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Abstract

Since neophytes can become invasive in the future, untangling their ecological preferences is of paramount importance, espe-
cially in urban areas where they represent a substantial proportion of the local flora. Studies exploring alien species assemblages
in urban environments are however scarce. This study aims to unravel alien plant species preferences for five urban land uses
(densely built-up areas, open built-up areas, industrial areas, broadleaved urban forests, and agricultural areas and small land-
scape elements). We took the city of Brussels as a model, in which we recorded all vascular species growing spontaneously in
grid cells of 1 km?. We tested two different ways of classifying the 1-km? cells: (1) We simply associated each cell with its
dominant land cover; (2) We used a fuzzy approach for which the degree of association of a given cell to a given land cover
depended on the proportion of that land cover within the cell. For both classification methods, we calculated the indicator species
of the resulting land cover types based on alien species only. The crisp and fuzzy classifications identified 33 and 49 species,
respectively, with a clear preference for some urban land use types (from a total of 129 alien plant species analyzed). Results
showed that urban land use types having apparently similar environmental conditions can actually harbor different neophyte
assemblages. Fine-tuning the categorization of urban environments in future ecological studies is therefore important for under-
standing spatial patterns of alien species occurrence.
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Introduction ecosystems through their impacts on resident plant and animal

communities, soil biota and nutrient concentrations (e.g.

The number of alien species increased over recent decades in
Europe (Butchart et al. 2010), especially in urban areas where
they represent on average 28% of the local flora (Aronson et
al. 2014). Alien species are able to influence the functioning of
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Vanderhoeven et al. 2005; Morales and Traveset 2009;
Maurel et al. 2010; Pysek et al. 2012; Downey and
Richardson 2016). They may also be responsible for species
extinction. For instance, five plant species recorded as extinct
on the IUCN red list have exotic plant species listed as one of
the causes of their extinction (IUCN 2015).

Cities impose strong environmental filters on the urban
flora (Ricotta et al. 2009; Williams et al. 2009; Aronson et
al. 2016). In spite of this, it has been demonstrated on several
occasions that cities are species-rich (e.g. Kiihn et al. 2004a).
The affinity of several alien plant species towards urban areas
has been shown previously. For instance, an urbanity scale
ranging from urbanophilic to urbanophobic depending on
the species’ presence or absence in cities has been developed
for 3659 taxa of the European flora (Klotz et al. 2002; Kiihn et
al. 2004b). However, if we want to improve our knowledge of
the ecology of urbanophilous species we cannot consider the
urban environment as a homogeneous entity but rather as a set
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of more or less distinct habitats, e.g. housing areas of different
types and densities, transport infrastructures, industrial areas,
cemeteries, parks, etc.

Very little published work on the distribution of aliens in
cities has taken into account sub-categories of the urban envi-
ronment. When considering several urban land-use types in a
city of southern Korea, Zerbe et al. (2004) showed that rural
residential areas and industrial areas harbor the highest pro-
portions of non-native species. Preliminary work on the urban
flora of Brussels city showed the positive relationship between
densely built-up areas and the presence of aliens (Godefroid
and Koedam 2007; Ricotta et al. 2010a). In a comparative
study across 32 cities in central Europe, Lososova et al.
(2012) found that the highest proportion of alien species was
found in historical squares and boulevards, whereas very few
aliens had been identified in parks. Similarly, in 45 Central
European settlements, Ceplové et al. (2017) highlighted that the
number of neophytes was higher in residential areas compared to
settlement centers and older successional sites. These studies did
not, however, focus on the requirements of individual species.
This is unfortunate since a better understanding of the ecology of
alien species can help to assess the risks to native biodiversity and
implement mitigation measures (Polce et al. 2011).

If the ecological niche of some alien species is quite well
described (e.g. Tiley et al. 1996; Phartyal et al. 2009;
Godefroid and Koedam 2010; Chmura et al. 2013), it is be-
cause these are among the most invasive plants on earth,
which calls for urgent research given the economic impact
that these species have on their environment. The situation is
quite different for those alien species which are not (yet) re-
corded as invasive. These can however become invasive after
staying for decades in relatively low numbers (Crooks 2005)
or under future climate warming scenarios (Ricotta et al.
2010D). It is therefore imperative to try to understand the eco-
logical needs of as many exotic species as possible. In doing
this, we cannot rely on the ecological data available for the
area of origin of the species since they may behave differently
in their native vs. introduced areas (Kudoh et al. 2007; Hierro
et al. 2009; Beckmann et al. 2011).

This paper aims to fine-tune our knowledge of alien species
preferences for different land uses within urban environments.
To this end, we took the city of Brussels as a model, in which
we recorded the flora in grid cells of 1 km®. We tested two
different ways of classifying the 1-km? cells in different urban
environments: (1) We simply associated each cell with its
dominant land cover; (2) We used a fuzzy approach for which
the degree of association of a given cell to a given land cover
depended on the proportion of that land cover within the cell.
Next, for both classification methods we calculated the indi-
cator species of the resulting land cover types based on alien
species only. We believe that the proposed approach could
help to identify indicator species of various urban environ-
ments among the alien flora.
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Materials and methods
Study area

The area considered in the present study is the city of Brussels
(50°48°’N — 004°21'E; 161 km?; 1.2 million inhabitants). It is
characterized by a temperate climate with a mean annual tem-
perature of 10.5 °C and a mean annual rainfall of 852 mm
(data provided for the period 1981-2010 by the Belgian
Royal Meteorological Institute). The mean annual tempera-
ture of the city has risen by 1.5 °C in the last 40 years
(Godefroid 2011). From a structural point of view, the city
appears as a succession of four concentric zones, from its
business and historical center to the outlying suburbs (De
Bruyn and Lannoy 1991 in IBGE-BIM 1995): (1) the core is
dominated by commercial and administrative activities with a
limited residential function; (2) the districts, constructed in the
last century, are densely built-up; (3) the periphery, less dense-
ly built-up; and (4) the suburbs which can be considered as the
maximum (or peak) demographic growth zone. This part of
the city still keeps green areas. This structure is in line with the
concentric zone model presented by Burgess (1925) introduc-
ing the complexity of urban land use.

Flora census

The city was divided in 189 grid cells of 1 km* However, in
this study, only 159 cells which are included in the adminis-
trative limits of the city for at least 75% of their area were
considered. Within each of these 1 km>-cells, we recorded all
spontaneous (growing naturally) species of the vascular flora
between March and October during 3 years (1992-1994).
With the exception of private gardens, the whole city area
has been surveyed, including managed areas (e.g., road
verges, parks, lawns), sometimes requiring a special permit
(e.g. in the case of train stations or properties of the royal
family). In order to avoid under-sampling because of the
seasonal variation, each 1 km*-cell was surveyed twice along
the growing season (early spring and summer or early au-
tumn). Upon each visit, the field survey was long enough to
reach the point where it was difficult to add further species to
the list.

Each species was then classified as alien or native, where
alien species are defined according to Pysek et al. (2004) as
those introduced to the region as a result of human activities
and successfully naturalized. Only alien species introduced
after AD1500 were considered in this study. This date rep-
resents the discovery of the New World and the start of a
period of radical change in human movement, commerce
and industry.

Soil nutrient availability (N), soil reaction (R), soil mois-
ture (F) and light (L) in each cell were estimated using
Ellenberg’s species indicator values (Ellenberg et al. 1991).
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These indicator values have been widely applied to summa-
rize the species’ response to edaphic and climatic parameters
in Central Europe (e.g. Dieckmann 2003; Ewald 2003;
Jansen et al. 2011). However, because the species’ ecolog-
ical requirements are not always constant, but vary widely
from one region to another (Godefroid and Dana 2007), we
used the re-calibrated Ellenberg’s indicator values for the
British Isles (Hill et al. 1999), which are phytogeographi-
cally closer to our study area. For each cell, representative
Ellenberg’s indicator values either for nutrient, reaction
(pH), moisture or light were derived by averaging the cor-
responding indicator values for all species present in that
cell (Godefroid and Koedam 2007).

Land use analysis

Land use types were extracted from the Biological Valuation
Map (Brichau et al. 2000), which is a standardized field sur-
vey and evaluation of the biotic environment of Flanders and
the Brussels Capital Region (scale 1:10,000). The polygons
on the map were defined based on primary units such as the
land use type (e.g. standing water, grassland, agricultural area,
urban area), subunits embedded in the primary categories such
as the vegetation type (e.g. mesophilic hay meadow, reed bed,
oak-hornbeam forests) and small landscape elements (e.g.
ditches, verges, tree alignments, hollow road) identified on
the field and delineated with the help of aerial photographs.
Using Arc View Spatial Analyst (ESRI 1996), we next calcu-
lated the proportion of land use types for each grid cell. For the
analyses, we only focused on the most abundant land use
types, some of them may have been aggregated compared to
the original classification to increase the power of the
analyses: densely build up (UD), open built up (UO),
broadleaved urban forests (FOR), industrial areas (IND),
and agricultural areas and small landscape elements
(AGR). The last category results from the combination
of three mapping units: (1) agricultural areas (cropland),
(2) isolated farms in agricultural areas, and (3) small land-
scape elements (i.e. orchards, tree alignments of Canadian
poplars, ditches and verges, line-shaped vegetation of field
borders, and hollow roads). Given that this third mapping
unit is essentially recorded in agricultural environments,
we considered relevant to include it in our “AGR” land
use type. The five land use types that we considered in this
study cover on average 74.3% of the surface area of our
grid cells (median: 79.6%). Among the land use types
excluded from the analysis, the least rare are: main roads,
railways, pastures and bushes (each of them covering less
than 2% of the grid cell area). Moreover, the flora associ-
ated to large boulevards and railways could not be
inventoried (a special permit is necessary and it was not
granted for obvious safety reasons).

Statistical analyses

To test whether 1-km? cells with similar land uses are envi-
ronmentally more similar than cells with different land uses,
we used Mantel correlation between the pairwise Euclidean
distances calculated from the land use composition within
each cell and the corresponding Euclidean distances be-
tween the Ellenberg’s indicator values of each cell. Next,
to investigate the preference of alien species for different
urban land uses, we used two different ways for classifying
the 1-km? cells:

(1) Crisp classification. We associated each cell with its
dominant land use among those previously identified
(densely built-up, open built-up, broadleaved urban for-
ests, industrial areas, and agricultural areas and small
landscape elements). To validate the environmental dis-
tinctness of the land use types identified by the crisp
classification, we performed a permutational multivari-
ate analysis of variance (PERMANOVA) on the pairwise
Euclidean distances between the Ellenberg’s indicator
values of each 1-km? cell (999 randomizations).
PERMANOVA is a multivariate extension of the tradi-
tional analysis of variance (ANOVA), which is used for
testing for significant difference between two or more
groups of cells based on any distance measure of choice
(Anderson 2001). All analyses were performed with the
software PAST 3.17 (Hammer et al. 2001) freely avail-
able at: http://folk.uio.no/ohammer/past.

Using indicator species analysis, we then identified the
alien species that best characterize each land use type.
Indicator species are defined according to Ricotta et al.
(2015) as those species that are more common in a given
group of 1-km? cells than expected from a random null model
in which all cells have equal probability to host each species.
Dealing with species presence and absence data, to determine
if a given species is significantly associated with a target land
use type, the observed number of presences of that species in
the target group of cells was compared with a random null
model in which the species occurrences are randomly permut-
ed between all cells. For each group of cells, p-values were
then calculated as the proportion of permutation-derived
values of species presences that were as high or higher than
the actual values (999 randomizations). As shown by Ricotta
et al. (2015), the permutation of presence and absence data
renders this test equivalent to more complex statistics for test-
ing the species fidelity to a given group of sites (see e.g.
Chytry et al. 2002; De Caceres and Legendre 2009).

(2) Fuzzy classification. We used a fuzzy approach for

relaxing the traditional one-cell-one-class method in
which each 1-km? cell is unambiguously assigned to a
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single land use type. The principle behind this fuzzy
classification is that, at this scale of analysis, the situation
of one land use type being exactly right and all other
types being equally and exactly wrong usually does not
exist (Rocchini and Ricotta 2007). Conversely, there is a
gradual change from membership to non-membership,
such that the degree of association of a given cell to a
given land cover type depends on the proportion of that
land cover within the cell.

Accordingly, the observed number of occurrences V;, of a
given species i for a target land use 7 was calculated as:

M
N = k;kaEik (1)

where p.; is the proportion of land use rincell k (k=1, 2, ...,
M) and ¢;;, takes the value of 1 if species i is present in cell ,
otherwise it takes the value of zero.

The contribution of a species’ presence to N;, is thus direct-
ly related to the proportion of land use 7 in that cell. Therefore,
cells with low values of p.; contribute less to N;, than cells
with higher values of p;.

Like for the previous case, the observed number of occur-
rences of a given species ;, in each land use type was then
compared with a null distribution obtained from 999 random-
izations, in which the species occurrences are randomly per-
muted between all cells.

Results

The Mantel correlation highlighted a significant relationship
between land use composition and the Ellenberg’s indicator
values (R =0.428, p <0.001, 999 randomizations). Therefore,
cells with similar land use composition are also environmen-
tally similar in terms of light, soil nutrient availability, soil
reaction, and soil moisture.

Looking at the different methods for classifying the 1-km?
cells, our results showed that:

(1) For the crisp classification, the permutational analysis of
variance emphasized the environmental uniqueness of
the five land use types in terms of the Ellenberg’s indi-
cators (overall F=33.78, p <0.001), meaning that the
land use classification used for analyzing the urban flora
of Brussels makes sense from an environmental point of
view (Fig. 1 and Table 1). The alien species that were
significantly associated with the five urban land use
types are shown in Table 2. Among the 129 alien species
used in this study, 33 had significant association with at
least one land use type (p < 0.05, two-tailed test).
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(2) Relaxing the mutually exclusive nature of the landscape
classification in (1) and allowing for partial and multiple
class membership of the 1-km? cells, the number of in-
dicator species raised to 49 (Table 2), showing that the
proposed fuzzy approach improves the flexibility of the
species’ association with a given land use type in a com-
plex and stratified environment, such as the urban area of
Brussels. The highest increment in the number of indica-
tor species is shown by industrial and agricultural areas,
which passed from 3 indicator species to 14 and from 4
to 11, respectively.

Open built areas support the largest number of neophytes (16
species common to both statistical approaches). This land use
has the highest number of invasive species, including Fallopia
sachalinensis, Prunus serotina, Robinia pseudoacacia,
Solidago canadensis and S. gigantea. Conversely, very few
species have been identified as indicators of densely built-up
areas, i.e. Buddleja davidii, Galinsoga ciliata, Matricaria
discoidea, Phalaris canariensis and Mahonia aquifolium (only
with the Crisp classification).

Discussion
Comparison between the crisp and fuzzy approaches

For the selected urban land use types, the crisp and fuzzy
classifications identified 33 and 49 indicator species, respec-
tively. The difference observed between both methods was
mainly due to the higher number of indicators of industrial
areas and agricultural areas and small landscape elements ob-
tained when using a fuzzy algorithm. Conversely, those spe-
cies identified as indicators of densely built-up areas, open
built-up areas and urban forests were basically the same for
both land use classifications. Previous theoretical work had
shown that the classification performance obtained by crisp
and fuzzy approaches was not statistically different (Jara and
Acevedo-Crespo 2009). However, in the urban context of the
present study, the identification of indicator species seems to
be more efficient when using the fuzzy classification, at least
for those land uses which do not dominate the urban matrix.
By using a crisp classification, we assigned only one land use
class to each grid cell, which is a simplified and somewhat
distorted view of the urban complexity. Using a fuzzy ap-
proach allows for modelling gradients between categorical
variables, thus decreasing the loss of information resulting
from the crisp classification (Nickel and Schroder 2017). By
taking into account the transition zones, the fuzzy approach
probably better represents the mosaic of land uses that is so
typical in urban areas. As a result, the 1-km cells used in
this study are most likely better described in terms of
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Fig. 1 Box plots of the
Ellenberg’s indicator values for
the five crisp land use types used
in this study. UD = densely built-
up, UO = open built-up, FOR = 7
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combinations of land uses, rather than as single land use.
However, in order to increase the robustness of our results,
we opted for a conservative approach and discuss below only

Table 1 Results of the permutational analysis of variance on pairwise
Euclidean distances between the Ellenberg’s indicator values of each 1-
km? cell. The p-values of the pairwise comparisons of environmental
differences between land use types are shown without adjustment for
multiple testing (overall /'=33.78, p<0.001, 999 randomizations).
UD =densely built-up, UO =open built-up, FOR = broadleaved urban
forests, IND = industrial areas, AGR = agricultural areas and small
landscape elements

Land Use UD uo FOR IND AGR
UD p<0.001 p<0.001 p=0.073 p<0.001
18[0) F=20.57 p<0.001 p<0.001 p<0.001
FOR F=101.80 F=38.01 p<0.001 p<0.001
IND F=229 F=1831 F=7448 p=0.003
AGR F=8.388 F=823 F=3249 F=6.63

UD  UO FOR' IND AGR'

UD UO FOR IND AGR '

indicator species that were significant in both approaches
(crisp and fuzzy) which gave identical results for 28 taxa.

Preferences of alien species for specific urban land
uses

From a total of 129 alien plant species analyzed, we identified
28 (common to both classification methods) with a clear pref-
erence for certain types of urban land uses. It therefore appears
that more than a fifth of the species considered seem to have
rather narrow ecological requirements allowing them to dif-
ferentiate between densely or openly built areas, or industrial
arcas. Analyses of a large number of vegetation relevés from
North-Eastern Germany already revealed that alien species
show individualistic ecological preferences (Jansen et al.
2011), but this comparative study focused on 34 phytosocio-
logical classes without particular emphasis on urban ecosys-
tems. Several studies compare environmental preferences of
exotic and native species (e.g. Hulme 2009; Polce et al. 2011),
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Table 2 Alien indicator species for the selected urban land use types 999 randomizations, two-tailed test). UD = densely built-up, UO = open
obtained by comparing the actual number of presences of each species in built-up, FOR = broadleaved urban forests, IND = industrial areas,
a given land use type with a random null model in which the species AGR = agricultural areas and small landscape elements

occurrences are randomly permuted between all 1-km? cells (p <0.05,

Indicator Species Land Use Types

Crisp Classification Fuzzy Classification

UD uo FOR IND AGR UuD uo FOR IND AGR

Acer platanoides X X
Ailanthus altissima X
Allium schoenoprasum X X

Alnus incana X X

Amaranthus blitum X
Barbarea intermedia X
Barbarea stricta

Berteroa incana X

Bidens frondosa

Buddleja davidii X X

Castanea sativa X X X X

HooR X X

Conyza canadensis

Cymbalaria muralis X X

Digitaria sanguinalis X X
Euphorbia lathyris X X

Fallopia sachalinensis

Galega officinalis X

Galinsoga quadriradiata X X

Impatiens glandulifera X

Impatiens parviflora X X

Juncus tenuis X X

Lepidium virginicum X

Ligustrum ovalifolium X X
Lolium multiflorum X
Mahonia aquifolium X

Matricaria discoidea X X

Mercurialis annua X

Mespilus germanica X X

Oenothera biennis X
Oenothera glazioviana

Oenothera deflexa

Pentaglottis sempervirens X X
Phalaris canariensis X X

Potentilla intermedia X

Prunus serotina X X X
Pseudofumaria lutea

Quercus rubra X X

Robinia pseudoacacia X X

Sedum spurium

Senecio inaequidens X X
Sisymbrium altissimum X X

Solidago canadensis X X

Solidago gigantea X X

@ Springer
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Table 2 (continued)
Indicator Species Land Use Types

Crisp Classification Fuzzy Classification

UD Uo FOR IND AGR UuDb Uo FOR IND AGR
Symphoricarpos albus X
Taxus baccata
Trifolium hybridum X X
Veronica filiformis X X X
Veronica persica X
Vicia villosa X
Vinca major X
Total 5 18 5 3 4 4 21 5 14 11

but so far there is very little published work examining the
ecological requirements of exotic species in an urban context,
especially for non-invasive aliens.

We know from previous work that the presence of alien
plants is positively correlated with anthropogenic disturbance
(e.g. Roy et al. 1999; Zerbe et al. 2004; Godefroid and
Koedam 2007; La Sorte et al. 2007; Polce et al. 2011;
Aronson et al. 2015), but the present study contributes to
fine-tune our knowledge of the ecology of these species. For
instance, Buddleja davidii and Pseudofumaria lutea were
known to be associated with urban land cover (Botham et al.
2009), while our analyses identified a preference for densely
built-up areas for the former and open built-up areas for the
latter. If environmental conditions are obviously very different
between the urban matrix and forest islands or semi-
natural remnants, the results shown here also highlight
that densely and open built-up areas are perceived differ-
ently by a large number of exotic plant species. Studies
exploring the influence of urban land use types on species
assemblages are scarce. Some compare very different en-
tities like tramlines, buildings, cemeteries and green areas
(Sudnik-Wojcikowska and Galera, 2005), thus yielding
expected results on plant species composition. Others
present a list of diagnostic species for compact vs. open
residential areas but do not focus particularly on aliens
(Lososova et al. 2011). The few studies that have consid-
ered different urban land uses mainly focused on their (3-
diversity rather than on the ecological preferences of the
constituting taxa. For instance, a recent study carried out
in 45 Central European settlements showed that residential
areas contain more exotic species than settlement centers
(Ceplova et al. 2017). In a review of 32 European cities,
Lososova et al. (2016) have recorded similar numbers of
alien species in compact vs. open residential areas. These
results, however, did not answer the question whether
these environments harbor a specific flora.

An important message from this study is that several neo-
phytes are more likely to be found in particular urban land use
types. This indicates that environmental filters select a specific
set of exotic species with similar requirements. Processes driv-
ing urban plant life are complex (Williams et al. 2009), rang-
ing from soil compaction, eutrophication and pollution to en-
hanced dispersal, habitat fragmentation, high disturbance re-
gime or urban heat island (e.g. Sukopp and Werner 1983;
Pouyat et al. 1997; Godefroid and Koedam 2003). The com-
bination of these processes likely explain the preference
expressed by some exotic species for a particular type of urban
land use. According to Lososova et al. (2011), species
assemblages in urban areas are primarily dependent on the
habitat type. Even within the same habitat, soil conditions
can vary (e.g. texture or pH), leading to the presence of a very
specific flora. In urban wasteland, Godefroid et al. (2007) have
shown for example that different kinds of anthropogenic sub-
strates (i.e. sand, pebbles, concrete, rubble) significantly influ-
enced the presence and abundance of several ruderal species,
including aliens. In a mid-sized city in the Czech Republic,
Stajerova et al. (2017) found that the proportion of built-up
areas was the most important predictor of the occurrence of
invasive neophytes.

There are several features differentiating densely built-up
areas from open built-up areas. For instance, the proportion of
impervious surface is much higher in the former compared to
the latter. Asphalt, concrete, and pavement generate high tem-
peratures, contributing to the so-called urban heat island
(Sukopp and Werner 1983), implying that plants must be
pre-adapted to a warmer microclimate to survive. This has
been confirmed for instance by Schmidt et al. (2014) who
detected a higher proportion of thermophilous species in the
center of the city of Hamburg. In these areas, plants grow in
pavement cracks, on old house walls, or in wasteland (e.g.
Buddleja davidii). These conditions also require adaptation
to compacted substrates. On the other hand, open built-up
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areas are characterized by the presence of gardens, whose
vegetation (particularly woody) generates a cooler and wetter
microclimate than in densely built-up areas. This difference in
microclimate inevitably has an effect on the floristic compo-
sition in these urban land use types, with indicator species like
Acer platanoides or Prunus serotina.

According to the mean Ellenberg indicator values calculat-
ed for the five land use types used in this study, densely built-
up areas were characterized by a higher light availability, soil
nutrients, soil pH, and a lower soil moisture compared to open
built-up areas. This is in agreement with previous studies
showing that the most anthropized parts of cities are generally
dry (Grimm et al. 2008), unshaded (Chocholouskova and
Pysek, 2003) and dominated by building materials, which
tend to be strongly alkaline (Sukopp and Starfinger 1999).
Interestingly, environmental conditions, as inferred by the
Ellenberg values, for densely built-up areas and industrial
areas were found to be the same. We however have identified
specific indicator species for these two land use types. Senecio
inaequidens, Berteroa incana and Sisymbrium altissimum
were characteristic of industrial areas. The latter two are called
urbanoneutral (i.e. having no preference for urban or non-
urban areas) by Klotz et al. (2002). Industrial areas are char-
acterized by trading activities involving the transport of goods
and by a lower maintenance intensity than in densely built-up
areas. These conditions increase seed dispersal opportunities
and facilitate the establishment of alien species, especially
those that require a lower disturbance regime than in densely
built-up areas.

Disturbance regime has been reported as one of the main
drivers of species composition in urban environments
(Ceplova et al. 2017). In the present study, those species as-
sociated with densely built-up areas are actually typical of
areas with high levels of disturbance, e.g. Buddleja davidii,
Galinsoga quadriradiata, Matricaria discoidea and Phalaris
canariensis. Most of them are listed as urbanophilic species
(i.e. restricted to urban settlements) by Klotz et al. (2002).
Regarding the species identified as indicators for open built-
up areas, they have been allocated to several categories in the
urbanity scale of Klotz et al. (2002), the majority being
urbanoneutral (e.g. Acer platanoides, Fallopia sachalinensis,
Robinia pseudoacacia, Solidago canadensis, Symphoricarpos
albus) or moderately urbanophobic, i.e. restricted to non-
urban areas (e.g. Mespilus germanica, Prunus serotina,
Solidago gigantea, Taxus baccata). Our results are therefore
mostly in line with the urbanity scale of Klotz et al. (2002).

Conclusions
Our analyses have shown that examining alien species presence

in different urban land use types may interestingly reveal addi-
tional information compared to previous work, suggesting that

@ Springer

cities should not be seen as homogeneous entities. In this study,
we have demonstrated that fine-tuning the categorization of
urban land use types is important for understanding spa-
tial patterns of alien species occurrence. Some urban land
use types actually have a different ecological signature
for several exotic species. Future research aiming at un-
derstanding patterns of establishment or dispersal of non-
native plant species within cities should therefore take
into account the fact that each urban land use type rep-
resents a very specific environment. More studies are
also needed on the mechanisms through which urban
land use influences the establishment of alien species,
especially for those that are not (yet) invasive and have
received far less attention so far. Neophytes are relatively
recent newcomers whose ecological requirements in their
synanthropic range are not yet fully understood. Since
they could become invasive in the future, identifying
what particular species are associated with which land
use types is of paramount importance.
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