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Abstract

Invasion-driven ecological transitions remain underrepresented in fine-scale analyses, despite their cen-
tral role in reshaping native vegetation. This study investigated how the invasive species Asclepias syriaca
alters community structure at the boundaries of invaded and non-invaded sandy grasslands in Cen-
tral Hungary. Using high-resolution transect sampling and quantitative boundary detection methods
(Moving split window analysis with Squared Euclidean distance and Differential Renkonen index),
compositional discontinuities were assessed across six transects representing spatial replicates of inva-
sion front zones within a shared invasion context. The results reveal that significant vegetation boundar-
ies — termed “novel ecotones” — frequently precede or lag behind the visible shoot front of A. syriaca, in-
dicating complex, non-linear invasion dynamics. These boundaries vary in sharpness, width, and spatial
offset, suggesting that A. syriaca impacts community structure beyond its current spatial distribution.
Contrary to expectations, species richness remained relatively stable, with shifts primarily affecting spe-
cies dominance patterns rather than outright loss. The identification of ecotonal dissimilarity maxima
demonstrates that spatial boundary metrics can help reveal invasion-related spatial patterns and can
inform conservation and management strategies, particularly in identifying ecologically sensitive tran-
sitional zones. The approach appears more suitable for detailed ecological assessment and management
planning than for rapid early detection. In particular, it may help identify transition zones where early
intervention could be more effective. This study contributes to the integration of invasion ecology and

boundary theory, emphasizing the spatial dimension of biotic restructuring by invasive species.

Key words: Differential Renkonen index (DREN), dissimilarity analysis, invasion ecology, mov-
ing split-window (MSW), spatial ecology, squared Euclidean distance (SED), vegetation boundary

Introduction

Biological invasions are among the major drivers of global biodiversity loss, with
well-documented ecological and socio-economic impacts (Seebens et al. 2017; IP-
BES 2023). While these impacts are often assessed at broader spatial scales, the
fine-scale mechanisms through which invasive plants interact with and restructure
native communities remain less understood (Powell et al. 2013). In particular, tra-
ditional approaches based on comparisons between invaded and non-invaded sites
may overlook the spatial complexity of invasion front line and the gradual nature
of compositional change (Beckage et al. 2011). These limitations point to the need
for spatially explicit approaches that treat invasion as a gradient process unfolding
across ecological boundaries (Fortin and Dale 2005).
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Ecotones are transition zones between ecological communities, characterized by
changes in species composition, structure, or function across space (Delcourt and
Delcourt 1992). Invasive species can contribute to the formation of such bound-
aries through mechanisms including competitive interactions, allelopathy, and
feedback processes that restructure community composition (Hierro and Callaway
2003; Eppinga et al. 2006; Hobbs et al. 2006). These invasion-driven transitions
may form spatially complex and dynamic boundaries, yet their fine-scale empirical
characterization remains limited, particularly at active invasion fronts. Integrating
spatial boundary analysis into invasion ecology shifts the perspective from binary
invaded—uninvaded comparisons toward gradient-based processes. In this context,
invasion-driven ecotones can be interpreted as spatial expressions of community
reorganization, providing insight into how invasive species alter vegetation struc-
ture across boundaries.

Asclepias syriaca L. (common milkweed) is a clonal, rhizomatous perennial native
to North America, and currently one of the most rapidly spreading invasive species
in Central Europe. Its success is linked to both vegetative propagation and seed
production, enabling persistent expansion and resistance to management efforts
(Bakacsy and Bagi 2020; Follak et al. 2021). In addition to vegetative dominance,
it can exert allelopathic effects and alter soil moisture, thereby suppressing native
species regeneration (Bakacsy et al. 2024; Tolgyesi et al. 2024). In sandy grasslands
of Hungary, it forms dense stands that restructure native plant communities and
promote biotic homogenization (Follak et al. 2021). These processes can give rise
to spatially structured, invader-induced boundaries — so-called novel ecotones —
that are unlikely to be explained solely by broad-scale abiotic gradients, although
fine-scale environmental heterogeneity was not explicitly quantified (Delcourt and
Delcourt 1992; Fortin and Dale 2005).

This paper uses high-resolution spatial sampling and quantitative boundary de-
tection methods to assess how A. syriaca alters native community structure along its
invasion front. The central research questions are: (i) Can a transition zone — a nov-
el ecotone — be detected between A. syriaca-dominated and native vegetation? (ii)
What is the structural nature of this boundary: sharp, gradual, or zonal? (iii) How
can boundary characteristics (contrast, sharpness, width, and potential asymmetry)
be quantified? (iv) Is there a spatial offset between the visible invasion front and the
point of maximal compositional change? (v) How does A. syriaca affect species as-
sociations in the boundary zone? It is hypothesized that A. syriaca not only replaces
native species locally but also induces spatially structured transitions in vegetation.
These effects are expected to vary based on habitat heterogeneity and species in-
teractions, with compositional changes potentially preceding visible colonization.
By identifying and characterizing these invasion boundaries, this study aims to
deepen the conceptual link between invasion ecology and spatial boundary theory,
providing insights into invasion processes and potential management implications.

Materials and methods

Study site

The study was conducted in the strictly protected core area of the UNESCO
Biosphere Reserve near Fiilophdza, located within the Kiskunsdg National Park,
Central Hungary (46°52'N, 19°25'E; Fig. 1). The region lies within the Danube—
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Figure 1. Location of the six selected transects in this study. The inserted image in the upper right corner shows the special protected

Filsphdza Sand Dunes, as a part of Kiskunsdg National Park in Central Hungary.
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Tisza Interfluve, a unique landscape characterized by calcareous sand dunes, and
is part of the Pannonic sand steppe habitat (Natura 2000 code: 6260), a priority
ecosystem under the EU Habitats Directive (92/43/EEC) due to its high biodi-
versity and endemic flora (Molndr et al. 2011; Erdds et al. 2018). The climate
is temperate continental with sub-Mediterranean influences, featuring increasing
annual temperatures and erratic precipitation patterns over recent decades (Bartha
et al. 2022). Based on long-term climatic records, the mean annual temperature
ranges between 10-11.3 °C, and the mean annual precipitation is approximately
520-582 mm (Kovdcs-Ling et al. 2000; Szitdr et al. 2014). The soil is a weakly
developed, nutrient-poor calcareous sand with over 95% sand content, low hu-
mus (<1%), and very low water-holding capacity (Kovdcs-Lang et al. 2000). The
groundwater table typically lies below 2 m depth (Téth 1996). The native vegeta-
tion is dominated by open perennial sand steppe grasslands (Festucetum vaginatae),
often forming a mosaic with forest-steppe patches (Junipero-Populetum), where
Populus alba L. and P x canescens (Aiton) Sm. form small groves (Molndr et al.
2011). The grasslands are typically dominated by two perennial bunchgrasses: Fes-
tuca vaginata Waldst. & Kit. ex Willd. (endemic to the region) and Stipa borysthen-
ica Klokov & Prokudin in Wulf., which occur in various proportions depending
on local microtopography, moisture availability, and disturbance regimes (Fekete
1992; Biré and Molndr 1998). The vegetation is typically sparse, with total vascular
plant cover around 30-35%, and an additional cryptogamic layer of mosses and li-
chens covering bare ground between tussocks (Csecserits 2007; Fiirész et al. 2022).

A total of six invaded stands of Asclepias syriaca were selected for sampling in
May—June 2023. Sites were chosen to represent a gradient in shoot density and spa-
tial invasion patterns, covering a range of structural configurations across the sand
steppe landscape. Site selection criteria included the exclusion of areas near roads,
wheel tracks, or locations subject to intense trampling, in order to minimize anthro-
pogenic disturbance as a confounding factor in vegetation structure. Furthermore,
all selected stands and their respective transects were positioned to avoid significant
topographical variation, which could otherwise influence vegetation patterns in-
dependently of the invasion process. The spatial locations of selected stands were
mapped using QGIS version 3.40.7 (QGIS Development Team 2024) (Fig. 1).

Although detailed site-specific historical data are limited, A. syriaca has been
present in the Kiskunsig region since at least the early 20™ century, with doc-
umented expansion in sandy grasslands driven by both clonal growth and seed
dispersal (Follak et al. 2021). While precise invasion trajectories at the selected
transects are unknown, the studied stands likely represent different stages of a
long-term regional invasion process. According to available land-use classifications
(MePAR system 2026), the studied sites are located within semi-natural grassland
categories, including areas designated as Natura 2000 habitats, indicating a rela-
tively low level of direct anthropogenic disturbance.

Sampling and sampling design

Field sampling was carried out during the peak vegetation season in May—June
2023, under stable weather conditions to ensure optimal detection of vascular
plant and cryptogam presence. In each of the six selected stands, a single 12 m x
1 m linear belt transect was established, positioned perpendicular to the Asclepias
syriaca invasion front (Fig. 2). The transects were placed using a gradsect approach
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Figure 2. The location of the fourth transect (12 m x 1 m). Almost half of the transect is located
in vegetation dominated by common milkweed (invaded vegetation), while the remaining part is in

natural vegetation.

to maximize the detection of species turnover and spatial discontinuities across the
invaded and adjacent non-invaded vegetation. Each transect was subdivided into
1200 contiguous 10 cm x 10 cm sampling units (quadrats). Transects were deliber-
ately positioned (not randomly) so that the central section (6 m) contained the last
detected shoots of A. syriaca, ensuring that the invasion front was captured within
the transect. This design ensured consistent representation of invaded, non-invad-
ed, and transitional vegetation within each transect. Thus, transect placement was
constrained rather than random, ensuring that each transect intersected a clearly
identifiable invasion front. Transects were selectively placed to capture clearly iden-
tifiable invasion fronts while minimizing major environmental heterogeneity. The
selected transects were treated as spatially independent sampling units within a
shared invasion context, as they were located in spatially separated stands without
direct physical connection. However, they should be interpreted as spatial replicates
within the same invasion context rather than fully independent invasion events.
Within each quadrat, species presence was recorded in each 10 cm x 10 cm quad-
rat for all vascular plants, mosses, and terricolous lichens, and the data were later
aggregated into frequency values for analysis. Species identification followed Kirdly
(2009) for vascular plants, and Kecskés et al. (2003) for bryophytes and lichens.
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Data processing and statistical analysis

To identify and characterize vegetation boundaries along the invasion front, the
Moving Split Window (MSW) technique was applied, which is a commonly used
method for detecting discontinuities in one-dimensional ecological data sets (Erdés
et al. 2014). MSW profiles were generated using the bord-ER software developed
by Kérmoczi and Varré (2015), which allows for the computation of dissimilarity
profiles and confidence limits based on randomization procedures. The method is
based on computing dissimilarity between adjacent segments (half-windows) of
a transect, and identifying significant peaks in the resulting dissimilarity profile
that correspond to boundaries. Although vegetation data were recorded at a res-
olution of 10 cm x 10 cm quadrats, data were aggregated across the full width of
the transect (1 m). For each 10 cm segment along the transect, species frequencies
were calculated as the number of occupied quadrats (out of 10), resulting in a
one-dimensional dataset capturing fine-scale variation in species composition. In
practice, the MSW compares species composition between adjacent segments of
the transect using sliding windows, allowing the detection of positions where com-
positional change is maximized. In the present study, these segments correspond
to 10 cm x 1 m units derived from aggregating presence data across the transect
width, ensuring that comparisons reflect fine-scale variation in species frequencies
along the transect. The MSW analysis was applied to this frequency-based dataset,
where dissimilarity was calculated between adjacent segments (half-windows) of
increasing size to capture scale-dependent patterns. This transformation results in
a one-dimensional sequence derived from the original two-dimensional sampling
design, which is suitable for boundary detection analysis (Kérméczi and Varré
2015; Korméezi et al. 2016; Erdés et al. 2018). Half-window widths ranged from
1 to 10 segments, corresponding to 10-100 cm along the transect (with each seg-
ment representing a 10 cm x 1 m unit). Thus, dissimilarity was calculated between
adjacent segments of 10-100 cm on each side of the moving window, allowing
the detection of boundaries at multiple spatial scales. At each position along the
transect, dissimilarity was calculated between two adjacent segments of equal size
(half-windows), and this comparison was repeated while moving along the tran-
sect, generating a dissimilarity profile. This approach effectively transforms the
original two-dimensional sampling design into a one-dimensional sequence suit-
able for boundary detection.

The Squared Euclidean Distance (SED) was primarily used as the dissimilarity
function, as it is sensitive to differences in species frequencies across adjacent seg-
ments, and is commonly applied in boundary detection studies. In addition, to
further capture differences in species composition and detect asymmetrical species
turnover across the invasion front, dissimilarity profiles were also calculated based
on the Differential Renkonen Index (DREN). This index is particularly suitable
for identifying sharp changes in species relative frequencies and has been shown
to effectively highlight vegetation transitions in heterogeneous environments. The
transect data were analyzed with increasing half-window widths to examine the
scale-dependent nature of boundary structure. The full raw and standardized dis-
similarity profiles for both SED and DREN across all transects are provided in the
Supplementary material (Suppl. materials 6, 7).

To determine statistical significance of detected boundaries, the random shift
permutation method was employed (a form of restricted randomization), with
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1000 Monte Carlo iterations used to generate null models based on species-level
shifts within the transect, preserving spatial autocorrelation patterns (Kérméczi et
al. 2016). This approach minimizes the scale-dependency of the expected dissim-
ilarity profile and provides more reliable detection of significant discontinuities.

The resulting dissimilarity values were standardized using Z-score transforma-
tion, where the observed dissimilarity values were compared to the distribution of
values obtained from the randomized data sets. A threshold of Z = 1.65 as critical
value (corresponding to a one-tailed test at p = 0.05) was used to identify statistical-
ly significant peaks, i.e., vegetation boundaries (Zalatnai et al. 2007, 2008). Only
peaks exceeding this threshold were considered true compositional discontinuities.

Profiles were interpreted by examining peak height (indicating boundary sharp-
ness or contrast), peak width (representing the spatial extent of the transition) and
boundary position (i.e. the spatial location of the transition along the transect).
These parameters were used to distinguish among sharp edges, gradual gradients,
and extended transition zones (novel ecotones) across the invasion front. Due to
the linear layout of transects, boundary curvature could not be estimated.

Results

To provide context for the boundary analyses, basic patterns of species richness and
dominance were first examined across transects. A total of 21 to 38 vascular plant
species were recorded per transect (Table 1, Suppl. material 1). The invasive Ascle-
pias syriaca occurred with consistently high abundance across all transects (42-64
individuals), indicating its dominance across the sampled transects. The highest
shoot count was observed in Transect 1 (64), and the lowest in Transect 2 (42), al-
though these differences were moderate. Several other species showed notable dom-
inance or codominance patterns, including Secale sylvestre Host (e.g. 788 shoots
in Transect 1), Stipa borysthenica (51-457 shoots across transects), and Zortula
muralis Hedw., which occurred in very high numbers in all transects (1044-1199
individuals). Certain taxa were highly localized yet abundant, such as Bothriochloa
ischaemum (L.) Keng in Transect 6 (744) and Carex liparicarpos Gaudin (545) also
in Transect 6, suggesting microhabitat variation (Table 1). Species richness was
highest in Transect 6 (38 species), which also showed high total abundance and
co-occurrence of multiple dominant species. Interestingly, no clear inverse rela-
tionship was observed within the sampled transects between A. syriaca abundance
and total species richness, indicating that the species was integrated into relatively
diverse communities rather than entirely displacing other taxa (Table 1, Suppl.
material 1). These patterns provide context for interpreting the spatial vegetation
discontinuities analyzed below, where shifts in species dominance and frequency
patterns were assessed using dissimilarity indices.

The bottom row shows the number of species recorded per transect (Species
number), and the location of the invasion front line (in meters), defined as the po-
sition of the last observed A. syriaca shoot along each transect. A dash (-) indicates
absence of the species in the respective transect.

To characterize structural transitions between invaded and non-invaded vege-
tation, two key spatial markers were compared along each transect: the invasion
front line (IFL) — defined as the position of the last observed shoot of Asclepias
syriaca, representing the visible edge of the species” distribution — and the ecotonal
dissimilarity maximum (EDM) — defined as the location(s) of statistically signif-
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Table 1. Species abundances recorded along six vegetation transects located at the boundary between
Asclepias syriaca-invaded and non-invaded patches. Values represent the total number of individuals

observed per species in each transect.

Species Transects

1 2 3 4 5 6
Achillea ochroleuca - - - 12 - -
Alkanna tinctoria - - 7 - - 1
Alyssum desertorum (turkestanicum) 7 - 9 52 34 36
Anthemis ruthenica - - - 1 - 65
Apera spica-venti - - - 1 - -
Artemisia campestris 14 - 17 - 10 -
Asclepias syriaca 64 42 63 51 58 57
Asparagus officinalis - - - 2 - -
Bassia laniflora 27 101 27 197 6 47
Bothriochloa ischaemum - 76 32 235 - 744
Bromus tectorum 63 81 252 202 - 430
Buglossoides arvensis - - - - - 7
Carex liparicarpos - - - - - 545
Centaurea arenaria 3 - 1 8 - 6
Cerastium semidecandrum - 5 6 21 2 57
Chenopodinm album - - 1 - - B,
Chondrilla juncea - 1 - - 3 2
Conyza canadensis - - 1 1 2 98
Crepis rhoaedifolia 6 - 1 9 4 485
Equisetum ramosissimum - 141 - 575 51 177
Eryngium campestre - - - 26 4 34
Euphorbia segueriana 28 24 14 14 - 6
Festuca vaginata - 25 212 419 474 19
Galium verum - - - 2 - -
Koeleria glauca 38 - - - 2 1
Linaria genistifolia - - - - 26 2
Medicago minima 58 3 19 5 7 59
Minuartia glomerata 3 8 14 49 - 8
Minuartia viscosa 7 - - - - -
Muscari comosum (Leopoldia comosa) - - - - - 31
Plantago indicalarenaria - 1 - - - 54
Poa angustifolia - - - - - 16
Polygonum arenarium 23 62 17 105 - 218
Scabiosa ochroleuca - - 1 9 - 2
Secale sylvestre 788 569 429 575 9 468
Silene alballatifolia - 1 6 - - -
Silene conica 12 40 9 35 1 30
Silene otites - - 1 - 1 -
Stipa borysthenica 457 230 51 166 397 184
Stipa capillata 41 11 - 10 11 -
Syrenia cana - 42 65 42 - 23
Thymus glabrescens subsp. degenianus - - - - 23 -
Tortula muralis 1199 1174 1044 1199 1184 1188
Tragopogon floccosus - - 2 5 1 3
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Transects
Species

1 2 3 4 5 6
Verbascum phlomoides - - - - 1
Veronica praecox - - 28 - -
Vicia cracca - - 1 - 3 4
Viola arvensis 6 - 2 - 6 100
Cladonia convoluta 73 187 64 - 1 1
Cladonia furcata 6 21 27 - -
Cladonia magyarica - - - - 248 1
Species number 21 22 31 29 27 38
Invasion front line (m) 6.5 6.2 7.4 6.5 6.6 6.3

icant peaks in vegetation dissimilarity, as calculated by the SED and DREN. The
spatial offset between these two markers provides insight into the structure and
dynamics of the invasion boundary.

SED is a widely applied measure for detecting shifts in community composi-
tion, calculated as the sum of squared differences in species abundances between
adjacent plots. It is sensitive to differences in species frequencies and changes in
dominance. Transect 1 displayed two moderate EDM at 5.4 m (Z = 1.833) and
5.6 m (Z = 1.670), while the invasion front line was observed at 6.5 m. This
indicates a 0.9 m forward shift of the invader beyond the compositional disconti-
nuity zone (Fig. 3, Suppl. materials 2, 4). In Transect 2, a single significant EDM
occurred at 6.9 m (Z = 2.300), positioned 0.7 m beyond the invasion front line
at 6.2 m. Transect 3 exhibited a more complex structure, with multiple EDM
clustered between 3.9—4.2 m (Z = 1.849, 2.551, 2.271, 1.778). The invasion front
line was detected considerably further along, at 7.4 m, resulting in a 3.2 m gap
(Fig. 3, Suppl. materials 2, 4). In Transect 4, the EDM at 6.1 m, 6.3 m, 6.5 m,
and 6.6 m (Z = 1.819-2.226) closely matched the invasion front line, observed
at 6.5 m — indicating a near-coincident spatial alignment (Fig. 3, Suppl. materials
2, 4). Transect 5 presented an ecotonal dissimilarity zone between 3.6-3.8 m (Z
= 3.146, 2.471, 1.782), while the invasion front line was located at 6.6 m. This
represents a 2.8 m offset, where A. syriaca had expanded well beyond the primary
compositional shift (Fig. 3, Suppl. materials 2, 4). In Transect 6, a pronounced
EDM was recorded at 5.2 m (Z = 2.774), whereas the invasion front line oc-
curred at 6.3 m —a 1.1 m forward extension of the species beyond the dissimilarity
boundary (Fig. 3, Suppl. materials 2, 4). The corresponding full dissimilarity pro-
files underlying these patterns are provided in Suppl. material 6.

To complement the SED analysis, vegetation discontinuities were also exam-
ined using the DREN, which captures relative dissimilarities in species dominance
between adjacent plots. As before, positions of statistically significant dissimilarity
peaks (ecotonal dissimilarity maxima) were compared with the invasion front line
along each transect (Fig. 4, Suppl. materials 3, 5). Transect 1 did not exhibit any
ecotonal dissimilarity maxima based on DREN values. The absence of detectable
change may indicate a more homogeneous dominance structure or a more gradual
transition not captured by this index. In Transect 2, multiple ecotonal dissimilar-
ity maxima were detected: three peaks in the early section at 1.4 m, 2.1 m, and
2.4 m (Z = 1.640, 1.694, 1.885), and two peaks later at 6.7 m and 6.8 m (Z =
1.841, 1.744). The invasion front line, located at 6.2 m, fell within the range of the
latter peaks, indicating spatial overlap between community change and the species
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boundary (Fig. 4, Suppl. materials 3, 5). Transect 3 displayed a single ecotonal
dissimilarity maximum at 9.0 m (Z = 1.699), situated 1.6 m beyond the invasion
front line at 7.4 m. This forward offset suggests a possible legacy zone or subtle
shifts in dominance persisting after the visible shoot limit (Fig. 4, Suppl. materials
3, 5). In Transect 4, two distinct ecotonal dissimilarity zones were detected: one
between 2.1-2.4 m (Z = 2.046, 1.852), and another between 3.6-3.8 m (Z =
2.535,2.275, 1.842). Both zones precede the invasion front line at 6.5 m, suggest-
ing pre-front structural changes in community composition. Transect 5 did not
exhibit any statistically significant ecotonal dissimilarity maxima based on DREN.
This may reflect a smoother species dominance gradient, or insufficient sensitivity
of the metric under the given conditions (Fig. 4, Suppl. materials 3, 5). Transect 6
revealed a broad, continuous ecotonal dissimilarity zone extending from 6.1 m to
6.8 m (Z = 1.652-2.529). The invasion front line, located at 6.3 m, was situated
within this zone, indicating overlap between dominance shifts and shoot presence
(Fig. 4, Suppl. materials 3, 5). The complete DREN-based dissimilarity profiles are
available in Suppl. material 7.

In most transects, the location of maximum compositional dissimilarity did not
coincide precisely with the final shoot of common milkweed, frequently occurring
either before or beyond the invasion front. The distance between the last shoot
and the nearest dissimilarity peak ranged from near-perfect overlap (Transect 4) to
over 3 meters (Transect 3), suggesting substantial variability in boundary sharpness
and transition width. These spatial patterns may reflect underlying differences in
the structure and progression of the invasion front and justify further analysis of
boundary dynamics.

Discussion

Across all six transects, Asclepias syriaca occurred at consistently high shoot num-
bers (42-64), indicating its strong establishment at the studied patch edges. Im-
portantly, this dominance was not associated with a marked decline in species
richness. In fact, transects with higher A. syriaca counts (e.g. Transect 3 and Tran-
sect 6; Table 1) also showed high total richness and co-occurrence of several other
dominant taxa such as Secale sylvestre, Stipa borysthenica, and Tortula muralis. This
pattern indicates that, within the studied transects, A. syriaca was not associated
with reduced species richness at the invasion front, but can instead alter domi-
nance hierarchies, potentially shifting competitive balances rather than eliminating
co-occurring species entirely (McKinney and Lockwood 1999; Powell et al. 2013).
High shoot numbers of localized dominants (e.g. Bothriochloa ischaemum, Carex
liparicarpos; Table 1) point toward small-scale habitat heterogeneity that could in-
fluence both invasion trajectory and boundary formation. These patterns probably
reflect fine-scale microhabitat variation (e.g. soil moisture or microtopography),
which may influence both invasion dynamics and boundary formation. In this
context, boundary detection based solely on visible A. syriaca presence can under-
estimate ecological changes already in progress within the studied system.

An important result of this study is the systematic comparison between the
invasion front line (IFL) — the last observed A. syriaca shoot — and the ecotonal
dissimilarity maximum (EDM), i.e. the spatial position of statistically significant
vegetation discontinuities, derived from SED and DREN metrics. In most tran-
sects, EDM and IFL did not spatially coincide. Rather, offsets ranging from 0.7
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to 3.2 m were observed, with no consistent directionality: in some cases, EDM
preceded the IFL (e.g. Transect 1, Transect 3, Transect 5; Fig. 3), while in others it
lagged behind (e.g. Transect 2 for SED; Fig. 3, and Transect 3 for DREN; Fig. 4).
This variability suggests that vegetation responses to invasion are not spatially uni-
form within the studied system, and that changes in community composition may
either precede or follow the visible spread of the invader. In particular, Transect
3 exhibited the largest spatial gap (3.2 m) between IFL and SED-based EDM
(Fig. 3), suggesting that structural changes in the vegetation may already be de-
tectable before the arrival of visible shoots — which likely reflect processes operat-
ing ahead of the visible front, such as microclimatic effects, competition, or be-
low-ground interactions (Powell et al. 2013; Zalatnai et al. 2007, 2008), although
these were not directly tested in this study. Empirical observations by Bakacsy
and Bagi (2020) similarly indicate that A. syriaca exerts ecological influence be-
yond its current shoot margin, particularly in disturbed or formerly treated areas,
where vegetation reorganization can precede recolonization. In contrast, Transect
4 displayed near-complete spatial alignment between IFL and EDM, indicating a
sharper transition boundary. Such patterns resemble the “limes convergens” con-
cept by van der Maarel (1976), where ecological filters produce abrupt transitions
in response to both biotic and abiotic constraints. These microsites may represent
threshold-type boundaries, where A. syriaca expansion is constrained by edaphic
or community resistance factors (Bakacsy 2019). DREN-based profiles often re-
vealed additional or shifted EDMs relative to SED, suggesting the potential value
of combining multiple indices. Since DREN captures relative changes in species
dominance, it may detect diffuse or legacy-driven transitions that are less apparent
in presence—absence-based approaches. This aligns with Zalatnai et al. (2008) and
Delcourt and Delcourt (1992), who emphasized that different dissimilarity met-
rics reveal distinct facets of community boundaries.

The spatial patterns observed across transects are consistent with the concept of
“novel ecotones” — transition zones not primarily explained by measured abiotic
gradients, although unmeasured fine-scale environmental variation (e.g. moisture
or microtopography) may also contribute, and these transitions are also associated
with biotic restructuring linked to invasive species. In practical terms, these zones
may represent areas where community reorganization is likely already underway,
even if the visible invasion front has not yet reached them. While the notion of
novel ecosystems is well-established (Hobbs et al. 2006; Morse et al. 2014), its
extension to ecotonal contexts remains underdeveloped. In the case of A. syria-
ca, these ecotones were characterized by non-linear boundaries, variable offsets,
and heterogeneous sharpness, ranging from abrupt to gradual shifts, as well as
asymmetry, where compositional change is more pronounced on one side of the
front. Such structurally diverse transitions may reflect a combination of process-
es, including propagule pressure and competitive displacement of resident species
(Dainese et al. 2017). They are also likely shaped by disturbance-driven feedbacks,
in which changes in vegetation promote conditions favorable to the invader, rein-
forcing its spread and ecological impact. Similar processes have been documented
in grassland—forest mosaics, where boundary zones with directional shifts were
described as ecologically meaningful and historically dynamic (Erdés et al. 2014).
In the present study case, however, the transitions may not be fully explained by
major abiotic gradients alone. This suggests that part of the observed boundary
structure may be influenced by fine-scale environmental heterogeneity, although
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this was not explicitly quantified in this study. The concept of novel ecotones can
be useful for describing such invader-generated boundaries, which may be asso-
ciated with ongoing invasion dynamics and highlight zones of potential manage-
ment relevance. This idea also expands on earlier work by Fortin and Dale (2005),
who emphasized that the structure of transition zones — their curvature, sharpness,
and variability — offers critical ecological information. Considering invasive species
as drivers of spatial patterning, rather than only responding to disturbance, bound-
ary analysis can be better integrated into both invasion theory and conservation
practice.

The direction and magnitude of the EDM-IFL offset provides insight into the
spatial dynamics of invasion fronts. In transects where EDM precedes IFL (e.g.
Transect 1, Transect 5 and Transect 6 in SED; Fig. 3), invasion can correspond
to an active spread phase, with community restructuring occurring before shoot
arrival. Conversely, when EDM follows IFL (e.g. Transect 2, Transect 3 in DREN;
Fig. 4), the site may reflect legacy effects of past dominance, suggesting a regression
or post-dominance state. This aligns with the concept of invasion debt, where com-
munity composition lags behind historical disturbance or invasion events (Jackson
and Sax 2010). Such temporal-spatial dynamics underscore the inadequacy of
simple “invaded vs. uninvaded” classifications and support the implementation
of gradient-based monitoring approaches. Mapping both IFL and EDM can help
identify pre-invasion tension zones, ecological memory effects, and variable tran-
sition sharpness as a proxy for resilience or vulnerability (Fortin and Dale 2005;
Peters et al. 2006). Importantly, the results also show that even high-abundance
A. syriaca populations do not necessarily coincide with species-poor assemblages.
This supports earlier observations that structural and dominance shifts can occur
without marked species loss, especially near invasion fronts (Simberloff et al. 2013;
Guo et al. 2015). Such dynamics complicate conservation assessments that rely
solely on species richness as an indicator of ecological integrity.

From a conservation perspective, the identification of ecotonal dissimilarity
maxima can contribute to a better understanding of early-stage invasion patterns,
but its direct application in early detection frameworks can be limited due to the
required sampling effort. If shoot presence lags behind community change, then
visible colonization can underestimate the invader’s ecological footprint. Including
spatially explicit dissimilarity metrics (SED, DREN) in monitoring frameworks
can potentially support management planning. For practical application, this ap-
proach can be implemented by establishing short transects across suspected inva-
sion fronts and calculating dissimilarity profiles (e.g. SED or DREN) to identify
zones where compositional changes precede visible invasion. These zones can then
be prioritized for targeted field surveys or localized management interventions,
such as early removal or disturbance reduction before dense stands establish. Fur-
thermore, zones with wide IFL-EDM offsets or multiple dissimilarity peaks can
represent potential priority sites for restoration, as they reflect either emerging
corridors of spread or ecologically weakened frontiers. This is especially relevant in
semi-natural grasslands, where subtle boundary shifts often go unnoticed (Suding
et al. 2004; Pysek et al. 2012). Lastly, the emergence of novel, invader-driven ec-
otones reframes invasion not only as a biological threat, but also as a spatial phe-
nomenon capable of generating new community architectures. As such, Asclepias
syriaca does not only expand spatially, but can also influence the spatial organiza-
tion of vegetation, adding a future perspective to invasion ecology. However, due
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to the labor-intensive nature of the method, its primary applicability may lie in
detailed ecological assessment and management planning rather than rapid early
detection.

As with any field-based ecological study, this approach has inherent limitations.
In addition, the lack of historical data on the establishment and spread of A. syriaca
at the studied sites limits the interpretation of current spatial patterns in a tempo-
ral context. The analysis was conducted along six transects within a single habitat
type, which may constrain the generalizability of the results across broader spatial
or environmental contexts. Additionally, the study represents a temporal snapshot,
preventing direct inference on invasion rate or direction over time. In particu-
lar, the lack of detailed microhabitat data (e.g. soil moisture, microtopography,
or disturbance history) limits the ability to disentangle biotic effects from fine-
scale environmental variation. Given the fine spatial scale of the study, such factors
could play a substantial role in shaping boundary structure, and their inclusion
would likely improve the interpretation of observed patterns. While the use of two
dissimilarity metrics (SED and DREN) provided complementary perspectives on
boundary structure, incorporating functional or below-ground data could further
enrich interpretation in future studies. Despite these limitations, the spatial pat-
terns revealed here offer insights into the structural complexity of invasion fronts
and highlight the diagnostic potential of ecotonal metrics in invasion ecology. Al-
though regional historical data confirm the long-term presence and expansion of
A. syriaca in Hungarian sandy grasslands, the lack of site-specific invasion histories
limits the ability to relate observed spatial patterns to invasion stages or rates of
spread. Future integration of historical mapping or long-term monitoring data
could help disentangle whether observed boundary structures reflect advancing,
stable, or retreating invasion fronts.

Taken together, the results support the presence of spatially structured transition
zones, demonstrate variability in boundary structure, confirm the occurrence of
spatial offsets between invasion fronts and compositional change, and highlight
shifts in species dominance patterns rather than species loss.

The results collectively address the main research questions as follows: (i) a dis-
tinct transition zone (novel ecotone) was detectable in most transects; (ii) bound-
ary structure varied from sharp to gradual; (iii) boundary characteristics could be
quantified using SED and DREN; (iv) spatial offsets between invasion front and
compositional change were common; and (v) A. syriaca primarily altered species
dominance patterns rather than reducing species richness.

Conclusion

This study shows that Asclepias syriaca induces spatially structured vegetation tran-
sitions — novel ecotones — at the invasion front, which often extend beyond the
visible limits of the invader’s shoot presence. By comparing the spatial positions of
compositional discontinuities and the physical invasion line, the results show that
ecological reorganization can precede or persist after colonization. These structural
shifts are often subtle, do not necessarily correlate with species loss, and instead
manifest as changes in species dominance or community configuration. The use
of complementary dissimilarity indices (SED and DREN) enabled us to detect
both sharp and diffuse boundaries, underscoring the value of multiple analytical
perspectives in fine-scale invasion research.
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The observed variability in boundary sharpness and offset suggests that invasion
dynamics are highly context-dependent, influenced by local habitat heterogeneity,
historical disturbance, and community resistance. These findings suggest that nov-
el ecotones can be considered ecologically meaningful structures that both result
from and mediate invasion processes. Importantly, these transitions may serve as
potential indicators of ecological change, and can help identify spatial targets for
conservation intervention. Incorporating spatially explicit boundary analysis into
invasion research and monitoring frameworks can improve the understanding of
spatial invasion dynamics and support management planning in sensitive habitats.
While the approach provides detailed insights into invasion-driven spatial struc-
ture, its practical application is likely more suitable for targeted ecological assess-
ments and management planning than for rapid early detection frameworks. This
highlights the importance of considering spatial structure when assessing invasion
impacts at fine scales. In practice, the approach may be most useful in targeted eco-
logical assessment and management planning at selected invasion margins rather
than in large-scale rapid detection schemes.

Acknowledgments

I would like to express my special thanks to Erika Déri (from Department of
Plant Biology, University of Szeged) for her professional assistance with field
work. I also thank the Kiskunsdg National Park Directorate for allowing field
studies in the protected area. I am grateful to the anonymous reviewers and the
editor for their constructive comments and suggestions, which significantly im-
proved the manuscript.

References

Bakacsy L (2019) Invasion impact is conditioned by initial vegetation states. Community Ecology
20: 11-19. hteps://doi.org/10.1556/168.2019.20.1.2

Bakacsy L, Bagi I (2020) Survival and regeneration ability of clonal common milkweed (Asclepias
syriaca L.) after a single herbicide treatment in natural open sand grasslands. Scientific Reports
10: e14222. https://doi.org/10.1038/s41598-020-71202-8

Bakacsy L, Kardos LV, Szepesi A, Nagy KN, Vasas A, Feigl G (2024) Investigation of the allelopathic
effect of two invasive plant species in rhizotron system. Life 14: e475. https://doi.org/10.3390/
life14040475

Bartha S, Szabé G, Csete S, Purger D, Hézi J, Csathé Al Campetella G, Canullo R, Chelli S, Tsaka-
los JL, Onodi G, Kréel-Dulay G, Zimmermann Z (2022) High-resolution transect sampling and
multiple scale diversity analyses for evaluating grassland resilience to climatic extremes. Land 11:
¢378. https://doi.org/10.3390/land 11030378

Beckage B, Gross L], Kauffman S (2011) The limits to prediction in ecological systems. Ecosphere 2:
1-12. https://doi.org/10.1890/es11-00211.1

Bir6 M, Molndr Z (1998) A Duna-Tisza kéze homokbuckdsainak tdjtipusai, azok kiterjedése,
névényzete és téjtorténete a 18. szdzadtdl [Landscape types, their extent, vegetation and land-
scape history of the sand dunes of the Danube-Tisza Interfluve since the 18 century]. Térténeti
Foldrajzi Fiizetek 5: 1-34.

Csecserits A (2007) Study of secondary succession on sandy old-fields in the Kiskunsdg. [In Hungar-
ian] PHD Thesis. E6tvos Lordnd University. [Budapest, Hungary]

NeoBiota 107: 287-307 (2026), DOI: 10.3897/neobiota.107.185747 302


https://doi.org/10.1556/168.2019.20.1.2
https://doi.org/10.1038/s41598-020-71202-8
https://doi.org/10.3390/life14040475
https://doi.org/10.3390/life14040475
https://doi.org/10.3390/land11030378
https://doi.org/10.1890/es11-00211.1

LaszI6 Bakacsy: Hidden invasion boundaries reshape native plant communities

Dainese M, Aikio S, Hulme PE, Bertolli A, Prosser F, Marini L (2017) Human disturbance and
upward expansion of plants in a warming climate. Nature Climate Change 7: 577-580. https://
doi.org/10.1038/nclimate3337

Delcourt PA, Delcourt HR (1992) Ecotone dynamics in space and time. In: Hansen AJ, DiCastri
(Eds) Landscapeboundaries: Consequences for Biotic Diversity and Ecological Flows. Springer,
New York, 19-54. https://doi.org/10.1007/978-1-4612-2804-2_2

Eppinga MB, Rietkerk M, Dekker SC, De Ruiter PC, Van der Putten WH, Van der Putten WH
(2006) Accumulation of local pathogens: a new hypothesis to explain exotic plant invasions. Oi-
kos 114: 168-176. https://doi.org/10.1111/j.2006.0030-1299.14625 .x

Erd8s L, Zalatnai M, Bdrori Z, Kérmdczi L (2014) Transitions between community complexes: A
case study analysing gradients through mountain ridges in South Hungary. Acta Botanica Croat-
ica 73: 63-77. https://doi.org/10.2478/botcro-2013-0009

Erd8s L, Ambarli D, Anenkhonov OA, Bdtori Z, Cserhalmi D, Kiss M, Kréel-Dulay G, Liu H,
Magnes M, Molndr Z, Naqinezhad A, Semenishchenkov YA, Télgyesi C, Torok P (2018) The
edge of two worlds: A new review and synthesis on Eurasian forest-steppes. Applied Vegetation
Science 21: 345-362. https://doi.org/10.1111/avsc.12382

Fekete G (1992) The holistic view of succession reconsidered. Coenoses 7: 21-29.

Follak S, Bakacsy L, Essl F Hochfellner L, Lapin K, Schwarz M, Tokarska-Guzik B, Wotkowycki
D (2021) Monograph of invasive plants in Europe N° 6: Asclepias syriaca L. Botany Letters 168:
422-451. https://doi.org/10.1080/23818107.2021.1886984

Fortin MJ, Dale MRT (2005) Spatial Analysis: A Guide for Ecologists. Cambridge Univ Press, Cam-
bridge, 365 pp. https://doi.org/10.1017/cbo9780511542039

Flrész A, Pajor F, Szentes S, Kiss T, Penksza K (2022) Nutritional values analysis of sandy grasslands
along the Danube from the Pannonian region to the Romanian Plain. AGROFOR International
Journal 7: 63-70. https://doi.org/10.7251/AGRENG2203063F

Guo Q, Fei S, DukesJS, Oswalt CM, Iannone III BV, Potter KM (2015) A unified approach for quan-
tifying invasibility and degree of invasion. Ecology 96: 2613-2621. https://doi.org/10.1890/14-
2172.1

Hierro JL, Callaway RM (2003) Allelopathy and exotic plant invasion. Plant and Soil 256: 29-39.
https://doi.org/10.1023/A:1026208327014

Hobbs RJ, Arico S, Aronson J, Baron JS, Bridgewater P, Cramer VA, Epstein PR, Ewel J], Klink CA,
Lugo AE, Norton D, Ojima D, Richardson DM, Sanderson EW, Valladares E Vila M, Zamora
R, Zobel M (2006) Novel ecosystems: Theoretical and management aspects of the new ecolog-
ical world order. Global Ecology and Biogeography 15: 1-7. https://doi.org/10.1111/j.1466-
822X.2006.00212.x

IPBES (2023) Thematic assessment report on invasive alien species and their control of the intergov-
ernmental science-policy platform on biodiversity and ecosystem services. In: Roy HE, Pauchard
A, Stoett P, Renard Truong, T (Eds) IPBES secretariat, Bonn, Germany. https://doi.org/10.5281/
zenodo.7430682

Jackson ST, Sax DF (2010) Balancing biodiversity in a changing environment: Extinction debt,
immigration credit and species turnover. Trends in Ecology and Evolution 25: 153-160. https://
doi.org/10.1016/j.tree.2009.10.001

Kecskés M, Nadr Z, Padisék J (2003) Baktérium-, Alga-, Gomba-, Zuzmé-és Mohahatdrozé. Nemze-
ti Tankdnyvkiadd, Budapest, 832 pp.

Kirdly G (2009) Uj Magyar Fiivészkonyv. Magyarorszidg Hajtdsos Novényei. Hatdroz6kulcsok, Ag-
gtelek Nemzeti Park Igazgatdsdg, Jésvafd, 616 pp.

Kovécs-Lang E, Kroel-Dulay G, Kertész M, Fekete G, Bartha S, Mika J, Dobi-Wantuch I, Rédei T,
Rajkai K, Hahn I (2000) Changes in the composition of sand grasslands along a climatic gradi-

NeoBiota 107: 287-307 (2026), DOI: 10.3897/neobiota.107.185747 303


https://doi.org/10.1038/nclimate3337
https://doi.org/10.1038/nclimate3337
https://doi.org/10.1007/978-1-4612-2804-2_2
https://doi.org/10.1111/j.2006.0030-1299.14625.x
https://doi.org/10.2478/botcro-2013-0009
https://doi.org/10.1111/avsc.12382
https://doi.org/10.1080/23818107.2021.1886984
https://doi.org/10.1017/cbo9780511542039
https://doi.org/10.7251/AGRENG2203063F
https://doi.org/10.1890/14-2172.1
https://doi.org/10.1890/14-2172.1
https://doi.org/10.1023/A:1026208327014
https://doi.org/10.1111/j.1466-822X.2006.00212.x
https://doi.org/10.1111/j.1466-822X.2006.00212.x
https://doi.org/10.5281/zenodo.7430682
https://doi.org/10.5281/zenodo.7430682
https://doi.org/10.1016/j.tree.2009.10.001
https://doi.org/10.1016/j.tree.2009.10.001

Laszl6 Bakacsy: Hidden invasion boundaries reshape native plant communities

ent in Hungary and implications for climate change. Phytocoenologia 30: 385-407. https://doi.
org/10.1127/phyto/30/2000/385

Kérméczi L, Bétori Z, Erdés L, Télgyesi C, Zalatnai M, Varré C (2016) The role of randomization
tests in vegetation boundary detection with moving split-window analysis. Journal of Vegetation
Science 27: 1288-1296. https://doi.org/10.1111/jvs. 12439

Kérmécezi L, Varré C (2015) bord-ER—computer program for performing moving splic-window
analysis. Tiscia 40: 25-30.

McKinney ML, Lockwood JL (1999) Biotic homogenization: A few winners replacing many losers in
the next mass extinction. Trends in Ecology and Evolution 14: 450—453. https://doi.org/10.1016/
s0169-5347(99)01679-1

MePAR system (2026) MePAR: The Hungarian Land Parcel Identification System. hteps://www.
mepar.hu [accessed on 07 April 2026]

Molnér Z, Rédei T, Fekete G, Kroel-Dulay G, Kun A, Bartha S, Juhdsz M, Bauer N, Lékés L (2011)
Open dry grasslands. In: Bsloni J, Molnér Z, Kun A (Eds) Magyarorszég Eléhelyei: Vegetdcitipu-
sok Leirdsa Es Hatdrozéja; ANER 2011. [Habitats in Hungary. Description and identification guide
of the Hungarian vegetation]. MTA Okolégiai és Botanikai Kutatéintézete, Vacratde, 140—145.

Morse NB, Pellissier PA, Cianciola EN, Brereton RL, Sullivan MM, Shonka NK, Wheeler TB, Mc-
Dowell WH (2014) Novel ecosystems in the Anthropocene: A revision of the novel ecosystem
concept for pragmatic applications. Ecology and Society 19: 1-12. https://doi.org/10.5751/ES-
06192-190212

Peters DB, Gosz JR, Pockman WT, Small EE, Parmenter RR, Collins SL, Muldavin E (2006) Inte-
grating patch and boundary dynamics to understand and predict biotic transitions at multiple
scales. Landscape Ecology 21: 19-33. https://doi.org/10.1007/s10980-005-1063-3

Powell KI, Chase JM, Knight TM (2013) Invasive plants have scale-dependent effects on diver-
sity by altering species-area relationships. Science 339: 316-318. https://doi.org/10.1126/sci-
ence.1226817

Pysek B, Jarosik V, Hulme PE, Pergl J, Hejda M, Schaffner U, Vila M (2012) A global assessment of
invasive plant impacts on resident species, communities and ecosystems: The interaction of im-
pact measures, invading species’ traits and environment. Global Change Biology 18: 1725-1737.
https://doi.org/10.1111/j.1365-2486.2011.02636.x

QGIS Development Team (2024) QGIS Geographic Information System, version 3.40.7. https://
www.qgis.org/en/site/

Seebens H, Blackburn TM, Dyer EE, Genovesi P, Hulme PE, Jeschke JM, Pagad S, Pysek P, Winter
M, Arianoutsou M, Bacher S, Blasius B, Brundu G, Capinha C, Celesti-Grapow L, Dawson W,
Dullinger S, Fuentes N, Jiger H, Kartesz J, Kenis M, Kreft H, Kiihn I, Lenzner B, Liebhold A,
Mosena A, Moser D, Nishino M, Pearman D, Pergl J, Rabitsch W, Rojas-Sandoval ], Roques A,
Rorke S, Rossinelli S, Roy HE, Scalera R, Schindler S, Stajerové K, Tokarska-Guzik B, van Kleunen
M, Walker K, Weigelt P, Yamanaka T, Essl F (2017) No saturation in the accumulation of alien
species worldwide. Nature Communications 8: 14435. https://doi.org/10.1038/ncomms14435

Simberloff D, Martin JL, Genovesi B, Maris V, Wardle DA, Aronson J, Courchamp F, Galil B,
Garcia-Berthou E, Pascal M, Pysek P, Sousa R, Tabacchi E, Vila M (2013) Impacts of biological
invasions: what’s what and the way forward. Trends in Ecology and Evolution 28: 58—66. https://
doi.org/10.1016/j.tree.2012.07.013

Suding KN, Gross KL, Houseman GR (2004) Alternative states and positive feedbacks in restoration
ecology. Trends in Ecology and Evolution 19: 46-53. https://doi.org/10.1016/j.tree.2003.10.005

Szitar K Onodi G, Somay L, Pandi I, Kucs B, Kréel-Dulay G (2014) Recovery of inland sand dune
grasslands following the removal of alien pine plantation. Biological Conservation 171: 52-60.

https://doi.org/10.1016/j.biocon.2014.01.021

NeoBiota 107: 287-307 (2026), DOI: 10.3897/neobiota.107.185747 304


https://doi.org/10.1127/phyto/30/2000/385
https://doi.org/10.1127/phyto/30/2000/385
https://doi.org/10.1111/jvs.12439
https://doi.org/10.1016/s0169-5347(99)01679-1
https://doi.org/10.1016/s0169-5347(99)01679-1
https://www.mepar.hu
https://www.mepar.hu
https://doi.org/10.5751/ES-06192-190212
https://doi.org/10.5751/ES-06192-190212
https://doi.org/10.1007/s10980-005-1063-3
https://doi.org/10.1126/science.1226817
https://doi.org/10.1126/science.1226817
https://doi.org/10.1111/j.1365-2486.2011.02636.x
https://www.qgis.org/en/site/
https://www.qgis.org/en/site/
https://doi.org/10.1038/ncomms14435
https://doi.org/10.1016/j.tree.2012.07.013
https://doi.org/10.1016/j.tree.2012.07.013
https://doi.org/10.1016/j.tree.2003.10.005
https://doi.org/10.1016/j.biocon.2014.01.021

LaszI6 Bakacsy: Hidden invasion boundaries reshape native plant communities

Toth K (1996) 20 Eves a Kiskunsdgi Nemzeti Park 1975-1995. Kiskunsdg Nemzeti Park Igazgatésa-
ga, Kecskemét, 234 pp.

Tolgyesi C, Téth V, Hdbenczyus AA, Frei K, Toth B, Erdés L, Torok P, Batori Z (2024) Suppressing
the invasive common milkweed (Asclepias syriaca L.) saves soil moisture reserves. Biological Inva-
sions 26: 2791-2799. https://doi.org/10.1007/s10530-024-03346-x

van der Maarel E (1976) On the establishment of plant community boundaries. Berichte der
Deutschen Botanischen Gesellschaft 89: 415-443. https://doi.org/10.1111/j.1438-8677.1976.
tb03605.x

Zalatnai M, Kérmoczi L, Téth T (2007) Community boundaries and edaphic factors in saline-sodic
grassland communities along an elevation gradient. Tiscia 36: 7-15.

Zalatnai M, Kérméczi L, Toth T (2008) Soil-plant interrelations and vegetation boundaries along
an elevation gradient in a Hungarian sodic grassland. Cereal Research Communications 36:

231-234.

Supplementary material 1
Species occurrences across transects based on 10 x 10 cm quadrats

Author: Ldszl6 Bakacsy

Data type: xlsx

Explanation note: Species occurrence data along six vegetation transects (T1-T6) established
across Asclepias syriaca invasion boundaries. Values indicate the number of occupied 10 cm x
10 cm quadrats (maximum = 120 per transect) in which each species was recorded. Data reflect
presence counts per species across the entire transect length.

Copyright notice: This dataset is made available under the Open Database License (http://opendata-
commons.org/licenses/odbl/1.0/). The Open Database License (ODbL) is a license agreement
intended to allow users to freely share, modify, and use this Dataset while maintaining this same

freedom for others, provided that the original source and author(s) are credited.

Link: https://doi.org/10.3897/neobiota.107.185747 .suppll

Supplementary material 2

Mean SED-based Z-scores along six vegetation transects

Author: Ldszl6 Bakacsy

Data type: xlsx

Explanation note: Mean standardized dissimilarity scores (Z-scores) based on Squared Euclidean
Distance (SED) calculated along each 10 cm segment of six vegetation transects (T1-T6). Values
represent average discontinuity strength per position along the transects, derived from pairwise
comparisons of adjacent plots. Higher Z-scores indicate greater shifts in community composition.
These values were used to identify ecotonal dissimilarity maxima (EDM) in relation to the inva-
sion front line of Asclepias syriaca.

Copyright notice: This dataset is made available under the Open Database License (http://opendata-
commons.org/licenses/odbl/1.0/). The Open Database License (ODbL) is a license agreement
intended to allow users to freely share, modify, and use this Dataset while maintaining this same

freedom for others, provided that the original source and author(s) are credited.

Link: hteps://doi.org/10.3897/neobiota.107.185747 .suppl2
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Supplementary material 3
Mean DREN-based Z-scores along six vegetation transects

Author: Ldszl6 Bakacsy

Data type: xlsx

Explanation note: Mean standardized dissimilarity scores (Z-scores) based on the Differential Ren-
konen Index (DREN) calculated along each 10 cm segment of six vegetation transects (T1-
T6). The index quantifies relative changes in species dominance between adjacent plots. Higher
Z-scores reflect greater discontinuity in species composition and dominance structure. These data
were used to detect ecotonal dissimilarity maxima (EDM) along each transect and assess their
spatial offset from the invasion front line of Asclepias syriaca.

Copyright notice: This dataset is made available under the Open Database License (http://opendata-
commons.org/licenses/odbl/1.0/). The Open Database License (ODbL) is a license agreement
intended to allow users to freely share, modify, and use this Dataset while maintaining this same

freedom for others, provided that the original source and author(s) are credited.

Link: https://doi.org/10.3897/neobiota.107.185747 .suppl3

Supplementary material 4

Positions of statistically significant dissimilarity peaks detected using the Moving

Split Window (MSW) method based on Squared Euclidean Distance (SED)

Author: Ldszl6 Bakacsy

Data type: xlsx

Explanation note: For each transect, peak positions (in meters), corresponding Z-scores, and distanc-
es to the invasion front line (IFL) are presented. Only peaks exceeding the significance threshold
(Z > critical value) are included. Negative values indicate peaks located before the invasion front,
while positive values indicate peaks located after it.

Copyright notice: This dataset is made available under the Open Database License (http://opendata-
commons.org/licenses/odbl/1.0/). The Open Database License (ODbL) is a license agreement
intended to allow users to freely share, modify, and use this Dataset while maintaining this same

freedom for others, provided that the original source and author(s) are credited.

Link: hteps://doi.org/10.3897/neobiota.107.185747 .suppl4

Supplementary material 5

Positions of statistically significant dissimilarity peaks detected using the Moving

Split Window (MSW) method based on the Differential Renkonen Index (DREN)

Author: Ldszl6 Bakacsy

Data type: xlsx

Explanation note: For each transect, peak positions (in meters), corresponding Z-scores, and distanc-
es to the invasion front line (IFL) are presented. Negative values indicate peaks located before the
invasion front, while positive values indicate peaks located after it.

Copyright notice: This dataset is made available under the Open Database License (http://opendata-
commons.org/licenses/odbl/1.0/). The Open Database License (ODbL) is a license agreement
intended to allow users to freely share, modify, and use this Dataset while maintaining this same

freedom for others, provided that the original source and author(s) are credited.

Link: https://doi.org/10.3897/neobiota.107.185747 .suppl5
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Supplementary material 6

Raw and standardized Moving Split Window (MSW) dissimilarity profiles based
on Squared Euclidean Distance (SED) for all transects

Author: Ldszl6 Bakacsy

Data type: xlsx

Explanation note: For each transect, raw dissimilarity values are provided across sampling positions
and half-window sizes (w1-w10), together with the corresponding standardized values (Z-scores).
These data represent the full dissimilarity profiles used for detecting spatial transitions and iden-
tifying statistically significant peaks.

Copyright notice: This dataset is made available under the Open Database License (http://opendata-
commons.org/licenses/odbl/1.0/). The Open Database License (ODbL) is a license agreement
intended to allow users to freely share, modify, and use this Dataset while maintaining this same

freedom for others, provided that the original source and author(s) are credited.

Link: hteps://doi.org/10.3897/neobiota.107.185747 .suppl6

Supplementary material 7

Raw and standardized Moving Split Window (MSW) dissimilarity profiles based
on the Differential Renkonen Index (DREN) for all transects

Author: Ldszl6 Bakacsy

Data type: xlsx

Explanation note: For each transect, raw dissimilarity values are provided across sampling positions
and half-window sizes (w1-w10), together with the corresponding standardized values (Z-scores).
These data complement the peak-based summaries (Suppl. materials 4, 5) by providing the com-
plete dissimilarity profiles underlying the analyses.

Copyright notice: This dataset is made available under the Open Database License (http://opendata-
commons.org/licenses/odbl/1.0/). The Open Database License (ODbL) is a license agreement
intended to allow users to freely share, modify, and use this Dataset while maintaining this same

freedom for others, provided that the original source and author(s) are credited.

Link: hteps://doi.org/10.3897/neobiota.107.185747 .suppl7
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