants were more similar to each other but showed marginally significantly lower 
nestedness compared to high-dominance plots with alien dominants. At the between-population 
level, high-dominance plots with native dominants showed a marginally significantly lower turnover 
compared to high-dominance plots with alien dominants. The differences in Jaccard dissimilarity, 
nestedness and turnover between the low- and high-dominance plots at the population level showed 
strong positive relations to low- and high-dominance differences at the between-populations lev-
el. Further, compositional impacts, expressed as the dissimilarity between high- vs. low-dominance 
plots, positively related to the plot-level impacts on Shannon diversity. Our results show that (i) both 
native and invasive dominants tend to reduce the diversity over larger areas and that the effect of 
native dominants may be even stronger, and (ii) the effects on plot-level richness and diversity cannot 
be easily extrapolated to larger scales but the impacts at the population- and between-populations 
levels are positively related.

Key words: Alien dominants, beta diversity, impacts, native dominants, spatial scale

Academic editor: Robert Colautti 
Received: 28 November 2023 
Accepted: 19 February 2024 
Published: 12 March 2024

Citation: Kortz A, Hejda M, Pergl J, 
Kutlvašr J, Petřík P, Sádlo J, Vítková 
M, Vojík M, Pyšek P (2024) Impacts 
of native and alien plant dominants 
at different spatial scales. NeoBiota 
92: 29–43. https://doi.org/10.3897/
neobiota.92.116392

NeoBiota 92: 29–43 (2024)  
DOI: 10.3897/neobiota.92.116392

Advancing research on alien species and biological invasions

A peer-reviewed open-access journal

NeoBiota

https://orcid.org/0000-0002-7473-1987
https://orcid.org/0000-0002-0045-1974
https://orcid.org/0000-0002-0045-1974
https://orcid.org/0000-0001-7486-8644
https://orcid.org/0000-0001-8518-6737
https://orcid.org/0000-0001-9723-3334
https://orcid.org/0000-0002-2848-7725
https://orcid.org/0000-0001-9735-5120
https://orcid.org/0000-0001-8500-442X
mailto:alessandrakortz@gmail.com
https://doi.org/10.3897/neobiota.92.116392
https://doi.org/10.3897/neobiota.92.116392


30NeoBiota 92: 29–43 (2024), DOI: 10.3897/neobiota.92.116392

Alessandra Kortz et al.: Impacts of native and alien dominants at different spatial scales

Introduction

In the last decades, progress has been made toward documenting the communi-
ty-level impacts of invasive plants (e.g. Hejda et al. 2009; Vilá et al. 2011; Pyšek 
et al. 2020), which includes comparisons between the impacts of native vs. alien 
dominants (Paolucci et al. 2013; Buckley and Catford 2016; Hejda et al. 2017, 
2019; Pergl et al. 2023). However, the impacts of native dominants on the species 
richness and diversity are still rarely studied (but see Pivello et al. 2018; Hejda et al. 
2021), even though it can be presumed that their impacts are comparable to that 
of invasive dominants, given their aggressive spread and high-levels of dominance 
(e.g. Hejda et al. 2021). In this sense, many natives behave like so-called “super-
dominants” (Pivello et al. 2018), with expected strong impacts on species richness, 
diversity and composition. The association between high levels of dominance and 
lower species richness has long been established (e.g. Able and Noon 1976) and, 
at the same time, shifts in dominance are usually apparent earlier than the reduc-
tion in species richness, which makes dominance an important indicator of the 
global change (Chapin et al. 2000). Further, dominant aliens can not only change 
species richness but also the proportional representation of individual species in 
the community (Hillebrand et al. 2008). However, how these community-level 
impacts scale up to larger areas remains mostly unexplored, with the few results 
so far being rather contradictory (see, e.g. Martin and Wilsey 2015; Dyderski and 
Jagodzinski 2021). Similarly, previous studies comparing the effects of alien and 
native dominants have focused on changes in species richness (alpha diversity, e.g. 
Czarniecka-Wiera et al. 2019), whereas changes in species composition (beta di-
versity) remain less explored.

There are several ways to define diversity at different spatial scales. A plot-level 
diversity generally refers to alpha diversity, as it usually represents species richness 
or diversity measured at scales ranging from 1 m2 to a few hundred m2. The scale 
of alpha diversity also represents an important issue, as the number of species 
sampled increases non-linearly with increasing spatial scale (Gotelli and Colwell 
2001), which can lead to different shapes of species-accumulation curves. The scale 
of measuring alpha diversity also represents a challenging issue, as different types 
of vegetation can have very different shapes of species-accumulation curves (Go-
telli and Colwell 2001; Roswell et al. 2021). Further, there is a question on how 
to define beta diversity or a large -scale diversity in general. A common definition 
of beta diversity is the variation in species composition amongst distinct sites in a 
particular geographical location (Whittaker 1960). One approach is to partition 
the regional gamma diversity into within-alpha diversity and between-beta diver-
sity components.

It is evident that when measuring the effects on alpha diversity, the small-scale 
(plot-level) effects cannot be easily extrapolated to larger scales (Chase et al. 2018). 
Further, the changes in plot-level richness (or alpha diversity) provide only a lim-
ited view of the changes in diversity, and it is necessary to include information on 
the spatial changes in species composition (Chase et al. 2018, 2019). For example, 
changes in composition can happen even without changes in the number of species 
(e.g. species replacement whilst the total number of species remains equal).

A theoretical paper by Socolar et al. (2016) suggests four basic mechanisms for 
how beta-diversity may be enlarged or reduced: (i) additive heterogenization, when 
locally specific species are added; (ii) additive homogenization, when common 
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and spatially unspecific species are added; (iii) subtractive heterogenization, when 
common species disappear, become rare or locally specific; and (iv) subtractive 
homogenization, when rare or locally specific species disappear. It is most likely 
the interplay of all these effects that drive changes in large-scale diversity patterns. 
However, it can be presumed that the mechanism of “subtractive homogenization” 
plays a major role, as the dominant plants are documented to reduce local species 
richness and diversity (e.g. Hejda et al. 2021).

The case studies focused on the role of dominant species provide contradictory 
results and show that native dominant species can result in stronger biotic ho-
mogenization than aliens (Dyderski and Jagodziński 2021). Schlegel and Riesen 
(2021) reported that the native dominant Pteridium aquilinum suppressed the al-
pha diversity and eliminated the Red-Listed species of Orthoptera but, at the same 
time, increased beta diversity over large scales. On the contrary, Fukami et al. 
(2013) documented that alien dominants prevented the vegetation from diverg-
ing during succession, reducing riparian vegetation’s beta diversity. Martin and 
Wilsey (2015) showed that the diversity of native- vs. alien-dominated grasslands 
differed along a north-south gradient (from Minnesota to Texas, USA) with regard 
to the spatial scale. The local diversity was consistently higher in native-dominated 
grasslands, and regional diversity was higher in the native-dominated grasslands 
in the north of the area studied, while alien-dominated grasslands had higher di-
versity in the south, and the diversity of the alien-dominated grassland was gen-
erally greater across the whole area. The authors suggested several mechanisms to 
interpret this somewhat surprising pattern, including present and past patchiness 
and inter-patch connectivity, disturbance history, or present and past management 
(Martin and Wilsey 2015).

This paper aims to address these issues by analysing plant community data sam-
pled across the Czech Republic, central Europe. In particular, we aim to test the 
following questions: (i) Do the local, plot-level impacts of native and alien domi-
nants on species richness and diversity scale up to the within- and across-popula-
tion levels (ii) Do these effects differ between the native and invasive alien domi-
nants? (iii) Are the effects of dominants recorded at different spatial scales related 
or independent?

Methods

Sampling design

We sampled populations of 10 native (Calamagrostis epigejos, Cirsium arvense, 
Cirsium heterophyllum, Cirsium oleraceum, Filipendula ulmaria, Petasites hybridus, 
Phalaris arundinacea, Rubus idaeus, Tanacetum vulgare, and Urtica dioica) and nine 
invasive dominant plants (Aster novi-belgii agg., Heracleum mantegazzianum, Im-
patiens glandulifera, Lupinus polyphyllus, Reynoutria japonica, Reynoutria ×bohem-
ica, Rumex alpinus, Solidago canadensis, and Telekia speciosa; Suppl. material 1). 
We sampled plots of 4 × 4 m in size located within populations of studied species 
across the Czech Republic (Suppl. material 2) that ranged from hundreds to thou-
sands of m2 in size (see Hejda et al. 2021 for details on the sampling scheme); the 
populations were selected so as to include stands with high and low dominance 
of the target dominant species. Low dominance referred to 0–25% cover of the 
target species, and these low-cover plots were used as controls. On the contrary, 
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high dominance encompassed >50% of the dominant species cover (see Hejda et 
al. 2021 for details). We then estimated the local impacts of these dominant species 
on species richness and Shannon diversity index of invaded communities, as well 
as on species composition.

Diversity measure

To detect the changes in species composition associated with the dominant species, 
we calculated the Jaccard dissimilarity index, which is based on incidence data 
(Jaccard 1900) and regarded as robust to taxonomic error as well as both numerical 
and geographical undersampling (Schroeder and Jenkins 2018).

We calculated the Jaccard dissimilarity index (βjac) at the (i) population-level 
(= dissimilarity of plots within populations); and (ii) between-population level 
(= dissimilarity of plots between populations), using the beta.pair function (index.
family=”jaccard”) of the betapart package (Baselga 2013; R Core Team 2022). The 
values of the index range from 0 (maximum similarity or lowest dissimilarity) to 
1 (minimum similarity or highest dissimilarity). The following formula was used:

�jac
b c
b c

where a is the number of species in common between two sites, b is the number of 
species unique to the site with the lowest number of species, and c the number of 
species unique to the site with the largest number of species.

Total Jaccard can be partitioned into turnover (βjtu) and nestedness component 
(βjne):

�jac �jtu �jne
2b
2b �

c b
� b c

�
2b �

Nestedness refers to changes in species richness, in which the site with the lowest 
richness represents a subset of species of the richest site, and turnover, which refers 
to species replacement from site to site (Baselga and Orme 2012) (see Fig. 1 for a 
schematic representation of turnover and nestedness).

We estimated the population- and between-population level impacts as differ-
ences in similarity between the plots with low vs. high dominance of the selected 
dominants, assuming that this represents the homogenizing effect of the dominant 
species (see Fig. 2 for a schematic representation of our sampling design and how 
the diversity metrics were calculated at distinct spatial scales).

At the population level, we calculated Jaccard, turnover and nestedness amongst 
all high-dominance plots and amongst all low-dominance plots to each popula-
tion of each species. We then recorded the median value in each population with 
high-dominance plots and compared them with the corresponding median values 
of the low-dominance plots.

Further, we compared the total Jaccard, nestedness and turnover of high-domi-
nance plots with native vs. alien dominants to compare their homogenizing effect. 
In the case of the population-level impacts, we also calculated the Jaccard dissimilari-
ty, nestedness and turnover between the high- and low-dominance plots within each 
population to express the population-level impact on species composition, assuming 
that the lower similarity between the low and high dominance plots (within popula-
tions) shows a larger impact on species composition. Here, to tackle the challenge of 
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turnover:   species replacement

There is gain and loss of species between the sites

nestedness: species loss in a nested pattern

The site with the lowest number of species is a 
subgroup of the richest site

Sp1 Sp2 Sp3 Sp4 Sp5

Sp4 Sp5 Sp6 Sp7 Sp8 Sp9 Sp10

plot A

plot B

Sp1 Sp2 Sp3 Sp4 Sp5

Sp4 Sp5

plot C

plot D
Sp3

Figure 1. Schematic representation of the partitioning of the Jaccard dissimilarity index into turnover and nestedness components (see 
text for the formula and more information). Turnover refers to the gain and loss of species (species replacement) between the areas (e.g. 
high dominance plots of a particular dominant species), whereas nestedness refers to the cases where the plot with the lowest number of 
species represents a subgroup of species of the richest plot/site. In the scheme, the species in blue are unique to plots A and C, the species 
in black are shared between both plots and the species in orange are unique to plot B.

Figure 2. Scheme of our sampling design and how the impacts were estimated. The plot level is marked with blue arrows, the population 
level is marked with dashed green arrows, and the between-population level with the dashed orange arrows. In each population, the me-
dian value across all high-dominance plots and the median value across all low-dominance plots were computed; these median values of 
high and low-dominance plots were then compared in the analyses.
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comparing different numbers of high and low dominance plots, given that the high 
vs low combination itself is substantially higher than high vs. high and low vs. low, we 
combined all high-dominance plots of a population as a single “high dominance plot”, 
and similarly for a single “low dominance plot”. Thus, in each population of each spe-
cies, we recorded a single direct dissimilarity distance of high vs. low-dominance plots.

To express the plot-level impacts, we used LMM regression models to relate the 
plot-level species richness and Shannon diversity to the cover of selected domi-
nants, accounting for the identity of dominant species and their populations (nest-
ed in “dominants”) by setting these as random effects. We quantified the plot-level 
impacts as the slope/intercept ratios of the corresponding LMM regression models, 
accounting for the a priori different species richness and diversity of different types 
of vegetation (see Hejda et al. 2021 for details on data processing and analyses).

Further, we used LMM models to compare the similarity, nestedness and turn-
over of low- vs. high-dominance plots at the population- and between-population 
levels and the effects of native vs. alien invasive dominants. Further, we used para-
metric and non-parametric correlations to test the relationships between the effects 
at different spatial levels.

Results

Impacts at the population level

At the population level, high-dominance plots with both native and alien domi-
nants taken together showed higher nestedness and lower turnover compared to all 
low-dominance plots (p = 0.018 and p = 0.002, resp.). In other words, sites with high 
dominance were linked to a higher degree of nestedness (which in turn is related to 
species losses), consistently for both alien and native dominants (see Table 1).

Considering all plots with native dominants (high and low dominance plots 
taken together) vs. all plots with alien dominants, we found that the former were 
more similar to each other but also had a lower nestedness than plots with alien 
dominants (p = 0.039 and p = 0.043, respectively, Table 2, see also Suppl. material 
3 for the details on statistical tests).

Comparing high-dominance plots with native and alien dominants, we found 
that the former showed lower Jaccard dissimilarity (i.e., were more similar), whereas 
the latter had marginally significantly higher nestedness (p = 0.045 and p = 0.072, 
resp). In other words, plots with a high native dominance had more species in com-
mon than plots with a high dominance of aliens, where the species loss was stronger.

Considering the low-dominance plots, no significant differences in Jaccard, 
nestedness or turnover were detected between native and alien dominants. At the 
population level, no significant differences between the effects of native vs. alien 
dominants (defined as differences in dissimilarity, nestedness and turnover be-
tween the low- and high-dominance plots) were found (Table 1).

Impacts at the between-population level

High-dominance plots with alien dominants showed higher species turnover com-
pared to high-dominance plots with native dominants, but this difference is only 
marginally significant (p = 0.051, Table 2). Comparing high and low-dominance 
plots within the same origin of dominants, native dominants show lower levels 
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of turnover in high-dominance plots compared to low-dominance plots, whereas 
alien dominants show higher levels of nestedness in high-dominance plots com-
pared to low-dominance plots (Fig. 3). Similarly to the population level, no dif-
ferences in the effects of native vs. invasive dominants, defined as the dissimilarity 
differences between the low- and high-dominance plots, were detected at the be-
tween-population level (Table 2).

Relations between the impacts at different spatial scales

No significant relationships between the impacts recorded at the plot- and either 
population- or between-population levels were detected (Table 3). On the con-
trary, strong positive relationships between the population- and between-popu-
lation level impacts were found for Jaccard dissimilarity, nestedness and turnover 
(Table 3). These strongly significant positive relationships were identified using 
both parametric (Pearson) and non-parametric correlations (Spearman, Kendall; 
see Suppl. material 3 for the results of non-parametric correlations).

Table 1. Jaccard dissimilarity, nestedness and turnover values as recorded at the population level. Each consecutive line represents the com-
parison being made (e.g. high and low plot dominance of all dominants taken together). Values differing significantly are in bold (p<0.05), 
values differing marginally significantly are in italics (p<0.1). Please see the Suppl. material 3 for more details on statistical models.

Origin of the dominant species  plot dominance Jaccard dissimilarity S.D. nestedness S.D. turnover S.D.

native and alien high 0.306 0.233 0.048 0.07 0.213 0.205

native and alien low 0.347 0.261 0.029 0.04 0.302 0.241

native high and low 0.284 0.233 0.034 0.05 0.227 0.214

alien high and low 0.374 0.255 0.045 0.065 0.291 0.238

native high 0.267 0.216 0.04 0.06 0.19 0.192

alien high 0.35 0.244 0.058 0.079 0.238 0.217

native low 0.299 0.25 0.027 0.035 0.261 0.229

alien low 0.399 0.266 0.031 0.044 0.344 0.248

native low v high 0.033 0.34 -0.013 0.072 0.073 0.316

alien low v high 0.049 0.386 -0.027 0.081 0.106 0.344

Table 2. Jaccard dissimilarity, nestedness and turnover values as recorded at the between-population-level. Values differing marginally 
significantly are in italics. Please see the Suppl. material 3 for more details on statistical models.

Origin of the dominant species plot dominance Jaccard dissimilarity S.D. nestedness S.D. turnover S.D.

native and alien high 0.296 0.126 0.032 0.035 0.194 0.114

native and alien low 0.357 0.146 0.015 0.011 0.311 0.153

native high and low 0.287 0.083 0.022 0.033 0.21 0.123

alien high and low 0.371 0.172 0.025 0.02 0.299 0.159

native high 0.263 0.035 0.03 0.045 0.146 0.082

alien high 0.333 0.177 0.034 0.024 0.247 0.125

native low 0.311 0.11 0.015 0.012 0.275 0.126

alien low 0.408 0.169 0.016 0.01 0.35 0.178

native low v high -0.049 0.111 0.014 0.047 -0.129 0.186

alien low v high -0.074 0.334 0.019 0.024 -0.103 0.286
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Table 3. Relations between the impacts at different spatial levels for alien and native dominants taken together. The impacts at the 
plot-level are defined as the slope/intercept ratios of regression models relating the plot-level richness or Shannon diversity to the cover of 
the target dominant. The impacts at the population and between-population levels are defined as differences in dissimilarity between the 
high- and low-dominance plots. Significant relations are in bold. Please see the Suppl. material 3 for more details on statistical models.

spatial level I spatial level II measure I measure II Pearson correlation p-value

plot population species richness Jaccard dissimilarity 0.283 0.24

plot population Shannon diversity Jaccard dissimilarity 0.123 0.616

plot population species richness nestedness 0.03 0.904

plot population Shannon diversity nestedness -0.052 0.833

plot population species richness turnover -0.259 0.285

plot population Shannon diversity turnover -0.093 0.704

plot between-population species richness Jaccard dissimilarity -0.172 0.483

plot between-population Shannon diversity Jaccard dissimilarity -0.085 0.73

plot between-population species richness nestedness 0.074 0.763

plot between-population Shannon diversity nestedness 0.092 0.707

plot between-population species richness turnover -0.171 0.483

plot between-population Shannon diversity turnover -0.075 0.761

population between-population Jaccard dissimilarity Jaccard dissimilarity 0.963 p<0.001

population between-population nestedness nestedness 0.777 p<0.001

population between-population turnover turnover 0.911 p<0.001

Figure 3. Between-population level results for all species. Each dot represents the median value across all sites of the same species at a cer-
tain dominance category (high or low); each line connects the dominance category of a species. Alien dominants (a-c) show higher levels 
of nestedness in high-dominance plots compared to low-dominance plots, whereas native dominants (d-f ) show lower levels of turnover 
in high-dominance plots compared to low-dominance plots. Alien species: An: Aster novi-belgii agg., Hm: Heracleum mantegazzianum, 
Ig: Impatiens glandulifera, Lp: Lupinus polyphyllus, Rj: Reynoutria japonica, Rb: Reynoutria ×bohemica, Ra: Rumex alpinus, Sc: Solidago 
canadensis, Ts: Telekia speciosa; native species: Ce: Calamagrostis epigejos, Ca: Cirsium arvense, Ch: Cirsium heterophyllum, Co: Cirsium oler-
aceum, Fu: Filipendula ulmaria, Ph: Petasites hybridus, Pa: Phalaris arundinacea, Ri: Rubus idaeus, Tv: Tanacetum vulgare, Ud: Urtica dioica.
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We found strong positive relationships between the plot-level impacts on Shannon 
diversity and population-level impacts on species composition, expressed as the simi-
larity between the low- and high-dominance plots within each population (Table 4). 
We also detected a strong negative relation between the turnover at the population level 
(the turnover component of the population-level compositional impacts) and the im-
pacts on the turnover of species at the between-population level (expressed as the differ-
ences in turnover between the low- and high-dominance plots). Similarly to the previ-
ous finding, the relationship between the turnover component of the population-level 
compositional impacts and the turnover component of the between-population-level 
impacts was significant when both parametric (Pearson correlation) and non-paramet-
ric methods (Spearman and Kendal correlation; see Suppl. material 3) were used.

Discussion

Impacts at the population level

At the population level, high-dominance plots show higher nestedness and low-
er turnover than low-dominance plots. In other words, taking alien and native 
species together, the high-dominance plots lose more species in a nested pattern, 
and the species replacement is lower than in the low-dominance plots. However, 

Table 4. Relations between impacts at the plot-, population- and between-population-levels and compositional impacts at the popula-
tion-level. These refer to the direct low v. high dominance comparison. The impacts at the plot-level are defined as the slope/intercept ratios 
of regression models relating the plot-level richness or Shannon diversity to the cover of the target dominant. The impacts at the popula-
tion and between-population levels are defined as differences in dissimilarity between the high- and low-dominance plots. Compositional 
impacts at the population level are defined as the dissimilarity between the low- and high-dominance plots within each population. Please 
see the Suppl. material 3 for more details on statistical models.

Comparison 
group

level I level II impact I impact II Correlation

A population-level plot-level (species richness) low-high dissimilarity (Jaccard 
dissimilarity)

slope/intercept ratios 0.45 (p = 0.053)

A population-level plot-level (species richness) low-high dissimilarity 
(nestedness)

slope/intercept ratios

A population-level plot-level (species richness) low-high dissimilarity 
(turnover)

slope/intercept ratios

A population-level plot-level (Shannon diversity) low-high dissimilarity (Jaccard 
dissimilarity)

slope/intercept ratios 0.586 (p = 0.008)

A population-level plot-level (Shannon diversity) low-high dissimilarity 
(nestedness)

slope/intercept ratios

A population-level plot-level (Shannon diversity) low-high dissimilarity 
(turnover)

slope/intercept ratios

B population-level population-level low-high dissimilarity (Jaccard 
dissimilarity)

low-high differences (Jaccard 
dissimilarity)

B population-level population-level low-high dissimilarity 
(nestedness)

low-high differences 
(nestedness)

B population-level population-level low-high dissimilarity 
(turnover)

low-high differences 
(turnover)

C population-level between-population-level low-high dissimilarity (Jaccard 
dissimilarity)

low-high differences (Jaccard 
dissimilarity)

C population-level between-population-level low-high dissimilarity 
(nestedness)

low-high differences 
(nestedness)

C population-level between-population-level low-high dissimilarity 
(turnover)

low-high differences 
(turnover)

-0.530 (p = 0.02)
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no significant difference in Jaccard dissimilarity between the low- and high-dom-
inance plots was recorded at the population level, suggesting that the high-dom-
inance plots are not necessarily less diverse and more homogenous than the adja-
cent low-dominance plots. Apparently, distinctive dominants can lower the local, 
plot-level (alpha) diversity without affecting the large-scale diversity expressed by 
the beta diversity indices. However, Kortz and Magurran (2019) found a con-
trasting pattern: the presence of aliens was associated with an increase in the local 
diversity, as areas with more aliens tend to have more species, but decreased the 
large-scale (beta) diversity, by making the vegetation more homogenous due to 
adding commonly shared aliens amongst the areas. A similar pattern was detected 
by Nobis et al. (2016): the local richness of native and alien species was positively 
related. However, the richness of alien species was negatively related to native beta 
and gamma diversity, which especially concerned red-listed species. Importantly, 
the fact that aliens contribute to plot-level diversity precludes the competitive ex-
clusion of native species by dominant aliens.

The homogenizing effect of alien dominants was described for some aliens, such 
as the amphibious Althernanthera philoxeroides (Wu et al. 2022). The large-scale 
impacts of this species were context-dependent, being stronger in invaded terres-
trial rather than aquatic habitats and in the northern part of the invaded range in 
China. In other cases, the effects of invasive aliens on native diversity were detect-
ed to be consistently negative across different spatial scales. For example, Stotz et 
al. (2019) detected a consistently negative effect of the invasive Bromus inermis 
both within and across individual grasslands in Alberta, Canada, and Boscutti et 
al. (2020) detected a spatially consistent negative effect of the invasive Amorpha 
fruticosa in northern Italy. Interestingly, Bando et al. (2022) detected a negative 
effect of the invasive Urochloa arrecta on both spatial and temporal beta-diversity 
in Brazil.

We did not find studies comparing the large-scale effects of multiple invasive 
and native dominants, even though there are studies comparing the large-scale 
impacts of invasive aliens in their native and invaded ranges – see for example Lolis 
et al. (2019), who detected a negative effect of the invasive Eichhornia crassipes on 
both alpha and beta diversity in the invaded range, China, but not in its native 
range, Brazil.

When comparing plots with high dominance of native species with those of 
aliens, the former were more similar (i.e., showed lower dissimilarity), pointing 
to their stronger homogenizing effect. At the same time, high-dominance plots 
with native dominants also showed marginally lower nestedness than their alien 
counterparts. The same pattern was detected for all plots merged regardless of the 
degree of dominance: those with native dominants are more similar but show low-
er nestedness than plots with alien dominants.

Impacts at the between-population level

It needs to be stressed that the tests on the differences between high- and low-dom-
inance plots, as well as between the native vs. alien dominants at the between-pop-
ulation level, are weak due to the high residual variability. This is because the 
data include samples with different dominants, both native and alien, and with 
different types of vegetation, both within- and across dominants. Inevitably, this 
introduces a lot of residual variability that remains unexplained by our models.
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No significant differences between the low- and high-dominance plots and be-
tween the native and alien dominants were recorded at the between-population 
level, except that high-dominance plots with native dominants showed a margin-
ally significantly lower species turnover. This again suggests a slightly stronger ho-
mogenizing effect of native dominants, similar to that recorded at the population 
level. This is also in line with recent evidence that areas across the globe with alien 
plants have higher levels of species replacement than areas with native species only 
(Kortz et al. 2023).

Relationship between the impacts of dominant species recorded at 
different spatial scales

When the population and between-population-level impacts were defined as 
differences in Jaccard similarity, nestedness, and turnover between the low- and 
high-dominance plots, no significant relationships between the impacts recorded 
at the plot level and those measured at either the population or between-pop-
ulation levels were revealed. However, we recorded strong positive relationships 
between the impacts at the population- and between-population levels, and this 
holds for all three indices used, i.e., Jaccard dissimilarity, nestedness and turnover. 
This clearly shows that the impacts at the population- and between-population 
levels are strongly related; however, it also confirms that plot-level impacts cannot 
be easily extrapolated to higher spatial scales.

On the contrary, we recorded strong positive relations between the plot-level 
impacts on Shannon diversity and the population-level impacts on species compo-
sition. This indicates that changes in the plot-level alpha diversity are strongly asso-
ciated with compositional changes. Further, the turnover component of the popu-
lation-level compositional impacts was strongly negatively related to the turnover 
component of the between-population-level impacts, defined as the differences 
between the low- and high-dominance plots.

Conclusions

Our results suggest that the homogenizing effects of native dominants are equal 
to or even stronger than those of the invasive alien dominants, which concerns 
the impacts recorded at the population- and partially also at the between-popula-
tion levels.

Our results also support the assertion that the plot-level impacts on neither 
species richness nor Shannon diversity can be easily extrapolated to higher spatial 
levels. However, the plot-level impacts on Shannon diversity relate to the compo-
sitional impacts recorded at the population level, and the impacts recorded at the 
population- and between-population levels are also positively associated.

These results suggest that conservation efforts aiming at the maintenance of the 
diversity of communities and landscapes should target not only invasive aliens but 
also native expansive species with dominant tendencies. This is especially true in 
Eurasia or the Old World in general, with an array of native synanthropic domi-
nants with expansive tendencies. However, the situation may be completely differ-
ent in areas without a long tradition of a strong human impact (New World, dis-
tant islands, and archipelagos), which may be, therefore, presumed to lack native 
dominants with synanthropic tendencies.
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