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Abstract – This study aims to investigate, for the first time, the multiple diversity harbored in plant
communities dominated by P. australis, discriminating between lentic and lotic habitats. We focused on the
incidence of alien species on taxonomical, phylogenetic and functional diversity. Although it was
hypothesized that ecological differences between habitats (lentic vs. lotic) could lead to plant adaptive trade-
offs, results showed that the P. australis dominance affected overall plant diversity in the same way in both
target habitats. Similarly, the two compared habitats hosted a similar alien species richness and relative
abundance. Different results were observed based on whether the alien species richness or their relative
abundance were considered regarding the incidence of alien species. Increasing alien species richness in
lentic habitats resulted in increased taxonomic, phylogenetic and functional diversity. Instead, in lotic
habitats, it promoted a decrease in taxonomic and functional diversity. In contrast, the increase in the relative
abundance of alien species resulted in increased taxonomic, phylogenetic and functional diversity in both
habitats. Choosing relative abundance vs richness of aliens in lotic stands can have a different impact in
evaluating the effect of aliens on various components of diversity.
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1 Introduction

Alien plant invasion is one of the most important drivers of
biodiversity loss and ecosystem degradation worldwide
(Seebens et al., 2017; Bolpagni, 2021). Among the several
deleterious impacts on native communities, invasive plants
may produce dramatic changes in structure and function of
invaded ecosystem (Blackburn et al., 2014; Lazzaro et al.,
2020a). Among others, two main hypotheses attempt to predict
the incidence of invasion based on the ecological differences
between alien and native species within communities (Enders
et al., 2020). Firstly, environmental filtering (Kembel and
Hubbell, 2006) would ensure that alien species, with similar
ecological optimum to native species, might have a greater
possibility of establishing and spreading. This would mean that
a part of the functional and phylogenetic space, originally
ding author: mariabeatrice.castellani@unifi.it
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occupied by native species in communities, being filled by the
alien ones (Delle Fratte et al., 2019). Secondly, the “Darwin’s
naturalization hypothesis” (Rejmánek, 1996) claims that
invasion would increase functional and phylogenetic diversity,
when compared to non-invaded communities (Funk et al.,
2008). In fact, alien species might exploit unfilled ecological
niches if they are functionally and/or phylogenetically
different from the native ones (Thuiller et al., 2010).

Wetlands seem to be especially vulnerable to invasions:
while they cover only a small portion of the earth’s land mass,
24% of the world’s most invasive plants are wetland species
(Bolpagni, 2021). Several disturbances, such as creating
canopy gaps, hydroperiod alteration and propagule dispersal
routes, facilitates wetland invasion (Galatowitsch et al., 1999;
Rejmánek, 2000; Miller and Zedler, 2003). Lentic and lotic
habitats represent stand-alone systems, with its own physical
and chemical characteristics, differing in local environmental
conditions (e.g., habitat geometry, presence or absence of flow,
time of water residence) as well as hydrological connectivity
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(Hutchinson, 1975; Wetzel, 2001). On the one hand, lentic
habitats are closed depositional environments, often showing
standing and shallow water, generally interconnected to the
main canals of the drainage basin thanks to small water
bodies, which in turn, limits the water level oscillations and
influx-outflux of matter and organisms (Cristofoletti, 1981).
Conversely, lotic habitats are open systems where the
continuous water flow carries sediments and nutrients derived
from underlying catchments (Cristofoletti, 1981) and serves
as a vector of propagules dispersion. In this case, flowing
water tends to be a limiting and controlling factor, stronger
than in lentic environments. These different geomorphologi-
cal and hydric conditions heavily affect the community
structure (France and Duffy, 2006; Starzomski and
Srivastava, 2007), the dispersion of aquatic taxa, and their
coexistence in multiple sites (Bilton et al., 2001; Bolpagni
and Dalla Vecchia, 2021).

Phragmites australis-dominated stands are the predomi-
nant component of submerged and emergent shores of lakes,
swamps, pools, ponds, riverbanks and hydrological net-
works (Landucci et al., 2013), most often with water level
ranging from slightly below the soil surface to one meter
above ground level (Brix, 1988; Ostendorp, 1993; Ailstock
and Cente 2000). Indeed, reed beds play a key structural and
functional role in freshwater ecosystems. They offer a
suitable environment for the protection of land-water
transition ecosystems and their components (Orsomando
and Catorci, 1991). In addition, these areas provide multiple
services for humans such as flood control and improving
water quality (Carpenter and Lodge, 1986; Engelhardt and
Ritchie, 2011; Smith et al., 2009). For these reasons,
plant communities dominated by P. australis are fundamen-
tal for the biodiversity conservation, in particular, in the
Mediterranean areas where the anthropic activities, such as
water drainage, changes in land use, pollution and soil
erosion upstream, lead to lower values of functional
diversity, favoring the invasion of alien species
(Gigante et al., 2011).

Several studies described reed-dominated communities
from floristic and phytosociological point of view or showed
the effects of multiple factors, biotic and abiotic, on the
integrity of these sensitive communities (i.e., Coppi et al.,
2018; Lastrucci et al., 2016; Angelini et al., 2012; Gigante
et al., 2011). On the other hand, to the best of our knowledge,
no comparative analyses have been carried out in terms of plant
diversity between reeds of lentic and lotic habitats and, as far as
we know, studies integrating taxonomical, functional, and
phylogenetic information are totally absent. As well, it lacks
specific literature on the role of alien species on the structure
and functions of reed-dominated communities. To date, studies
only investigated the effect of P. australis as an alien species
(i.e., Ailstock et al., 2001; Uddin and Robinson, 2017b).
Recently, the increased availability of phylogenetic data,
coupled with the huge development of informatics tools, has
promoted the rapid expansion of studies on community
ecology (Cadotte et al., 2010; Mouquet et al., 2012). The main
idea behind this approach is to interpret taxa phylogenetic
positions as result of evolutionary processes, such as extinction
(Purvis et al., 2000), speciation (Winter et al., 2009) and
biological invasion (Srivastava et al., 2012). It has already
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become widely accepted that merging the phylogenetic and
functional information allows to better quantify the impact of
disturbances and to understand the processes contributing on
plant community dynamics (Flynn et al., 2011; Perronne et al.,
2014; Dehling et al., 2014; Hao et al., 2018; Chun and Lee,
2019; Lazzaro et al., 2020b).

In both lentic and lotic environments, P. australis
dominated communities host a variable number of subordinate
or alien species, whose presence can vary differently among
sites. In this contest, we can hypothesize that the community
assembly rules operate under a series of filters showing
spatially nested effects (de Bello et al., 2013), which determine
(i) stochastically and time-depending, the pool of colonizing
species’ of a location; (ii) which species should be selected
locally through abiotic filters (i.e., water flooding or canopy
gaps); (iii) the set of coexisting species modulated by the
positive and negative interactions between organisms (biotic
filters) within communities.

This study aims to investigate, for the first time, (i) the
taxonomical, functional, and evolutive diversity harbored in
communities dominated by P. australis discriminating
between lentic and lotic habitats; (ii) the contribution of alien
species on lentic and lotic wetland vegetations dominated by
P. australis, and (iii) their incidence on taxonomical,
phylogenetic and functional diversity of these environments.
The main hypothesis of this work was that lentic habitats
would have a more incidence of competitive exclusion instead
of lotic environments that, in turn, potentially showed a higher
incidence of abiotic filters. This differentiated behavior may
regulate the establishment and affirmation of alien species,
with a higher expected number of alien taxa in lotic sites due to
their greater vulnerability to physical and chemical disturbance
(Rosset et al., 2017).

2 Materials and methods

2.1 Dataset

We assembled a dataset (SupplementaryMaterial, Tab. S1)
based on published studies of wetland plant communities from
both central and northern Italy (Tab. S2), representative of the
main lentic and lotic environments in the study area
(S3a,b). In the present work, the “lentic sites” include the
environments not subject to direct influence of current action,
such as lakes, ponds, or pools. Whereas all sites influenced by
recurring flooding events have been included in the “lotic”
systems. As to consider only reed-dominated communities,
only the relevés with P. australis cover ≥50% or with Braun-
Blanquet values of 4 and 5 were extracted from the selected
literature. In addition, new floristic and vegetational data from
four localities (Lake Idro, Oglio riverscape, Busatello swamp,
and the Reggio Emilia lowland) were collected to expand the
geographical representativeness of our dataset. To maximize
the comparability between studies and plots, both the size
(from 2 to 100 m2) and the sampling date (from 1989 to 2020)
of all relevés were considered in the analysis. In addition, to
further ensure comparability among data in terms of
ecological and climatic conditions, an altitudinal threshold
was fixed (500m a.s.l.), excluding all the relevés recorded
above this limit.
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2.2 Quantifying biodiversity

The species abundancematrix (Tab.S1)wasused toquantify
three components of biodiversity: taxonomic, phylogenetic and
functional diversity. For each component we calculated one
metric based on species presence and one diversity metric
weighted on species abundance.

Taxonomic diversity (TD) was estimated by two traditional
metrics: species richness (SR), as the number of species in each
plot, and Shannon’s index (H), which accounts for species
richness and their relative abundance (Lamb et al., 2009). All
analyses were performed in R 3.0 software using the “vegan”
package vers. 2.5-7 (Oksanen et al., 2020).

Phylogenetic diversity (PD)was quantified using the Faith’s
phylogenetic diversity (PDF) metric (Faith, 1992), a measure of
the cumulative evolutionary age used in conservation research
(Forest et al., 2007, Morlon et al., 2011, Rodrigues and Gaston,
2002), and the Mean Pairwise Distance (phy.MPD) metric, the
average evolutionary distance between all pairwise species in a
plot (Webb, 2000). In contrast to PDF, this metric does not
compare values to a null model and it does not consider the
number of taxa. PDF and phy.MPD calculations were performed
withRsoftware (RCoreTeam,2017),using the“picante”package
vers. 1.8.2 (Kembel et al., 2010) and the “PhyloMeasures”
packagevers. 2.1 (TsirogiannisandSandel, 2016) respectively.To
compute these metrics, a phylogenetic tree was reconstructed
using the online bioinformatics tool Phylomatic (Webb and
Donoghue, 2005), matching the list of all our family/genus/
species according to APG III (Angiosperm Phylogeny Group,
2009). and the tip labels of phylogenetic megatree from
Zanne et al. (2014).

To compute functional diversity metrics, we selected four
traits related to the ecosystem function of interest, i.e., leaf
economic spectrum and morphology traits: Leaf mass (LM),
Leaf Area (LA), Specific Leaf Area (SLA) and Leaf Dry
Matter Content (LDMC) (see Perez-Harguindeguy et al.,
2016). Functional traits for each species were obtained from
international trait databases, LEDA (Kleyer et al., 2008) and
TRY (Kattge et al., 2020). In case multiple values were
available for a single species, the average value of the trait was
used. In addition, traits values of eight species (Cirsium
creticum, Cyperus strigosus, Eclipta prostrata, Euphorbia
palustris, Hibiscus moscheutos, Oenanthe silaifolia,
Symphyotrichum squamatum and Typha minima), which
were missing in the databases, were measured in this study
(Tab. S4). Functional diversity (FD) of each plot was estimated
using two multi-trait metrics: the functional richness (FRic),
given by the volume occupied by the community in the
multidimensional space (Villéger et al., 2008), and the Rao’s
quadratic entropy (RaoQ), which reflects the abundance of
each species, as well as the pairwise functional difference
between species. Both these metrics were chosen for their
adequate power to detect assembly rules (Mouchet et al., 2010)
and were performed with R software using the package “FD”
vers. 1.0-12 (Laliberté et al., 2014).

2.3 Data analysis

The differences in taxonomic, evolutive, and functional
diversity harbored in both lentic and lotic habitats dominated
by P. australis were investigated by means of linear mixed
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models (LMMs). The models included a random structure
with two random effect factors, one accounting for the
different source of the data, and one accounting for the
relevés surface. In LMMs, response variables were trans-
formed adopting the one-parameter Box–Cox transforma-
tion (Box and Cox, 1964) to achieve normality of residuals.
The LMMs were carried out in R software using “lmerTest”
package version 3.1-3.

We evaluated the differences in alien species richness
(A.SR) and in their relative abundance (A.RelAb) among the
two types of habitat. Considering the high number of zeros
(i.e., relevés not including alien species) we fitted two
separated zero-inflated mixed models (ZIMMs), accounting
for a double component in the models: a binary response in a
logistic regression (i.e., the zero inflated model) and a non-zero
response regression (i.e., the conditional model). The non-zero
response regression was described by a Poisson family in case
of A.SR, while a Gamma family has been adopted in case of
A.RelAb. Indeed, A.SR was defined as the number of alien
species in each plot (count data), while A.RelAb was
calculated as relative cover of alien species at each plot
(continuous percentage data). The models included a random
structure with two random effect factors, one accounting for
the different source of the data, and one accounting for the
relevés surface. The ZIMMs were carried out in R software,
using the package “glmmTMB” vers. 1.0.2.1 (Magnusson
et al., 2017).

To evaluate the effect of habitat, and respectively of A.SR
or A.RelAb, on all three components of biodiversity (TD, PD
and FD) we fitted two series of LMMs, with a Gaussian
distribution, in a full factorial ANOVA design (thus including
the interaction terms). In this case all the indices were
calculated excluding the alien species from the community
matrix. As above the models included a random structure with
two random effect factors, one accounting for the different
source of the data, and one accounting for the relevés surface.
The LMMs were carried out in R software using “lmerTest”
package version 3.1-3. All plots were drawn using “effect”
package version 4.2-0 (Fox, 1987).

3 Results

3.1 Dataset

The final dataset included 231 vegetational plots, of which
176 representative of lentic habitats and 55 of lotic habitats.
A total of 208 vascular macrophyte species was recorded, 104
in lentic and 34 in lotic habitats. Among the 208 macrophytes,
25 were identified as alien species, of which nine were
exclusive for lentic habitats and eight for the lotic ones
(Tab. 1). The range of A.SR was from 0 to 3 in the lentic stands
and from 0 to 7 in the lotic ones. Regarding the A.RelAb, it
varied from 0 to 15.5 in the lentic stands and from 0 to 37.5 in
the lotic ones (Tab. S5).

3.2 Quantifying biodiversity

Lentic and lotic habitats did not show significant
differences in the diversity metrics (Tab. S6) The mean
values of each diversity metric for both habitats are shown in
Table 2.
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Table 2. Mean value of each diversity metric in lentic and lotic habitats. Species Richness (SR), Shannon’s diversity index (H), Mean Pairwise
Distance (phy.MPD), Faith’s phylogenetic diversity (PD), functional richness (FRic), functional Rao’s quadratic entropy (RaoQ).

Habitat SR H PDF phy.MPD FRic RaoQ

Lentic 7.16 0.57 1282.19 276.97 2.39 0.85

Lotic 6.65 0.66 1245.94 298.70 2.35 1.07

Table 1. List of alien species exclusive for each habitat and shared among habitats. For each species, frequency (F) and relative abundance
(A.RelAb) were also shown.

Species Lentic habitat Lotic habitat

F RelAb F RelAb

Acorus calamus 3 0.5
Bidens connata 1 0.83
Eclipta prostrata 2 1.17
Hibiscus palustris 8 3.83
Humulus scandens 12 19.53
Lemna minuta 10 8.55
Parthenocissus quinquefolia 3 2.17
Periploca graeca 1 0.17
Sorghum halepense 5 2.37
Amaranthus tuberculatus 2 1.17
Cyperus glomeratus 2 0.33
Eragrostis pectinacea 1 0.17
Helianthus tuberosus 1 0.17
Lonicera japonica 1 5
Panicum dichotomiflorum 2 0.33
Populus xcanadensis 1 0.17
Sicyos angulatus 2 2
Amorpha fruticosa 17 3.29 1 3
Bidens frondosa 29 1.13 5 3.9
Galega officinalis 5 3.42 1 0.5
Paspalum distichum 7 4 2 0.5
Solidago gigantea 3 2.17 1 0.5
Symphyotrichum lanceolatum 1 0.05 2 18.78
Symphyotrichum squamatum 1 0.5 1 0.5
Xanthium italicum 4 0.39 7 1.21
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The SRmetric varied from 1 to 21 (BU22) and from 1 to 14
(PANT11) species per plot, in lentic and lotic habitats,
respectively. Moreover, lentic communities showed a higher
number of monospecific stands (ms) than the lotic ones (21 and
one respectively). RegardingH index, values ranged from0 (ms)
to 1.82 (BU64) in lentic communities, and from 0 (ms) to 1.98
(PANT6) in lotic ones (Tab. S5).

Theevolutive reconstructionof lentic and loticmacrophytes’
communities was shown in supplementary materials (newick
tree S7). Regarding PDF metric, values of lentic comminuities
ranged from640.15 (14EVi05) to 2776.68 (BU06),while values
of lotic ones ranged from 640.15 (ARNO15) to 2007.38
(PANT11).Lookingat thephyMPDmetric,values ranged from0
(ms) to 515.43 (SERR3) in lentic communities, and from 0 (ms)
to 417.09 (ARNO11) in lotic ones (Tab. S5).

The FRic metric ranged from 0 (ms) to 20.30 (MASSAC14)
in lentic communities, and from 0 (ms) to 8.21 (PANT 5) in lotic
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ones. Looking at the RaoQmetric, values of lentic communities
ranged from 0 (ms) to 11.52 (PORTA01), while values of lotic
ones ranged from 0 (ms) to 3.44 (ARNO1) (Tab. S5).
3.3 Differences in A.SR and in A.RelAb as a function
of habitat type

No significant effect of the habitat type was found as to both
the alien species richness (A.SR) and the relative abundance of
alien species (A.RelAb) (Tab. S8).

3.4 Effect of habitat, alien species and their
interaction on TD, PD and FD

A.SR:Model results showed that only in lentic habitats, the
taxonomic, phylogenetic and functional diversity increased at
f 10
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Fig. 1. Interaction plot from the linear mixed models showing the effect of the alien species richness (A.SR) on the different diversity metrics in
both habitats. Species Richness (SR), Shannon’s diversity index (H), Mean Pairwise Distance (phy.MPD), Faith’s phylogenetic diversity (PD),
functional richness (FRic), functional Rao’s quadratic entropy (RaoQ).
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increasing species richness. Regarding lotic habitats, taxo-
nomic and functional diversity metrics decreased at increasing
species richness, while phylogenetic diversity remained almost
unchanged (slightly higher). Specifically, the H and RaoQ
metrics were influenced by the Habitat:A.SR interaction
(P= 0.044, Fig. 1B; P = 0.017, Fig. 1F; Tab. S9), while the
phyMPD metric was influenced by A.SR (P= 0.039, Fig. 1D;
Tab. S9). In addition, despite having similar trends compared
to the other biodiversity components, the SR, PDF and FRic
metrics were only marginally influenced by A.SRþHabitat:
Pag
e 5 o
A.SR, Habitat:A.SR and Habitat, respectively (P < 0.1;
Fig. 1A, C, E; Tab. S9).

A.RelAb: The effect of the A.RelAb on the three
components of biodiversity (TD, PD and FD) was not
statistically different between both habitats (Tab. S10).
However, there was a positive correlation between the A.
RelAb and three metrics: H, phy.MPD and RaoQ (P= 0.014,
Fig. 2B; P = 0.032, Fig. 2D; P = 0.016, Fig. 2F; Tab. S10). Even
in this case, the SR metric was only marginally influenced by
A.RelAb (P < 0.1, Fig. 2A; Tab. S10).
f 10
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Fig. 2. Interaction plot from the linear mixed models showing the significant effect of the relative abundance of alien species (A.RelAb) on the
different diversity metrics in both habitats. Species Richness (SR), Shannon’s diversity index (H), Mean Pairwise Distance (phy.MPD), Faith’s
phylogenetic diversity (PD), functional richness (FRic), functional Rao’s quadratic entropy (RaoQ).
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4 Discussion

In this study, we applied a multidimensional approach
including taxonomic, functional and phylogenetic data to
enhance our basic understanding of plant diversity between
P. australis dominated communities. To the best of our
knowledge, the outcome of this study carried out for the first
time a comparison of the above-mentioned diversity facets of
habitats dominated by P. australis across lentic and lotic
conditions. Moreover, we analysed, for the first time, the
incidence of alien species on the “multiple diversity” of reed-
dominated plant communities for lentic and lotic habitats.
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Although it was hypothesised that the ecological diffe-
rences between lentic or lotic habitats can lead to plant
adaptive trade-offs (Cristofoletti, 1981; Wetzel, 2001;
Starzomski and Srivastava, 2007), thus shaping the assembly
rules of plant communities, the outcomes of our work showed a
substantial lack of differences in taxonomic, functional and
phylogenetic diversity between lentic and lotic communities.
Therefore, it is conceivable that the P. australis dominance
affected the overall plant diversity in the same way in both
target habitats. Uddin and Robinson (2017a) noted that the
taxonomic diversity of reed-dominated plant communities
differed significantly according to the density of P. australis.
f 10



M.B. Castellani et al.: Knowl. Manag. Aquat. Ecosyst. 2022, 423, 5
Since we considered a reduced range of coverage rates (the
highest Braun-Blanquet values possible, notably 4 and 5), this
may explain why no differences were observed in the
taxonomic indices calculated. Miler et al. (2014) analysed
the biochemical and morphological differences between river
and lake macrophytes. They showed that the observed
differences could be explained by wind disturbance in lentic
sites and by the water regime disturbance in lotic habitats.
However, P. australis is an “ecosystem engineer species” par
excellence, and its dense stands play an essential role as a wind
and wave breaker (Takeda and Kurihara 1988; Vymazal 2011;
Karstens et al., 2016). Therefore, the same high level of reeds
coverage may have buffered different abiotic factors and led to
similar levels of functional diversity across habitats. Moreover,
the dominance of P. australis in dense stands may have
promoted biotic interactions such as competitive exclusion,
promoting random phylogenetic assemblage of communities
in both habitats, and no phylogenetic differences across lentic
and lotic stands. Similar outcomes were shown by Veldkornet
et al. (2019) for riparian plant communities of streams and
estuaries dominated by common reed. Most of the stands in
estuaries showed no phylogenetic structure suggesting the
coexistence of plant species structured mainly by biotic
interactions (Veldkornet et al., 2019, and references therein:
Mayfield and Levine, 2010; Barber et al., 2017). However,
beyond the direct effects of P. australis, riparian macrophytes
show a wide ecological adaptability, being able to establish and
develop both in lotic and lentic ecosystems (such as P. australis
itself). In the present study, we focused on lowland areas
(below 500m a.s.l.) where rivers tend to acquire physical
features very similar to those of lentic habitats (e.g., due to
slowed flows or damming), which could justify the composi-
tional convergence between sites in terms of “companion
species” of P. australis. Furthermore, the global alteration of
inland waters, both in terms of water quantity and quality, has
huge effects on aquatic species that are among the most
threatened biodiversity facets (Dudgeon, 2019; van Rees et al.,
2021). In heavily exploited landscapes, this translates into wet
hyper-simplified plant communities characterized by an ever-
increasing structural similarity (Bolpagni and Piotti, 2016;
Bolpagni et al., 2016).

Similarly, we found that the lentic and lotic habitats host a
comparable alien species richness and relative abundance. This
is in linewith thefindings byBoggero et al. (2014)which did not
notice differences between lentic and lotic habitats comparing
different invaded biological communities. It should further be
noted here that in our case indeed the definition of lotic
ecosystems did include very different river ecosystems from
each other, with a high variability ofwater regimes.Actually, the
intensity of water flow is known as a pivotal factor that drives
alien cover and richness in river ecosystems (see also below)
(Heidbüchel and Hussner, 2020; Bolpagni, 2021), and it is
conceivable that including it in our analysis could have led to
different results. However, as previously discussed, we
investigated a wide set of sites subjected to a huge range of
human impacts that can completely change the hydrological
functioningofaquatic ecosystems,greatly reducingourability to
assess their local effects. Further efforts will be needed in this
direction to improve our understanding of human-mediated
effects to P. australis-communities invasibility.
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4.1 Incidence of alien plant species

Regarding the incidence of alien species on the different
components of biodiversity, different results were observed
based on whether the alien species richness or their relative
abundance were considered. Already Brummer et al. (2016), in
similar environments (i.e., gravel floodplain ecosystems),
recognized that alien cover and richness were shaped differently
bydifferent variables (such aswaterflow, substrate texture). This
supports the idea that alien richness and relative abundance may
also relate to different impacts on the colonized communities
(Montanarietal., 2020;Bolpagni andDallaVecchia, 2021).As to
the roleof the relative abundance it shouldbenoted thatwhile it is
generally agreed that there is a strongpositive relationship among
alien species abundance and subsequent impacts, it has been
shownthat evenat lowabundance, alienplantsmay impactnative
plant richnessatboth local and landscapescales (Bernard-Verdier
and Hulme, 2019).

The impact of alien species richness (A.SR) was different
between lentic and lotic habitats, increasing A.SR in lentic
habitats resulted in increased taxonomic, phylogenetic and
functional diversity. Supporting the “Darwin’s naturalization
hypothesis” (DNH) (Rejmánek, 1996), alien species exploit
unfilled ecological niches (Thuiller et al., 2010) and make the
phylogenetic and functional space more saturated, providing a
new subset of traits and evolutionary origins in invaded
communities (Funk et al., 2008). On the other hand, the
higher richness of alien species in lotic habitats promoted a
decrease in taxonomic and functional diversity. Based on
these observations, alien species established in lotic stands
occupy a portion of the functional space within the native
communities’ range, thus leading to an increased similarity
between species in invaded communities. In addition, the phy.
MPD metric showed that the communities most invaded had
similar or slightly higher phylogenetic distance thannon-invaded
ones, suggesting close phylogenetic relatedness of invaders to
native species (Lososová et al., 2015). These results are
consistentwith the hydrologic disturbance towhich lotic habitats
are subjected. This abiotic factor must then be considered as the
maindriver infilteringalien specieswithecological requirements
and advantageous traits similar to those of native species
(Campos, 2010). According to the hypothesis of environmental
filtering (Kembel and Hubbell, 2006), alien species with high
similarity to resident species tend to have similar ecological
adaptations asnative species andhave a better chance to establish
and spread. In contrast, the increase in phylogenetic diversity in
lentic habitat is consistent with less intense hydrological
disturbance and greater habitat stability than lotic ones. In these
environments, the closed depositional conditions may promote
coexistence of species fromdistant lineages via niche differences
(Kitagawa et al., 2015; Lososová et al., 2015).

In contrast to patterns of A.SR, the impact of relative
abundance of alien species (A.RelAb) was not different
between lentic and lotic habitats. The increase in A.RelAb
resulted in increased taxonomic, phylogenetic and functional
diversity in both habitats. On the one hand, results suggest that
DNH is confirmed for lentic communities where the more
abundant alien plant species entering the communities promote
the taxonomic, functional and phylogenetic dispersion. On
the other hand, choosing relative abundance vs richness of
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aliens in lotic stands can have a different impact in evaluating
the effect of aliens on the different components of diversity.
Previous studies supported that the influences of invasive
alien species on plant taxonomic diversity may vary with
degree of invasion (Dong et al., 2015). Two studies, based
only on one alien species, showed that a low degree (less than
50%) of relative abundance of the alien species was
associated with a significant increase in the taxonomic
diversity of plant communities (Wang et al., 2018, 2021). As
taxonomic diversity, also functional diversity may vary with
degree of invasion. McGrannachan and McGeoch (2019),
examining the effect of multispecies’ invasion to the
community level, showed that functional diversity of the
understoreycommunity increaseduntil the relative abundanceof
alien species remained low (∼20%). Within our framework,
P.australiswas themostabundant species (above64.5%ofmean
coverage), andnoneof the alien species had a relative abundance
greater than 35%. As in forest ecosystems, the low degree of
relative abundance of alien species may not have negatively
affected the diversity metrics, confirming the importance of this
aspect in evaluating the diversity of reed communities.
5 Conclusions

Based on a large dataset (231 plots), referred to a key
conservation area for wetland plant diversity at the global scale
(Northern and Central Italy; Bolpagni et al., 2018), the present
paper offered new insights on different levels of diversity
(taxonomic, functional, and evolutionary) in communities
dominated by P. australis.

Main outcomes revealed a substantial comparability
between lentic and lotic P. australis communities in terms
of diversity facets. The dominance of common reed affected
the diversity of plant communities of both target habitats more
than the absolute presence of alien species. Further inves-
tigations are still required to widen the dataset to rebalance the
number of relevés concerning the two macro-typologies of this
study (lotic vs lentic), which are here strongly biased towards
lentic habitats, and to include other geographical areas. This
will allow to fully clarify the shaping role of P. australis on
wetland plant diversity, offering essential information to
design affective ecological recovery plans, as well as
guaranteeing adequate levels of protection to one of the
biodiversity components (i.e., the freshwater one) at greatest
risk of global extinction.

Supplementary Material

Table S1. Dataset based on published and new vegetational
relevés of reed-dominated plant communities.

Table S2. The list of published vegetational relevés of reed-
dominated plant communities.

Table S3.a: List, abbreviation names, and coordinates of
the macro-localities investigated. S3.b: Map of of the macro-
localities investigated.

Table S4. Traits values of species which were missing in
the databases.

Table S5. The taxonomic, phylogenetic and functional
diversity values of each plot.
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Table S8. Summary table for zero-inflated mixed models
evaluating the differences in alien species richness and in their
relative abundance among the two types of habitat.

Table S9. Analysis of variance table for the effect of habitat
and alien species richness on taxonomic, phylogenetic and
functional diversity indexes.
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