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Abstract: Cities are hotspots of invasions, and this is particularly the case for urban rivers,
which are known to serve as corridors for the spread of alien plant species to floodplain forests.
Here, | present a case study on woody (shrubs, trees) species invasions across a gradient from a
metropolis (Vienna) to rural regions along the Danube River in eastern Austria. In total, | identi-
fied 44 native and 25 alien woody species in 75 plots. Five alien woody species occur in at least
10 plots. The most wide-spread ones were species of floodplain forests (Acer negundo, Fraxinus
pennsylvanica, Populus x canadensis), while Ailanthus altissima and Robinia pseudoacacia —
which prefer dry sites — were recorded substantially less often. The average level of invasion —
i.e. the relative proportion of alien to native woody species in plots —was high across all three
study regions. Still, there was a moderate decline of alien woody species richness along the ur-
ban — peri-urban — rural gradient. Generalized Linear Mixed Models showed that population
density and the proportion of urban habitats in the environs of the plots is significantly positive-
ly correlated with the presence of Acer negundo and Ailanthus altissima. Conversely, the occur-
rence of Robinia pseudoacacia is negatively correlated with surrounding population density and
urban habitats. Occurrence of Acer negundo is positively correlated with urban habitats. For
Fraxinus pennsylvanica, | found no significant relationships. Our results indicate that gallery for-
ests at river banks are particularly susceptible to invasions. | argue that managing alien woody
species in urban and peri-urban sites is not appropriate and useful, given that re-invasion is like-
ly in most cases (from adjacent urban green spaces). | acknowledge that this recommendation
entails the implicit recognition that gallery forests along urban sections of the Danube will con-
tain a substantial — and likely further increasing — proportion of alien woody species.

Keywords: alien species; biological invasions; distribution; management; rivers; urban ecology;
woody plants



Zusammenfassung: Stidte agieren als “Hotspots” fiir Invasionen. Hier wirken vor allem stid-
tische Flisse als Verbreitungskorridore fir Neophyten in die umliegenden Gebiete. In meiner
Arbeit untersuche ich die Verbreitung neophytischer Geholze, am Gradienten ,urban” (Zentrum
Wien, Donaukanal) zu ,,stadtfern” (Tullner Becken) entlang der Donau in Osterreich. In den drei
Untersuchungsgebieten: Donaukanal, Donauinsel und Tullner Becken wurden dazu in je 25 plots
zu 20x2 Metern die Zahl und Deckung der vorkommenden Gehdlze aufgenommen und weitere
Standortfaktoren wie Nutzungsintensitdt und Geholzentnahme evaluiert. Um weitere Informa-
tionen zu dem Standort zu bekommen, wurde noch die Bevoélkerungsdichte und die Habitatty-
pen in einem 500m Umkreis pro plot dazu verschnitten. In diesen 75 plots konnte ich 44 heimi-
sche und 25 neophytische Gehdlzarten identifizieren. Finf dieser ,Aliens” kommen in mindes-
tens 10 plots vor: Acer negundo, Ailanthus altissima, Fraxinus pennsylvanica, Populus x cana-
densis and Robinia pseudoacacia. Die haufigsten heimischen und neophytsichen Arten wurden
am stark anthropogenen Gebiet, dem Donaukanal, gefunden. Generell war das durchschnittli-
che Invasionslevel — relative Anzahl von neophytisch zu heimischen Arten im plot — hoch, in al-
len Untersuchungsgebieten. Ein sinkender Artenreichtum an neophytischen Gehélzen und somit
ein Gradient von urban — peri-urban — stadtfern zeigte sich hierbei. Generalized Linear Mixed
Models bestatigten, dass die Bevolkerungsdichte und urbane Habitate, wie groRere Strafen und
Bauten, als Zeiger fiir ,urban”, signifikant positiv korreliert sind mit dem Auftreten von Acer ne-
gundo und Ailanthus altissima. Im Gegensatz dazu, ist das Vorkommen von Robinia pseudoaca-
cia negativ korreliert mit meinen urbanen Zeigern. Das Vorkommen von Acer neqgundo ist positiv
korreliert mit den urbanen Habitaten und fir Fraxinus pennsylvanica gab es keine signifikante
Beziehung dazu. Meine Ergebnisse zeigen, das Galleriewald am Flussufer sehr anfallig fiir Invasi-
onen ist. Ein Management flr neophytische Gehdlze im urbanen und peri-urbanen Raum ist
meiner Meinung nach nicht sinnvoll, da es sehr wahrscheinlich ist, dass sich diese Arten in kiir-
zester Zeit, aus benachbarten Parks, Garten oder sonstigen Griinflachen, wieder ansiedeln wer-
den. Somit komme ich abschlieRend zum Ergebnis, dass der Galleriewald entlang urbanen Flis-
sen weiterhin einen wesentlichen und weiter steigenden Anteil an neophytischen Gehdlzen
aufweist und aufweisen wird.




1. Introduction

Biological invasions have become a significant component of global environmental change
[1]. While levels of invasions are highly uneven among habitats in Central Europe [2], they are
particularly high in urban-industrial habitats, gardens and public green spaces [3]. Accordingly,
due to high levels of anthropogenic disturbance and propagule pressure, urban environments
have become a hotspot of biological invasions [4,5].

Humans are altering the biophysical world with unprecedented velocity, and one of the em-
inent drivers is increasing urbanization. Accordingly, cities have grown rapidly due to immigra-
tion from rural areas, and due to endogenous population growth. On average, 25% of the global
population has moved from rural into urban settlements during the past six decades, and this
trend is expected to continue [6]. Concomitantly, the number of alien plants and animals in ur-
ban regions has increased strongly [5].

It has been shown that alien — but also native — plant species richness is significantly higher
in cities than in surrounding agricultural landscapes [4, 7]. The high urban plant diversity is
caused by pronounced habitat heterogeneity linked to small-scale variations in land use, site
conditions and disturbance, including often remnants of extensively used habitats from cultural
landscapes in peri-urban regions [4, 7]. Further, ornamental horticulture in public spaces and
private gardens is causing high levels of propagule pressure of alien plant species in urban set-
tlements [9]. In addition, cities act as heat islands that facilitate the spread of thermophilic spe-
cies. These effects combined increase in intensity from the periphery towards the centers of
cities [10].

Dispersal corridors such as transport infrastructure (roads, railways) [11] and river networks
play an important role for the spread of alien species [12,13]. Accordingly, running waters have
been shown to be very effective conduits for the spread of some alien species [14,15]. The cen-
ters of large cities often encompass sections of rivers that serve as dispersal corridors for aquat-
ic and riparian species [16] — particularly so for species which produce floating seeds or can be
dispersed by floating rhizomes [15].

Woody species (trees, shrubs, lianas) contribute only a moderate proportion to the alien
global flora. Currently, 0.5 % of the world’s tree species and 0.7 % of the world’s shrub species
are invasive outside their native range [17]. This represents 622 species, of which 357 are trees
and 265 shrubs. But in many parts of the world, alien woody species are among the most inva-
sive species [12]. Cause once they are established, they are very difficult to eradicate [18]. Thus,
it is argued that urban centers — and rivers in cities — may serve as a hub for the further spread
of alien species into surrounding environments [19]. A better understanding of the factors that
determine woody plant species invasions along rivers along an urban — peri-urban — rural gradi-
ent is highly important to improve alien species management strategies.

Here, | present a case study of woody plant invasions along the Danube River in eastern
Austria and along a gradient from urban to rural areas. | selected three different sections of the
Danube River in and near Vienna and sampled native and alien woody species composition in
plots in these study regions. Specifically, | addressed the following research questions: 1) What
is the proportion of alien woody species in different sections of the Danube River in eastern
Austria? 2) Which alien woody species are the most common ones? 3) How does alien woody
species abundance change along the urban-rural gradient? 4) Which factors explain the distribu-



tion of alien woody species? | hypothesized that richness of alien woody species decreases from
urban to rural rivers sections and that this decline in alien woody species richness is related to
anthropogenic disturbances (e.g. local population size, vicinity of major streets, and railways).

2. Materials and Methods

2.1 Study region and sites

The study region is located in eastern Austria in and near Vienna (Fig. 1). It consists of three
sections located along the Danube River. With a total length of 2850 km and an average dis-
charge of 7000 m3/s at the river mouth, the Danube is the largest river of Central and Western
Europe [20]. In eastern Austria, the Danube is characterized by spring and summer floods after
snow melt and heavy precipitation events in the catchments of its alpine tributaries. The climate
of Vienna is temperate Pannonian, with cool winters and warm summers, the average annual
temperature is 10,4°C and annual precipitation is 500-650 mm (1981-2010) [21]. In Austria, the
Danube is characterized by a substantial river slope of 40 cm/km, large amounts of gravel being
transported, and thus it is classified as an alpine river. Until the 19th century, the Danube was
characterized by a braided river system that was several kilometers wide in places [20]. The
Danube had been channelized in the late 19th and early 20th century and protective dikes have
been established, while several hydroelectric power plants have been built from the mid-20th
century onwards. As a result, rarely flooded hardwood floodplain forests increased at the ex-
panse of pioneer gravel banks and softwood floodplain forests that are adapted to regular
flooding [22].

Vienna is the capital of Austria. It is a metropolis with c. 1.9 million inhabitants. It is located
at the intersection of the eastern rim of the Alps — the Wienerwald — with the Pannonian plains
to the east. The Danube River is running from northwest to southeast through Vienna.

| have selected three study regions along an urban — peri-urban — rural gradient, i.e. the
Donaukanal (DK) in the city center of Vienna, the Donauinsel (DI) at the periphery of Vienna and
a rural section of the Danube in the Tullner Becken (TB) west of Vienna (Figure S1). The “Do-
naukanal” is a branch of the Danube River which runs across a length of c. 15 km through the
city of Vienna. It is a heavily modified water course running through densely populated areas,
which is accompanied by narrow riverine groves [23]. The “Donauinsel” is a man-made island in
the Danube north of the city center of Vienna that was created from 1972 to 1981 for flood pro-
tection [24]. The Danube River in the wide river basin section of the “Tullner Becken” is accom-
panied by wide floodplain forests that are located in an agriculturally dominated landscape. |
selected a stretch of the Danube that extends from the western border of Vienna to the city
Tulln located 25 km further west (Figure 1). The embankments of the Danube of all study re-
gions are stabilized by rip-rap structures.

2.2 Plot selection, species and environmental data compilation

| randomly established 25 plots at the river embankments (above the mean water level) in
each of the three study regions, i.e. 75 plots in total. In each plot, | collected alien —i.e. species
introduced by human agency to Austria after c. 1500 CE [25] — and native woody species occur-



rence and abundance in each plot. Plots had a fixed size with a length of 20 meters along the
river embankment and a width of 2 m to ensure that the narrow gallery groves along the Dan-
ube were adequately sampled; minimum distance between plots was set to be 300 m to reduce
spatial auto-correlation. Every woody species was recorded within a plot, and its coverage was
estimated (in %) separately for herb, shrub and tree layers. All field work was done in the grow-
ing season of 2018. Species nomenclature and taxonomy follow Fischer et al. [26].

For each plot, | estimated the level of anthropogenic disturbances (e.g. tree removal) in
three classes ranging from 1 (low) to 3 (high). For analyzing the influence of adjacent human
landscape transformation and local propagule pressure on woody species composition in the
plots, | extracted the following data for a 500 m radius around the plots: human population
density (extracted from Statistik Austria) [27], and the proportion of land cover types that con-
tribute to high local propagule pressure. | used the habitat map of Kuttner et al. [28], which pro-
vides gridded high-resolution data (10 x 10 m) on habitat distribution in Austria. | combined all
habitat types which are associated with planting of (alien) woody species in cities, i.e. parks and
gardens, built up areas, roads and railways. The resulting proportion of urban habitat types (Ta-
ble S1) was then used in the analyses.

2.3 Statistical analyses

Woody species were assigned as either native or alien according to the inventory of alien
species in Austria [25]. In a first step, | analysed the level of invasion —i.e. proportion of woody
alien species relative to native woody species numbers. For doing so, | merged woody species
occurrences across all three vegetation layers and converted them to species presence / ab-
sence data per plot. Second, | plotted the distribution of native and alien woody species which
were found in at least 10 plots to analyse differences between study regions.

To analyse the relationship between alien species occurrence and urbanization | calculated
the amount of urban habitats and the human population density within a buffer of 500 m
around every sampling point. Further, | used Generalized Linear Mixed Models (GLMMs) using
the function glmmPQL from the MASS library [29], with presence/absence data from the most
common alien species in plots as dependent variable and the level of disturbance, and propor-
tion of urban habitats and human population density in the surroundings as predictors. To ac-
count for spatial non-independence of plots within the three study regions | included the study
region as random factor. Adjacent population density and proportion of urban habitats were
highly correlated (0.79) and thus the joint inclusion of both variables in a single model is inap-
propriate [30]. Therefore, | fitted separate single-predictor models with each of these three var-
iables for each of the five most abundant alien woody species. The analyses were done in R Ver-
sion 3.6.2 [31]. For the GLMM modelling | used the function gimmPQL from the MASS library
[29].



3. Results

In total, | recorded 44 native and 25 alien woody species in the 75 plots (Table S2). The highest total
woody species number in a plot was 16 (Donauinsel). The highest number of native woody species was
13 (Donaukanal), the highest number of alien woody species was 7 (Donaukanal).

“* i Proportion of alien woody species (%) &=
® 0-14
@ 14-23
> 23-33

@® 33-50
@® 50-100

Fig. 1: Overview of the location of the study region in eastern Austria and the location of the study re-
gions. Shown are the Donaukanal (top left), Donauinsel (top right), and the Tullner Becken (bottom).
Plots are shown in different colours according to the proportion of alien woody species (i.e. number of
alien species relative to number of native species per plot).

| found distinct differences in proportions of alien woody species among plots and among
study regions (Fig. 1). Highest relative proportions of alien woody species Ire found at the Do-
naukanal and in several plots in the central section of the Donauinsel. In contrast, while plots in
the Tullner Becken had much lower proportions of alien woody species.
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Fig. 2: Distribution of occurrences (presence / absence) of the 17 most widely distributed native and al-
ien woody species (occurrences in at least 10 plots) between the three study regions. Occurrences are
shown as proportion, i.e. total number of invaded plots = 100 %. Abbreviations: TB = Tullner Becken, DI =
Donauinsel, DK = Donaukanal. Species abbreviations are as follows: Ace neg = Acer negundo, Ail alt = Ai-
lanthus altissima, Frax pen = Fraxinus pennsylvanica, Pop can = Populus x canadensis, Rob pseu = Robinia
pseudoacacia, Ace plat = Acer platanoides, Ace pseu = Acer pseudoplatanus, Cor san = Cornus sanguinea,
Cra mono = Crataegus monogyna, Frax exc = Fraxinus excelsior, Lig vul = Ligustrum vulgare, Pop alb =
Populus alba, Ros can agg. = Rosa canina agg., Sal alb = Salix alba, Sal ele = Salix eleagnos, Sam nig =
Sambucus nigra, Vib lan = Viburnum lantana.

| found substantial differences in the distribution of the 17 woody species which occur in at
least 10 plots (Fig. 2): Cornus sanguinea (n = 54), Populus alba (n = 48), Fraxinus pennsylvanica
(n=48) and Populus x canadensis (n = 44) are the most frequent native species. Five of the most
common woody species are aliens: Fraxinus pennsylvanica, Populus x canadensis, Acer negundo,
Robinia pseudoacacia and Ailanthus altissima. There are substantial differences in the distribu-
tion of alien woody species among the study regions. The majority of the species have more
than 50 % of their occurrences at the Donaukanal, while Fraxinus pennsylvanica and Robinia
pseudoacacia are more abundant in the other two study regions.

For most of the five most abundant alien woody species, | found rather little differences in
the occurrence across vegetation layers (Tab. 1). Populus x canadensis was much more often
found in the tree layer than in the shrub and herb layers, while for Acer negundo to some extent
the opposite was the case.

Tab. 1: The number of invaded plots by the five most abundant alien woody species, shown separately
for herb (h), shrub (s) and tree (t) layers.

Species Donaukanal Donauinsel Tullner Becken Total
h s t h s t h s t h s t
Acer negundo 8 11 6 5 6 2 1 3 4 14 20 12

Ailanthus altissima 3 2 4 1 1 2 0 0 0 4 3 6



Fraxinus pennsylvanica 5 2 4

Populus x canadensis 4 1 20
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Fig. 3: Boxplots of total (A), alien (B) and native (C) woody species numbers per plot in the three study
regions (DK = Donaukanal, DI = Donauinsel, TB = Tullner Becken). Data have been combined across all

vegetation layers into presence/absence data.



Mean native woody species numbers per plot did not differ significantly between the three
study regions (Fig. 3). Alien woody species numbers were somewhat higher at the Donaukanal
(mean alien species number per plot 3.52) compared to the other two study regions: mean alien
species number per plot was 2.37 (Donauinsel) and 1.75 (Tullner Becken).

Tab. 2: Generalized Linear Mixed Models of the occurrence (presence / absence) of the five most wide-

spread alien woody species. As predictors | used level of disturbance in the plot, and human population

density and the proportion of urban habitats in a radius of 500 m around each plot. Note that all models

are single-predictor models of either variable as human population density and urban habitats are sub-

stantially correlated and their inclusion in one model is not appropriate. Significant predictors are shown

in bold font. Given the rather low number of plots, | relaxed significance levels and considered P-values
of P £0.1 as significant. The study region the plots belonged to was included as random factor.

Alien woody species Predictor Intercept Std.Error P-value
population 0.61 0.25 0.02
Acer negundo urban 0.61 0.25 0.02
disturbance 0.23 0.38 0.54
population 2.40 0.62 <0.01
Ailanthus altissima urban 1.49 0.47 <0.01
disturbance 0.54 0.53 0.31
population 0.02 0.26 0.93
Fraxinus pennsylvanica urban -0.18 0.27 0.51
disturbance -0.34 0.39 0.38
population -0.52 0.43 0.23
Populus x canadensis urban -1.51 0.83 0.07
disturbance -0.65 0.47 0.18
population -1.58 0.32 0.07
Robinia pseudoacacia urban -0.79 0.38 0.04
disturbance -0.01 0.49 0.98

The results from the GLMMs (Tab. 2) show that human population density in the environs of the
plots is significantly positively correlated with the presence of Acer negundo and Ailanthus altissima.
Conversely, the occurrence of Robinia pseudoacacia is negatively correlated with surrounding human
population density. Further, the occurrence of Acer negundo, Ailanthus altissima and — although margin-
ally so — of Populus x canadensis is positively associated with the proportion of urban habitats in the en-
virons, while again, for Robinia pseudoacacia the opposite is the case. For Fraxinus pennsylvanica, |
found no significant relationship. Finally, | found no evidence that the level of disturbance influenced the
presence of any of the five most wide-spread alien woody species.



4. Discussion

4.1 The distribution of alien woody species in river corridors along an urban — peri-urban — rural
gradient

Rivers and their adjacent habitats are known to be important corridors for the spread of a
wide range of alien species [32,33]. For vascular plants, it has been shown that riverine habitats
such as floodplain forests and tall-herb vegetation belong to the most heavily invaded habitats
in Europe [1,2]. Our results show that woody plant species are an important component in gal-
lery forests along the Danube in eastern Austria. The average level of invasion —i.e. the relative
proportion of alien to native woody species in plots — was high across all three study regions. In
several plots, there were more alien woody species than native ones, and average numbers of
alien woody species per plot ranged from 1.75 (Tullner Becken) to 3.52 (Donaukanal). This high
level of invasion is the more impressive as there was no evidence of planting of woody species
in the plots, and it is most likely that all woody species have established themselves. This finding
indicates that gallery forests directly established at riverbanks are particularly susceptible to
invasions. Most likely, this is a result of the interactive effects of episodic disturbances (e.g. due
to flooding) which facilitate the establishment of alien plants [34], and the high likelihood that
propagules are transported and deposited by running water from sources that are located up-
river [32].

Still, there was a moderate decline of alien woody species richness along the urban — peri-
urban — rural gradient. However, given that human settlements in general and large cities in
particular are known to be associated with high local propagule pressure and thus often serve
as hub for the spread of alien species [35], the rather modest decline of alien species richness
from urban to rural environments was rather surprising.

4.2 The distribution of widespread alien woody species across study regions and the underlying

factors

Of the 17 woody species that were recorded in at least 10 plots, five were alien ones. Fraxi-
nus pennsylvanica, Acer negundo and Populus x canadensis were particularly widespread with
occurrences in more than 40 plots. Fraxinus pennsylvanica, which is native to eastern USA, is
one of the most rapidly spreading woody alien species in Central Europe, and it is most abun-
dant in hardwood floodplain forests of large lowland rivers [33,36]. In Austria, it is used as or-
namental species in urban public spaces and sometimes it is planted for forestry purposes.
Along the Danube, the species has spread considerably only since the 1990ies [37], and recently
it has become managed in floodplain forests of the Danube National Park east of Vienna (G.
Oitzinger pers. comm.). Due to its rapid ongoing spread, this species has been recorded with
higher frequency in the herb (14 plots) and shrub layers (20 plots), but somewhat less in the
tree layer (12 plots). Acer negundo, which is native to northeastern USA, has also spread consid-
erably in Central Europe in recent decades. This species was solely introduced as ornamental
tree, as its wood has no commercial value. It is most abundant in lowland softwood floodplain
forests, where it can outcompete the native willow species (Salix spp.) as it is more shade-
tolerant [37]. In the Danube National Park, there have been substantial recent eradication ef-



forts (G. Oitzinger per. comm). Acer negundo is most widespread in the plots of the Donaukanal-
study region, and high human population density and large proportion of urban habitats signifi-
cantly explain its current distribution in the study plots. This finding indicates that spread from
urban plantings seems to drive its invasion into more rural river sections. Populus x canadensis
is a hybrid of a North American (P. deltoides) and European (P. nigra) parental species, which is
widely cultivated for its fast growth mostly in floodplain forests [38]. Molecular studies revealed
that up to 10 % of popular offspring in Europe consists of back crosses between Populus x cana-
densis and P. nigra threatening the native poplar species [38]. Interestingly, the majority of in-
vaded plots is located in the Donaukanal study region, although this species is widely planted in
floodplain forests along rural river sections such as the Tullner Feld.

With less than 20 plots invaded, Ailanthus altissima and Robinia pseudoacacia are both
substantially less widely distributed than the above discussed species. Further, these two spe-
cies differ also ecologically as they are tolerant to dry soils, can re-sprout by root suckers, and
thus are tolerant to anthropogenic disturbance and most widespread in urban ruderal wood-
lands [27, 31]. Ailanthus altissima, which is native to East Asia, is limited to plots in an urban and
peri-urban context and its occurrence is significantly explained by a high proportion of urban
habitats and high population density. This species has been widely planted as ornamental tree
in urban Vienna during the 19™ century [40,41]. In recent decades, it has spread strongly in Vi-
enna and possibly has become the most characteristic alien urban woody species [42]. Surpris-
ingly, the distribution of Robinia pseudoacacia differs strongly from the preceding species: it is
most abundant in rural and peri-urban plots, but only rarely occurs in plots at the Donaukanal.
Accordingly, human population density and proportion of urban habitats negatively affect its
distribution. Possibly, this difference in distribution can be explained by the rather widespread
distribution of Robinia pseudoacacia in floodplain forests of the Danube River [33,43], whereas
this species is rather rarely planted or occurring as escaped tree in urban Vienna.

4.3 Implications for management and conclusions

Rivers and their accompanying habitats are highly important — yet increasingly threatened —
corridors for biodiversity conservation. In cities, additional factors such as recreation further
contribute to the high importance of rivers for urban ecology and human livelihoods alike. The
high abundance of most alien woody species in herb and shrub layers indicate that species are
still spreading.

Managing alien woody species in urban and peri-urban contexts has to weigh potential
benefits (e.g. limiting impacts on native species, reducing or halting the spread to high conserva-
tion value areas such as protect areas such as the Danube National Park east of Vienna against
the benefits that woody species bring about (e.g. providing shade, reducing microclimatic ex-
tremes). Therefore, management needs to be adapted and fine-tuned to specific situations [44].

| argue that while several of the alien woody species | have found are known to cause det-
rimental impacts in habitats of high conservation value [43, 45], management should be limited
to rural sections of the Danube River. Currently, such management is on-going on a large scale
in the Danube National Park [33]. However, | believe that managing alien woody species in ur-
ban and peri-urban sites is not appropriate and useful, given that re-invasion is likely in most
cases (from planted trees in adjacent urban green spaces). | acknowledge that following this



recommendation will entail the implicit recognition that gallery forests along the urban sections
of the Danube will contain a substantial — and likely further increasing — proportion of alien
woody species.
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Appendix A

Figure S1: lllustrative pictures of the study regions. Donaukanal study region in urban Vienna with the
occurrence of Ailanthus altissima and Populus x canadensis (A, B). Donauinsel study region in peri-urban
Vienna, with Ailanthus altissima growing in rip-rap  structures (D). Sources: A:
https://touren.labut.at/donaukanal/; B: https://www.wien.gv.at/stadtentwicklung/projekte/-
zielgebiete/donaukanal/projekte/leitlinien.html; C: http://www.donauwanderlg.at/-
neuedonaudonaustadt.html, D: http://www.oewav.at/home/Service/Neophyten.


https://touren.labut.at/donaukanal/
https://www.wien.gv.at/stadtentwicklung/projekte/zielgebiete/donaukanal/projekte/leitlinien.html
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Table S1: Survey data and explanatory variables used in the analyses. Given are plot number, study region
(Donaukanal, Donauinsel, Tullner Becken), sampling date, level of disturbance (1 = low, 3 = high ), proportion of
urban habitats and human population density (in a radius of 500 m around the plot), and occurrence (presence /
absence) of the five most wide-spread alien woody species in the study plots.

Study region Plot Sampling Ailzlmlihus Acer Fra)finus ) Popt_tllusx Robinia ) P:r:::;:n p:::::;i?on Disturbance
ID date altissima g ] y a pseudoacacia habitat size
Donaukanal DK1 17.04.2018 0 1 0 1 0 94% 52 2
Donaukanal DK2 17.04.2018 0 1 0 1 0 94% 13 1
Donaukanal DK3 28.07.2018 0 0 1 1 0 84% 7746 1
Donaukanal DK4 21.08.2018 0 1 1 1 0 75% 7779 2
Donaukanal DK5 21.08.2018 0 0 0 1 0 81% 9673 3
Donaukanal DKé 23.08.2018 1 0 1 1 0 96% 11151 1
Donaukanal DK7 23.08.2018 0 1 0 1 0 95% 12861 2
Donaukanal DK8 17.04.2018 0 1 0 1 0 83% 1284 2
Donaukanal DK9 17.04.2018 0 1 0 1 0 73% 970 2
Donaukanal DK10 17.04.2018 0 0 0 0 0 89% 1205 2
Donaukanal DK11 | 02.05.2018 1 1 0 1 0 96% 6983 3
Donaukanal DK12 | 02.05.2018 1 0 1 1 0 68% 7396 3
Donaukanal DK13 | 02.05.2018 0 0 0 1 0 84% 7821 3
Donaukanal DK14 | 02.05.2018 0 0 0 0 0 83% 8498 3
Donaukanal DK15 | 02.05.2018 0 1 0 1 0 85% 10832 3
Donaukanal DK16 | 02.05.2018 1 1 0 1 0 96% 10843 2
Donaukanal DK17 | 02.05.2018 1 1 0 1 0 96% 12822 3
Donaukanal DK18 | 02.05.2018 0 1 1 1 0 95% 14330 2
Donaukanal DK19 | 02.05.2018 0 0 0 0 0 96% 11975 3
Donaukanal DK20 | 02.05.2018 1 1 1 0 1 96% 9018 3
Donaukanal DK21 | 08.05.2018 0 1 0 1 0 94% 14197 3
Donaukanal DK22 | 08.05.2018 1 1 0 1 0 96% 14496 3
Donaukanal DK23 | 08.05.2018 1 1 1 1 0 97% 13605 2
Donaukanal DK24 | 08.05.2018 0 0 0 1 0 96% 10329 3
Donaukanal DK25 | 08.05.2018 0 0 0 1 0 89% 4770 2
Donauinsel DI1 08.05.2018 0 0 0 1 1 38% 3091 2
Donauinsel DI2 08.05.2018 0 1 0 0 0 39% 4255 2
Donauinsel DI3 08.05.2018 0 0 0 0 0 45% 5173 2
Donauinsel DI4 08.05.2018 0 0 1 0 0 40% 2976 1
Donauinsel DIS 08.05.2018 0 1 0 0 0 40% 4130 2
Donauinsel DI6 27.05.2018 0 0 0 0 1 32% 231 2
Donauinsel DI7 27.05.2018 0 0 0 1 0 20% 23 1
Donauinsel DI8 27.05.2018 1 1 0 0 0 29% 2192 1
Donauinsel DI9 27.05.2018 0 1 1 0 0 34% 3951 2
Donauinsel DI10 | 27.05.2018 1 1 0 0 0 38% 7877 2
Donauinsel DI11 | 07.06.2018 0 1 0 0 0 32% 3751 1
Donauinsel DI12 | 07.06.2018 0 0 0 0 1 41% 2550 2
Donauinsel DI13 | 07.06.2018 0 1 0 0 0 38% 3239 2
Donauinsel DI14 | 06.07.2018 0 0 1 0 0 27% 2835 2
Donauinsel DI15 | 06.07.2018 0 1 0 1 0 24% 2114 2
Donauinsel DI16 17.06.2018 0 0 0 0 1 35% 511 2
Donauinsel DI17 17.06.2018 0 0 0 1 1 33% 406 1
Donauinsel DI18 17.06.2018 0 0 0 0 0 32% 544 2
Donauinsel DI19 17.06.2018 0 0 1 0 0 23% 55 2
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Table S2: Overview on the recorded woody species in the 75 plots. Given are scientific name, and the biogeo-
graphic status (native / alien).

Species Biogeographic status
Acer campestre native
Acer negundo alien
Acer platanoides native
Acer pseudoplatanus native
Acer pseudoplatanus f. purpureum native
Acer saccharinum alien
Aesculus hippocastanum alien
Ailanthus altissima alien
Alnus glutinosa native
Amorpha fructicosa alien
Betula pendula native
Berberis thunbergii alien
Buddleja davidii alien
Celtis occidentalis alien
Clematis vitalba native
Cornus alba alien
Cornus sanguinea native
Corylus avellana native
Corylus colurna alien
Crataegus monogyna native
Euonymus europaea native
Ficus carica alien
Frangula alnus alien
Fraxinus excelsior native
Fraxinus pennsylvanica alien
Gleditsia triacanthos alien
Hedera helix native
Juglans nigra alien
Juglans regia alien
Koelreuteria paniculata alien
Laburnum anagyroides native
Ligustrum vulgare native
Lonicera xylosteum native
Mahonia aquifolium alien
Malus domestica alien
Morus alba alien
Parthenocissus inserta alien
Populus alba native
Populus x canadensis alien
Populus nigra native
Prunus avium native




Prunus cerasifera
Prunus cerasifera nigra
Prunus mahaleb
Prunus padus

Prunus spinosa

Pyrus pyraster
Quercus robur
Robinia pseudoacacia
Rosa canina agg.
Rubus fruticosus
Salix alba

Salix cinerea

Salix eleagnos

Salix fragilis

Salix purpurea
Sambucus nigra
Sorbus domestica
Symphoricarpos albus
Tilia cordata

Tilia platyphyllos
Ulmus campestris
Ulmus glabra

Ulmus laevis

Ulmus minor
Viburnum lantana
Viburnum rhytidophyllum
Viscum album

Viburnum opulus

native
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