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Abstract

Invasive alien species are drivers of biodiversity loss and can alter forest functioning. Despite the expansion of Ligustrum
lucidum across South America, its effects on the functional organization of tree communities in urban Atlantic alluvial
forests remain poorly understood. Here, we examined how variation in L. /ucidum abundance relates to functional trait
composition and diversity across a 103-plot permanent monitoring network in southern Brazil. We quantified leaf and
structural traits, calculated community-weighted means and functional diversity indices, and combined multivariate analy-
ses with structural equation modeling to evaluate direct and indirect relationships among invasion intensity, community
assembly, and functional structure. L. lucidum exhibited trait values distinct from those of native species, occupying one
extreme of the community functional space and accumulating substantially greater biomass. Increasing invader abundance
was associated with declines in native species richness and with reductions in functional dispersion (FDis) and Rao’s
quadratic entropy (RaoQ), indicating contraction of trait breadth and increasing similarity among native assemblages.
However, invasion intensity was not directly associated with functional diversity. Instead, changes in FDis and RaoQ
were mediated indirectly through shifts in species richness and dominant trait composition, demonstrating that functional
reorganization emerges from trait-mediated community reassembly rather than direct suppression by the invader. Together,
these findings indicate that L. lucidum acts as an ecological filter that reshapes trait structure, reduces functional redun-
dancy, and may weaken ecosystem resilience in urban alluvial forests. Integrating functional metrics into monitoring and
management is therefore critical for early detection, risk assessment, and restoration.
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Introduction

Biological invasions are widely recognized as one of the
leading drivers of biodiversity loss, ecosystem dysfunction,
and degradation of ecosystem services worldwide (Simberl-
off etal. 2013). When introduced beyond their native ranges,
non-native species can alter community composition, mod-
ify resource availability, and disrupt ecological processes,
often generating substantial economic, environmental, and
social impacts (CBD 2020; Pysek et al. 2020). These risks
are expected to intensify under accelerating climate change,
urban expansion, and increasing global connectivity, which
collectively enhance propagule pressure and disturbance
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hydrological connectivity—create recurrent disturbance
and high resource turnover, conditions that facilitate colo-
nization and rapid population growth of non-native plants
(Richardson et al. 2007; Rood et al. 2020). Across conti-
nents, invasive trees frequently dominate these environ-
ments, replacing native vegetation and modifying structural
and functional attributes of ecosystems. Examples include
Ailanthus altissima in North American riverine forests,
Salix species in Oceania, and Australian Acacia species in
South African riparian zones, all of which alter regenera-
tion dynamics, nutrient cycling, and biomass accumulation
(Doody et al. 2014; Scott-Shaw et al. 2017; Mclnerney et
al. 2021; Lusizi et al. 2024). Such processes may promote
biotic homogenization and reduce functional stability, with
consequences for ecosystem resilience and service provi-
sion (Diaz et al. 2013; Villéger et al. 2014).

Within this context, the Asian genus Ligustrum (Ole-
aceae) includes several globally invasive woody species.
Among them, Ligustrum lucidum W.T. Aiton has become
one of the most widespread tree invaders in subtropical
and temperate regions due to its broad ecological tolerance,
rapid growth, evergreen habit, and prolific bird-mediated
seed dispersal (Nogueira et al. 2020; Fernandez et al. 2020).
In invaded forests, L. lucidum often forms dense, persistent
canopies that strongly reduce understory light availability
and alter litter inputs and microclimatic conditions, leading
to shifts in vegetation structure and regeneration patterns.
Field studies have documented substantial increases in leaf
area and structural biomass in stands dominated by this spe-
cies, accompanied by declines in native tree recruitment
(Paronetto et al. 2025).

Functional ecology provides a useful framework for
understanding how such invasions are associated with
changes in community assembly. Trait-based approaches
enable the quantification of how species differ in resource-
use strategies and how these differences influence coexis-
tence, environmental filtering, and ecosystem functioning
(Funk et al. 2017). In this context, two non-exclusive mech-
anisms may operate: invaders may occupy functional space
formerly filled by native species (niche replacement), or
community composition may shift toward a narrower range
of strategies (trait convergence), reducing functional diver-
sity and redundancy (Tordoni et al. 2019). Importantly,
these relationships are often bidirectional. While invasive
species can modify community structure and functioning,
pre-existing functional characteristics—such as low diver-
sity or particular trait syndromes—may also increase eco-
system susceptibility to invasion (Gaertner et al. 2017).
Disentangling these associations remains a central chal-
lenge in invasion ecology.

Urban alluvial forests in Brazil provide a particularly
suitable system for examining invasion-driven community
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reassembly within highly modified landscapes. These rem-
nants function as critical components of urban green infra-
structure, contributing to biodiversity conservation, carbon
storage, hydrological regulation, and landscape connectiv-
ity (Naiman and Décamps 1997; Junk et al. 2014). How-
ever, they are embedded within socio-ecological settings
characterized by fragmentation, edge effects, altered micro-
climates, and elevated propagule pressure—conditions that
may simultaneously increase susceptibility to invasion and
reshape community assembly processes. Despite the grow-
ing dominance of L. /ucidum in many urban and peri-urban
forest fragments, the extent to which its abundance is associ-
ated with shifts in the functional composition and diversity
of native tree communities remains insufficiently quantified.

Here, we investigate how variation in L. lucidum abun-
dance is associated with the functional structure of native
tree communities in an urban remnant of Atlantic alluvial
forest. Specifically, we address three questions: (i) whether
L. lucidum exhibits functional trait values that differ from
those of co-occurring native species, occupying distinct
regions of community trait space; (ii) whether increasing
invader abundance is associated with shifts in community-
weighted trait values and overall functional composition;
and (iii) whether functional diversity metrics vary along the
invasion gradient. By adopting a functional ecology frame-
work, this study aims to elucidate how invasion intensity
and community functional organization covary during com-
munity assembly, thereby providing insights relevant to the
management and restoration of vulnerable alluvial forest
ecosystems.

Materials and methods

This study was conducted in an 11.5-ha remnant of urban
alluvial forest within the Cascavel River watershed, Guar-
apuava, Parana, Brazil. The site lies between the Carro Que-
brado Stream to the north and the Cascavelzinho River to
the west (Watzlawick et al. 2021). Elevation ranges between
1,000 and 1,020 m, with a humid mesothermal subtropical
climate (Cfb, Koppen classification) and predominantly
alluvial-derived Latosols (Rodrigues et al. 2016; Stocki et
al. 2024a, b). The site has been historically disturbed by
urban waste deposition and selective logging of native trees
(Watzlawick et al. 2021; Stocki et al. 2024a, b). The site was
chosen because it represents a typical urban alluvial forest
fragment of the southern Brazilian Atlantic Forest, making
it suitable for investigating how anthropogenic disturbance
and biological invasion interact to shape forest structure and
functional diversity.

A total of 103 permanent plots (10 * 10 m; 100 m? each)
previously established within an 11.5-ha forest remnant
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were used in this study (Supplementary Figure S1). These
plots are part of a long-term monitoring network that has
been employed in previous research (Rodrigues et al. 2016;
Watzlawick et al. 2021; Stocki et al. 2024a, b). Forty-two
plots were originally installed along a toposequence to cap-
ture environmental gradients, while the remaining plots
were randomly distributed throughout the fragment to rep-
resent its overall structural heterogeneity. Using this per-
manent inventory, we conducted the floristic and functional
trait surveys for the present study. Although plots were spa-
tially distributed along environmental gradients and across
the forest fragment, they were located at sufficient distances
to minimize spatial dependence, and thus were treated as
independent sampling units in the analyses.

We selected ten abundant tree species (>50 individu-
als per species) that together account for approximately
80.58% of the total importance value of the community,
calculated as the mean of relative density, frequency, and
dominance (Supplementary Table S1). The selected species
were Allophylus edulis (A.St.-Hil. et al.) Hieron. ex Niederl.
(Sapindaceae), Casearia decandra Jacq. (Salicaceae), Gym-
nanthes klotzschiana Mill.Arg. (Euphorbiaceae), llex thee-
zans Mart. ex Reissek (Aquifoliaceae), Ligustrum lucidum
W.T.Aiton (Oleaceae), Matayba elaeagnoides Radlk. (Sap-
indaceae), Prunus myrtifolia (L.) Urb. (Rosaceae), Cin-
namodendron dinisii Schwacke (Canellaceae), Ocotea
puberula (Rich.) Nees (Lauraceae) and Zanthoxylum rhoifo-
lium Lam. (Rutaceae). This selection minimized potential
sampling biases associated with rare taxa and ensured that
the functional characterization was based on species with a
representative contribution to community structure and eco-
system functioning.

The functional traits of the selected species were mea-
sured following standardized protocols (Pérez-Harguin-
deguy et al. 2016). For leaf traits, twenty fully expanded
leaves were collected from ten adult individuals per spe-
cies. To minimize variation associated with within-crown
light gradients, sampling was standardized across species.
For canopy and midstory trees, leaves were taken from the
outer, fully illuminated portions of the crown. For under-
story species naturally growing under shaded conditions
(e.g., Allophylus edulis), leaves were sampled from the most
exposed branches within their typical light environment. In
all cases, only mature, fully expanded, non-senescent leaves
were selected, avoiding shaded interior or recently flushed
tissues. Immediately after collection, samples were stored
in sealed plastic bags with moist paper and kept refrigerated
until processing to maintain leaf hydration. Leaf area was
quantified using ImageJ, with petioles and rachises included
for compound leaves. Each leaf was weighed to obtain fresh
mass, scanned, and oven-dried at 67 °C for 72 h to deter-
mine dry mass. Specific leaf area (SLA) was calculated as

leaf area divided by dry mass, and leaf dry matter content
(LDMC) as the ratio between dry and fresh mass. Leaf
thickness (LT) was measured following Vile et al. (2005).

Structural traits were obtained directly in the field. Total
tree height (H) was recorded in 2022 and again in 2024, and
canopy depth (CD) was calculated as the difference between
total height and the height of the primary bifurcation. Rela-
tive growth rate (RGR) was estimated from DBH measure-
ments (DBH>5 cm) collected in 2011 and remeasured in
2024, following Forgiarini et al. (2015). Finally, aboveg-
round biomass (B) at both the species and plot levels was
calculated using region-specific allometric equations devel-
oped for tree species in Parana, southern Brazil (Zanette et
al. 2021; adj. R*=0.928).

To evaluate redundancy among functional traits, pairwise
Spearman correlations were computed (Supplementary Fig-
ure S2). No correlations exceeded the |p| > 0.90 threshold
typically used to indicate severe collinearity, suggesting
that the selected traits represent complementary and largely
independent ecological dimensions. Although some traits
showed moderate-to-strong associations (e.g., SLA and LT),
these relationships are expected given the underlying bio-
logical and mathematical links among leaf traits and do not
indicate redundancy.

Differences in functional traits between L. /ucidum and
native species were tested using generalized linear models
(GLMs). In these analyses, each functional trait (SLA, LT,
LDMC, H, CD, RGR, and B) was treated as a response vari-
able, with species identity (invasive vs. native) included as
the categorical predictor. Model distributions and link func-
tions were selected based on Shapiro—Wilk tests and visual
inspection of residuals: traits meeting normality assump-
tions were modeled with a Gaussian distribution and iden-
tity link, whereas non-normal data were fitted with a Gamma
distribution and log link. To control for multiple testing,
Bonferroni-adjusted pairwise comparisons were applied
(»<0.05). Changes in aboveground biomass between 2011
and 2024 were assessed using the Wilcoxon signed-rank
test (=0.05). In addition, we performed a Principal Com-
ponents Analysis (PCA) using all functional traits to quan-
tify multivariate differences in functional space between L.
lucidum and the native species.

Community functional composition was quantified as
community-weighted means (CWMs), representing the
average trait value weighted by species abundance (Malysz
et al. 2019). Community-weighted means were calculated
using only native species, excluding L. lucidum. This deci-
sion avoids mathematical inflation of trait means caused by
the invader’s own trait values and allows us to quantify how
native functional composition shifts along the invasion gra-
dient. Functional diversity was assessed using five comple-
mentary indices that capture distinct aspects of community
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trait structure: functional richness (FRic), which measures
the volume of functional space occupied by the community;
functional evenness (FEve), reflecting the regularity of trait
value distribution within that space; functional divergence
(FDiv), indicating how trait values are distributed toward
extreme versus central positions; functional dispersion
(FDis), expressing the mean distance of species from the
community centroid weighted by abundance; and Rao’s
quadratic entropy (RaoQ), which integrates trait dissimi-
larity and species abundance to quantify overall functional
variance (Villéger et al. 2008; Laliberté and Legendre 2010;
Malysz et al. 2019). These metrics were chosen because
together they provide a comprehensive representation of
trait complementarity, redundancy, and resource-use differ-
entiation within the community.

Thus, CWMs and functional metrics represent the func-
tional structure of the native component of the community
as a function of L. lucidum abundance. Invasion intensity
was quantified as the relative abundance of L. lucidum (% of
individuals per plot), which we used as a proxy for invasion
stage. We did not directly measure invasion time; therefore,
low relative abundance may indicate either early stages of
invasion or environmental constraints that limit the dom-
inance of the invader. To assess the effects of L. lucidum
abundance on ecosystem functioning, we fitted generalized
additive mixed models (GAMMs) with thin-plate regression
splines (Fernandez et al. 2021). In these models, functional
diversity indices (FRic, FEve, FDiv, FDis, and RaoQ) and
CWMs of each trait were used as response variables, and the
relative abundance of L. lucidum (percentage of individuals
per plot) as the predictor. Plot identity was included as a
random effect to account for repeated measures and spatial
dependence.

To explicitly evaluate potential direct and indirect
relationships among invasion intensity, functional traits
and community functional diversity, we fitted structural
equation models (SEM). This approach allows the simul-
taneous estimation of multiple causal pathways and is par-
ticularly suitable when bidirectional or mediated effects are
expected. In the SEMs, the relative abundance of L. lucidum
was included as an exogenous variable representing inva-
sion intensity. Community-weighted means of functional
traits were specified as intermediate predictors, and func-
tional diversity indices (functional dispersion — FDis, and
Rao’s quadratic entropy — RaoQ) were included as response
variables. Models were fitted using the lavaan package in
R with standardized coefficients (B), and statistical signifi-
cance was assessed using z-tests (a=0.05). SEM diagrams
were visualized using the semPlot package. All statistical
analyses were conducted in R (R Core Team 2025), using
the packages vegan (Oksanen et al. 2019), FD (Laliberté et
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al. 2015), gamm4 (Pedersen et al. 2019), FSA (Ogle et al.
2023), and lavaan (Rosseel 2012).

Results

The comparison of functional traits between L. lucidum
and native tree species (Supplementary Table S2) revealed
significant differences across all traits analyzed (Fig. la -
Supplementary Table S3). L. lucidum had lower values of
specific leafarea (SLA) and leaf dry matter content (LDMC),
but higher leaf thickness (LT) than natives. For structural
traits, the invasive species showed lower mean values of
canopy depth (CD), height (H), and relative growth rate
(RGR) (p<2x107'¢). Between 2011 and 2024, there was a
statistically significant increase in total community biomass
(V=67,787, p<2.2x1071%). In 2011, aboveground biomass
did not differ significantly between L. lucidum and native
species (p=0.291). However, by 2024 the invasive species
exhibited values more than twice those of native species
(»<0.001; Fig. 1b).

Principal component analysis (PCA) showed that L.
lucidum did not form a completely distinct cluster and
instead occupied one extreme of the functional trait space
defined by native species. In the foliar trait PCA (Fig. 2a),
PC1 explained 70.1% of the variance and contrasted higher
SLA values with higher LDMC and leaf thickness, whereas
PC2 (26.3%) was mainly associated with variation in leaf
thickness. Individuals of L. lucidum were located toward the
LDMC-LT end of PC1. In the structural trait PCA (Fig. 2b),
PC1 explained 49.7% of the variance and was associated
with height, crown depth, and biomass, while PC2 (21.7%)
was primarily related to relative growth rate. L. lucidum
individuals were positioned toward the positive side of PC1.
Across both ordinations, substantial overlap was observed
between invasive and native species.

Greater abundance of L. lucidum ranged from 0 to 80%
of individuals and was treated as a continuous measure of
invasion intensity (Fig. 3; Supplementary Table S4). Native
species richness declined sharply at low invasion levels and
reached a plateau at approximately 40% invasion, remain-
ing consistently lower thereafter (Fig. 3a). Leaf dry matter
content (LDMC) increased slightly with invasion inten-
sity, whereas specific leaf area (SLA) decreased (Fig. 3b).
Structural traits showed variable responses: crown depth
decreased along the invasion gradient, while mean height
and relative growth rate exhibited weak or non-linear pat-
terns (Fig. 3c). Among functional diversity metrics, only
functional dispersion (FDis) and Rao’s quadratic entropy
(RaoQ) were negatively associated with L. /ucidum abun-
dance, with both indices declining at low to intermediate
invasion levels and remaining reduced across the gradient
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Fig. 1 (a) Distribution of functional traits: SLA (specific leaf area), LT
(leaf thickness), LDMC (leaf dry matter content), H (total height), CD
(crown depth), and RGR (relative growth rate). Violin plots represent
the probability density of values for each group. Points indicate indi-
vidual observations, black dots denote group means, and vertical lines
represent the median and interquartile range. P-values were obtained
from generalized linear models (GLMs) comparing L. lucidum and
native species. (b) Aboveground biomass (Mg) of L. lucidum and
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Fig. 2 Principal component analysis (PCA) of functional traits of
native species and Ligustrum lucidum. (a) Foliar traits: specific leaf
area (SLA), leaf dry matter content (LDMC), and leaf thickness (LT).
b) Structural traits: mean height (H), aboveground biomass (B), crown
depth (CD), and relative growth rate (RGR). Black arrows indicate trait
loadings on the principal axes. Percentages in parentheses denote vari-
ance explained. Native species included in the study: Allophylus edulis
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biaceae), llex theezans Mart. ex Reissek (Aquifoliaceae), Ligustrum
lucidum W.T.Aiton (Oleaceae), Matayba elaeagnoides Radlk. (Sap-
indaceae), Prunus myrtifolia (L.) Urb. (Rosaceae), Cinnamodendron
dinisii Schwacke (Canellaceae), Ocotea puberula (Rich.) Nees (Lau-
raceae) and Zanthoxylum rhoifolium Lam. (Rutaceae)
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Fig. 3 Relationships between a)
Ligustrum lucidum abundance
and standardized (z-score) native
community attributes estimated
using GAMMs. (a) Native spe-
cies richness (S). (b) Foliar traits:
leaf dry matter content (LDMC)
and specific leaf area (SLA). (c)
Structural traits: canopy depth
(CD), mean height (H), and
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(Fig. 3d). Functional richness (FRic), functional evenness
(FEve), and functional divergence (FDiv) showed no sig-
nificant relationships with invasion intensity.

Because the structural equation models were saturated
(df=0), global fit indices were not evaluated, and interpre-
tation focused on path coefficients. The models explained
a substantial proportion of variance in functional diversity,
accounting for 71.5% of variation in functional dispersion
(FDis) and 68.6% in Rao’s quadratic entropy (RaoQ). Struc-
tural equation models revealed significant direct effects of
species richness, specific leaf area (SLA), and mean height
on functional dispersion, with FDis increasing with species
richness (=0.52, p<0.001), SLA (B=0.51, p<0.001), and
mean height (3=0.27, p=0.036). Leaf dry matter content
(LDMCO), relative growth rate (RGR), crown depth (CD),
and invasion intensity did not show significant direct effects
(p>0.05). For Rao’s quadratic entropy, significant positive
effects were detected for SLA (B=0.68, p<0.001), species
richness (B=0.51, p<0.001), and mean height (3=0.27,
p=0.036), whereas LDMC, crown depth, relative growth
rate, and invasion intensity were not significant predictors.
No direct effects of invasion intensity were detected for
either functional diversity metric (Fig. 4; Supplementary
Table S5).

Discussion
Our results indicate that increasing L. lucidum abundance
is associated with declines in native species richness and a

reorganization of community functional structure, suggest-
ing that invasion intensity is tightly linked to community

@ Springer

60 80 0 20 40 60 80
Abundance of L. fucidum (%)

assembly processes in urban alluvial forests. Along the
invasion gradient, functional diversity exhibited non-linear
responses: functional dispersion (FDis) and Rao’s quadratic
entropy (RaoQ) declined at low to intermediate invasion
levels and exhibited a modest recovery at higher invasion
intensity, although values remained below those observed
at low invasion levels. Similar non-monotonic patterns have
been documented in invaded ecosystems, where biological
invasions restructure—rather than uniformly reduce—func-
tional diversity (Villéger et al. 2014; Tordoni et al. 2019).
Rather than reflecting a simple contraction of functional
space, these dynamics are consistent with a reconfiguration
of trait distributions, whereby initial environmental filtering
is followed by the persistence of fewer, functionally distinct
species occupying more extreme regions of trait space.

Trait-based contrasts between L. lucidum and native spe-
cies help clarify the mechanisms underlying this functional
reorganization. The invader occupied one extreme of the
multidimensional trait spectrum and consistently diverged
in both foliar and structural attributes. Across the inva-
sion gradient, community-weighted means shifted toward
lower specific leaf area (SLA), higher leaf dry matter con-
tent (LDMC), and lower relative growth rates. Because
community-weighted means emphasize the traits of the
most abundant species, these shifts are consistent with the
mass-ratio hypothesis (Grime 1998), which proposes that
ecosystem functioning is largely governed by dominant
taxa. Moreover, these coordinated changes align with the
conservative—acquisitive leaf economics spectrum (Wright
et al. 2004; Funk et al. 2017), indicating directional adjust-
ments in dominant strategies rather than stochastic species
turnover.
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Fig. 4 Structural equation models describing the direct and indirect
effects of invasion intensity and plant functional traits on functional
diversity. Panels show effects on (a) functional dispersion (FDis) and
(b) Rao’s quadratic entropy (RaoQ). Boxes represent observed vari-
ables and arrows indicate hypothesized causal relationships. Stan-

Patterns observed in functional diversity metrics provide
complementary evidence of trait filtering along the inva-
sion gradient. Declines in FDis and RaoQ at early inva-
sion stages indicate reduced trait dispersion and increased
similarity among native species, a pattern commonly asso-
ciated with environmental filtering and competitive exclu-
sion constraining viable strategies (Diaz et al. 2013; Diniz
et al. 2024). Under higher invader dominance, however,
the persistence of a few functionally distinct taxa increased
pairwise trait distances, leading to a partial recovery of dis-
persion metrics despite continued taxonomic loss. Com-
parable dynamics have been linked to the joint effects of
species loss and limiting similarity among the remaining
taxa (Loiola et al. 2018). Importantly, functional diversity
indices describe how traits are distributed within communi-
ties but do not specify which strategies dominate, whereas
community-weighted means more directly capture shifts in
prevailing functional strategies (Bello et al. 2021; Ohlert et
al. 2024; Kilgore and Restrepo 2025). Together, these met-
rics indicate that invasion is associated with both contrac-
tion and redistribution of trait space.

Structural shifts further reinforce these trait-based pat-
terns. Reductions in crown depth and changes in height
distributions are consistent with increased light limitation
beneath dense L. lucidum canopies. Such canopy-driven
environmental modifications are known to favor shade-tol-
erant, slow-growing species (Hoyos et al. 2010; Ferreras et
al. 2019; Laughlin 2024). In this context, canopy-mediated
conditions may act as biotic environmental filters, con-
straining regeneration niches and disadvantaging species
with more acquisitive strategies. Similar mechanisms have
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dardized coefficients (B) and p-values are shown only for significant
effects. Abbreviations: S=native species richness; SLA=specific leaf
area; LDMC=leaf dry matter content; CD=crown depth; H=mean
height; RGR =relative growth rate; Invasion=relative abundance of
Ligustrum lucidum

been described in riparian forests, floodplains, and Medi-
terranean systems, where invasive dominance is associated
with reduced functional redundancy and convergence in
resource-use strategies (Tordoni et al. 2019; Lazaro-Lobo
et al. 2021). Our results are consistent with these assembly
processes operating in urban alluvial forests.

Although invasion intensity was strongly associated with
changes in species richness and dominant trait values, struc-
tural equation modeling revealed no significant direct effects
of invasion on functional diversity metrics. Instead, these
associations appeared to be mediated indirectly through
reductions in species richness and shifts in dominant trait
values. Trait-mediated frameworks in invasion ecology pre-
dict that invaders influence ecosystem organization primar-
ily by altering community composition and environmental
conditions rather than exerting direct effects on diversity
indices per se (Petchey and Gaston 2002; Gaertner et al.
2017). Accordingly, our findings are consistent with inva-
sion-related community reassembly operating through com-
positional and dominance pathways, rather than through
direct mechanistic effects on functional diversity metrics.

These patterns align with broader theoretical expecta-
tions in invasion ecology. Biological invasions often act
as ecological filters that reorganize communities around a
narrower set of viable strategies, potentially reducing func-
tional redundancy and increasing the dominance of traits
suited to altered environmental conditions (Diaz et al. 2013;
Castro-Diez et al. 2021). In dynamic and disturbance-prone
systems such as alluvial forests, hydrological variability and
urban fragmentation may further facilitate invader establish-
ment and spread (Gaertner et al. 2017). Consistent declines
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in functional breadth and increased trait convergence have
been reported across floodplain and riparian ecosystems
worldwide (Tordoni et al. 2019; Lazaro-Lobo et al. 2021),
patterns that mirror those observed here.

Under projected climate change scenarios, these asso-
ciations may intensify. Increasing frequencies of floods,
droughts, and thermal extremes are expected to favor spe-
cies with broad ecological tolerance and high establishment
capacity (Early et al. 2016). Given its evergreen habit, rapid
growth, and tolerance to hydrological variability, L. lucidum
may benefit from such conditions, potentially expanding
across connected floodplain networks and reinforcing inva-
sion-related shifts in community structure and functional
organization.

From a management perspective, the strong associations
between invasion intensity, declining species richness, and
altered functional organization underscore the importance of
early detection and rapid control. Trait-based and functional
diversity approaches can strengthen monitoring programs
by identifying ecosystem-level impacts that extend beyond
taxonomic change (Petchey and Gaston 2002; Gladstone-
Gallagher et al. 2019; Bullock et al. 2022) Targeted removal
of L. lucidum, combined with the reintroduction of native
species representing complementary trait syndromes, may
help restore functional redundancy and enhance ecosystem
resilience.

Finally, our results have important policy implications.
Although national initiatives such as CONABIO Resolution
No. 05/2009 provide a strategic framework for invasive spe-
cies management, L. Jucidum is not currently included in
official federal lists, which may limit coordinated preventive
and corrective actions. Recent syntheses of invasive flora in
Brazil emphasize the need for stronger integration between
science and policy (Zenni et al. 2024). At the state level,
Parand classifies the genus Ligustrum as invasive (Portaria
IAP No. 59/2015), prohibiting its transport and commercial-
ization. Expanding federal recognition and incorporating
functional diversity indicators into risk assessment frame-
works could better align regulatory policies with ecological
evidence. Collectively, our findings indicate that invasion-
associated community reassembly alters both taxonomic
and functional organization, reinforcing the importance of
integrating trait-based approaches into conservation and
restoration planning.

Collectively, our findings indicate that invasion-asso-
ciated community reassembly in urban alluvial forests is
characterized not merely by species loss, but by a direc-
tional redistribution of functional strategies mediated
through shifts in dominance and environmental filtering.
By integrating functional diversity metrics, community-
weighted means, and structural equation modeling, our
results support the view that invasion effects on ecosystem

@ Springer

organization operate primarily through trait-mediated path-
ways. These findings reinforce the importance of incorpo-
rating trait-based approaches into both ecological theory
and management frameworks to better anticipate the long-
term consequences of biological invasions under ongoing
environmental change.
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