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Abstract: Because biological invasions by some introduced tree species pose a major threat to biodiversity,
early detection of invasion risks is important for managing existing and future plantings and mitigating
negative impacts of invasions. Acer monspessulanum is a European tree species with a large Mediterranean
and sub-Mediterranean range. Due to its high drought resistance, it is considered well adapted to climate
change and a promising future tree for urban plantings. This study aimed to determine whether invasion
risks are associated with plantings in cities outside the species’ natural range. Rare old plantings of A.
monspessulanum in Berlin, Germany, were used as a model to investigate whether urban plantings can be
invasion foci in cities with a temperate climate. For this purpose, the surroundings of cultivated trees were
examined with regard to natural regeneration and the number and height of naturally regenerated individu-
als and their distance from the parent tree were determined. Acer monspessulanum started to spread 273 years
after the first cultivation in Berlin. Each of the sampled four plantings had local spontaneous populations,
mostly colonizing loose, semi-shaded anthropogenic hedges and forest patches. A total of 814 spontaneous
individuals were detected, with a maximum height of 4.5 m. The maximum distance to the next parent
tree was 106 m. However, most individuals grew below or close to the canopy of parent trees. The results
indicate that increased planting of A. monspessulanum can induce invasion processes in cities beyond its
native range. However, negative invasion impacts from urban plantings are not to be expected in cities
with similar environmental conditions as Berlin. Therefore, the species is not considered invasive. Despite
a decades-long spread period, the spontaneous populations were confined to the adjacency of propagule
sources and the invaded urban greenspaces had a low conservation value. As a positive effect, natural regen-
eration of A. monspessulanum in such settings could increase the resilience of urban forest patches to climate
change. However, further spread should be monitored and plantings near rocky sites with dry grasslands of
conservation concern should be avoided.
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Introduction (Richardson & Rejmadnek, 2011). Cities are an im-
portant focus of the introduction and cultivation of

Invasions by some introduced tree species non-native treesand escape from urban plantings has
pose a significant threat to biodiversity worldwide greatly changed many urban floras (Chocholouskova
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& Pysek, 2003; Kowarik et al., 2013). In Berlin, for
example, the proportion of non-native species in the
spontaneous woody flora increased from 16% at the
end of the 18th century to 67% two hundred years
later (Kowarik et al., 2013). Escape from cultivation
can result in conflicts with biodiversity conservation
(Potgieter et al., 2017), which have been described
from Central Europe, for example, for Robinia pseudo-
cacia (Vitkové et al., 2017).

As climate change poses an increasingly pressing
challenge for urban trees, the use of species from
warmer distribution areas is recommended because
the supply of suitable native species is often limit-
ed, particularly for harsh urban sites (Sjoman et al.,
2016). Urban plantings are also discussed in terms of
assisted migration and can provide stepping stones
for the dispersal of species from adjacent warmer
areas (Han et al., 2021). However, new risks could
also arise if new plantations function as invasion
foci. Therefore, early detection of invasion risks is
essential to adequately manage current and future
tree plantings and to prevent potential negative con-
sequences of spread at an early stage (Brundu et al.,
2020).

Recommended new trees for urban sites include
French or Montpellier maple (Acer monspessulanum;
Vogt et al., 2017; Boll, 2018). This species has a large
Mediterranean and sub-Mediterranean native range
and its high drought resistance is well documented
(Tissier et al., 2004; Sjoman et al., 2015). Experi-
mental plantings along streets in German cities have
demonstrated satisfying growth characteristics and a
sufficient frost tolerance, even in climatically less fa-
vored cities such as Kempten (Bo6ll, 2018; Schonfeld
& Boll, 2021). Whether urban plantings of A. mon-
spessulanum can serve as invasion foci in cities with a
temperate climate is unknown so far. This is a rele-
vant question because the onset of fruiting has been
reported as early as the fifth year after planting as a
street tree (Boll, 2018) - and the amount of seeds
available (i.e., propagule pressure) is a powerful pre-
dictor of invasion success (Pysek et al., 2009).

This study addresses the question of whether the
increased planting of A. monspessulanum expected in
the future could be associated with invasion risks in
urban environments. To answer this question, the
few known old A. monspessulanum plantings in Berlin,
Germany, were taken as a model to examine the rela-
tionship between the availability of propagule sourc-
es and natural regeneration. The study questions
were (1) whether natural regeneration occurred in
the vicinity of cultivated old A. monspessulanum trees,
(2) how large any spontaneous populations were, (3)
which growth heights naturally regenerated individ-
uals reached, and (4) to what distance they were able
to spread from the nearest cultivated tree as prop-
agule source.

Materials and Methods
Study species

Acer monspessulanum L. is a slow-growing, medi-
um-sized and often multi-stemmed tree with small,
three-lobed leaves. The large natural range covers
regions with Mediterranean and sub-Mediterranean
climate in Europe, Western Asia and North Africa
(Mai, 1988). In Europe, the tree is a typical compo-
nent of mixed deciduous forests (Quercetalia puben-
scentis) and hedges (Horvat et al., 1974; Botineau et
al., 1998). Acer monspessulanum had been part of the
Tertiary flora of today’s Germany (Mai, 1988). In
the warmest regions of this country, there are nat-
ural outposts from the sub-Mediterranean range on
south-facing, shallow slopes along the Rhine and its
tributaries. Acer monspessulanum here is a component
of thermophilic forest communities (Aceri monspes-
sulani-Quercetum petraeae; Oberdorfer, 1992) and also
colonizes abandoned vineyards (Streitz, 2001).

From Berlin, first A. monspessulanum plantings
were documented 276 years ago from the then fa-
mous garden of Christian Ludwig Krause (Roloff,
1746). Although the natural regeneration of non-na-
tive woody species has long been studied in Berlin
(Bolle, 1886; Kowarik, 1992), Berlin’s current flora
does not report spontaneous occurrences of A. mon-
spessulanum (Seitz et al., 2018). Apart from few recent
plantings of young trees along roads, only a few old
trees are known that could function as invasion foci.

Study sites

In Berlin, four sites with cultivated A. monspessu-
lanum trees were sampled, spanning rural, sub-urban
and urban environments (Table 1). Two trees were
legally protected as natural monuments (heritage
trees; sites A, B). The estimated height of cultivat-
ed trees ranged from approximately 8-20 m, and the
circumference measured at 1.3 m from 64-178 cm.
The exact age is unknown, but was likely more than
70 years at sites A-C. Site C harbored nine closely
spaced, partially multi-stemmed trees in an area of
about 6 X 32 m, located between a railroad corridor
and a lawn. This dense stand was multilayered and
interspersed with other tree and shrub species, some
planted and some from natural regeneration, with
Acer platanoides as most abundant among the latter.

Natural regeneration

At all sites, the area surrounding the planted
trees was visually inspected for natural regenera-
tion in October 2022 and the number of spontane-
ous individuals was determined. The distance of the
searched area from the initial planting depended on
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Table 1. Study sites A-D in Berlin and characteristics of planted Acer monspessulanum trees, related spontaneous popula-

tions and invaded habitats

Site

District of Berlin

Location in urban
matrix,

Planted trees
c: circumference [cm],

Size of

Maximum dis-

spontaneous tance to parent Invaded habitats

(coordinates) major land uses h: height [m] population tree [m]

A Treptow-Kopenick Suburban agricultur- 1 tree (h: 12) 7 45 Hedges, shrub
(52.45198198344655, al remnant, vacant planting
13.467360409252821) land, road corridor

B  Mitte (52.54987358493827, Urban core, late 19t 1 tree (c: 178, h: 20) 4 4 Ornamental
13.358946398408566) century residential planting

area, backyard with
ornamental plantings

C Steglitz-Zehlendorf Suburban residential 9 trees (h: 12-14), 781 106 Hedges, shrub
(52.43771992432515, area from the 1930s, including 1 three-trunk- plantings, wood-
13.277550339977385) greenway along a ed (c: 126, 107, 99), 3 land patches

railway corridor with two-trunked (c: 133,
lawns, hedges and 110; 88, 83; 115, 81) and
woodland patches 6 one-trunked (c: 130,
118, 117, 104, 87, 64)
trees

D Steglitz-Zehlendorf Suburban, Botanical 1 tree (h: 8, c: 138) 22 11 Shrub/
(52.45662701003276, Garden, tree and grassland com-
13.304484720575791) shrub plantings in plex

grassland

local conditions. At sites A and C, sites potentially
suitable for regeneration were searched to a distance
of 160-230 m along the main wind direction. The
search radius in other directions was smaller, as re-
generation occurred here only in close proximity to
the parent trees. At site B, the search was limited
to the yard, which was surrounded by tall buildings
on three sides and the adjacent yard was not acces-
sible to the fourth side. At site D, the search radius
covered the adjacent grassland/shrub complexes be-
cause no regeneration occurred in the adjacent inten-
sively maintained beds and dense beech woodland.

Individuals were counted except of site C, which
had a large number of small individuals below the
canopy of planted trees. Here, the number of individ-
uals up to 60 cm in height was estimated on a cohort
basis. In addition, the height of naturally regenerated
individuals was determined. Individuals shorter than
90 cm were assigned to three height classes (1-30
cm, 31-60 cm, 61-90 cm). The individual height of
taller growing saplings was determined, and these
individuals were assigned to three height classes as
well (91-180 cm, 181-360 cm and 361-540 cm). Fi-
nally, the distance of each naturally regenerated indi-
vidual to the nearest crown edge of a planted old tree
was determined.

To compare how the distribution of the height
of naturally regenerated individuals differed as well
as their number among sites, Pearson’s Chi-squared
tests were undertaken. To understand whether there
was a relationship between distance to the parent
plant and the number of regenerated individuals, a
generalized linear model (GLM) with quasipoisson
(due to overdispersion) was undertaken.

Results

Natural regeneration was found under the canopy
or in the vicinity of all planted trees. The invaded
vegetation types included hedgerows, multi-layered
woody patches, ornamental horticultural plantings,
and semi-shaded shrub/grassland complexes in ur-
ban greenspaces (Table 1). Grassland fallows and
disturbed sites in the vicinity of site A were not
colonized.

A total of 814 naturally regenerated individuals
were detected. The distribution of these individuals
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Fig. 1. Percentage distribution of naturally regenerated in-
dividuals of Acer monspessulanum across height classes:
(a) total population (n = 814), (b) local populations per
site (n = 7, 4, 781 and 22 for sites A-D, respectively)
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Fig. 2. Distance of naturally regenerated individuals of Acer
monspessulanum to the nearest parent tree. Individuals
growing outside the canopy of cultivated trees (n = 95)
were assigned to distance classes. Individuals below
the canopy of a parent tree (n = 719 with distance = 0)
are not show

differed significantly among sites (x-squared = 47.2,
df = 30, p = 0.02) with most trees found on site C
(n = 781) and least on site B (n = 4). The maximum
height was 4.5 m at site A and site C, each for a young
tree growing close to a fence. Maximum height at
site B was 1.4 m, and 0.3 m at site D. Figure 1 shows
the distribution of naturally regenerated individuals
among height classes for the total population and for
local populations at each site. Although height class
0-30 cm occurred the most, there were no significant
differences among height classes (x-squared = 48,
df = 50, p = 0.55).

Figure 2 shows the distribution of naturally re-
generated individuals among distance classes in rela-
tion to the next propagule source. The maximum dis-
tance to the next parent tree at the four sites ranged
from 4-106 m (Table 1). Most individuals (n = 719)
occurred at a distance of 0 m to the parent tree (i.e.
growing under its canopy), followed by a distance of
8 m (n = 31) and 45 m (n = 11), whereas other in-
dividuals ranged within a distance from 3 m to 106
m to the parent tree. Here, no significant relation-
ship between distance to parent tree and the number
of regenerated individuals was found (-0.22 £52.40,
p < 1.00).

Discussion

All cultivated trees of A. monspessulanum inves-
tigated in Berlin were associated with natural re-
generation, and spontaneous populations have so
far spread up to 106 m from the propagule source.
Therefore, this species is to be considered a new neo-
phyte (post-1492 introduction) of the flora of Berlin.
Its status is that of a casual non-native species, as
evidence of a permanent population establishment
by the emergence of a second generation of naturally
regenerated individuals is still pending.

But is A. monspessulanum invasive? Concepts in in-
vasion ecology usually describe several phases of an
invasion process, which starts with the human-me-
diated introduction of a species and includes further
stages such as reproduction, establishment and fur-
ther spread (Richardson et al., 2000). This study thus
demonstrates a beginning invasion of urban greens-
paces by A. monspessulanum. Whether the species is
considered invasive depends on the definition used.
There are two fundamentally different approaches to
define invasive species. According to Richardson et
al. (2000), species that reproduce continuously and
spread far from their original habitat are considered
invasive, whereby possible positive or negative con-
sequences do not matter. According to an IUCN defi-
nition, which also guides many legal regulations, in-
vasive alien species are those that trigger significant
negative impacts on biodiversity or ecosystems (see
Pysek et al., 2020). According to neither definition,
A. monspessulanum is considered invasive. The species
has overcome the reproduction barrier in the course
of its invasion process, but cannot be considered es-
tablished due to the lack of sustainable population
establishment. As no negative ecological effects can
be observed, A. monspessulanum is also not to be ad-
dressed as invasive according to the IUCN definition.

Acer monspessulanum has a long residence time in
Berlin as a cultivated tree. The time lag between re-
ports of the first cultivation (Roloff, 1746) and the
first spontaneous natural regeneration (this study)
is 276 years, and thus markedly higher than the 170
years calculated as the mean time lag between intro-
duction and spread of 66 non-native tree species in
the Berlin region (Kowarik, 1995). The late start of in-
vasion by A. monspessulanum in Berlin can be explained
by the fact that not only residence time but also the
amount of plantings determines invasion success
(Pysek et al., 2009). Only few trees were planted in
Berlin thus far. As a mutually non-exclusive explana-
tion, climate warming in recent decades may have re-
duced frost damage to seedlings of this Mediterrane-
an to sub-Mediterranean species, which are generally
more susceptible than older developmental stages.
Therefore, the delayed spread of A. monspessulanum
may also reflect changing environmental conditions.
With increasing plantings in urban areas, increased
regeneration and spread can therefore be expected.

The distribution of spontaneous individuals
among height classes indicates a growing population
with a dominance among small individuals. The age
of the individuals could not be determined but due
to the slow growth of A. monspessulanum, an age of
more than 10 years can be assumed for the few plants
over 4 m tall. The different population sizes between
the sampled sites can be well explained by specific
site features. At site C, with by far the largest pop-
ulation, nine old planted trees led to a much higher
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propagule pressure than at the other sites, each with
only one old tree. In addition, numerous hedgerows
and semi-shaded, multi-layered forest patches at site
C have proven to be suitable habitats. These were
moderately maintained as part of a public greenway
and semi-public greenspaces, allowing for spontane-
ous vegetation development. At site A, similar struc-
tures were limited to a narrow hedge with dense un-
derstory along a road, where a few tall individuals
of A. monspessulanum were able to establish. Site B is
spatially confined to a small backyard of a large resi-
dential building, with impervious surfaces and orna-
mental plantings. In this case, a lack of space com-
bined with greenspace maintenance did not exclude
the emergence of spontaneous populations, but ob-
viously limited their size. At site D in the Botanical
Garden, natural regeneration of A. monspessulanum
is quite common according to information from the
gardeners, whereby the larger individuals are deliber-
ately weeded. Therefore, despite a large colonizable
area, only a few small individuals were found many
of which showed traces of mowing in the grassland.
These results indicate that A. monspessulanum can es-
tablish large populations in urban greenspaces under
favorable conditions, but these populations can be
well contained by horticultural practices.

As with Ailanthus altissima in Poznan (Paz-Dyder-
ska et al., 2020), most A. monspessulanum individuals
in Berlin grew less than 10 m from the propagule
source, with 88% growing directly under the canopy
of parent trees. Although three individuals growing
106 m from the propagation source indicate the abil-
ity of long-distance dispersal, this process seems to
be a rare event in A. monspessulanum. Dispersal lim-
itation is well demonstrated in site A, which had a
large old-growth tree directly adjacent to a busy road.
The road follows the main wind direction, which is
favorable for seed dispersal. In addition, samara-type
propagules can be moved hundreds of meters in road
corridors by secondary wind dispersal (Kowarik &
von der Lippe, 2011). Nevertheless, the distance of
the natural regeneration from the parent tree was
limited at this site to up to 21 m for six individuals
and 45 m for one individual, although the coloniza-
ble hedgerow along the road extended much further.

Conclusions

What conclusions can be drawn from the observed
invasion patterns of A. monspessulanum for its use as
an urban tree? Generally, trade-offs between ecosys-
tem services and disservices should be considered for
non-native tree species (Dickie et al., 2014). In the
case of A. monspessulanum, no conservation conflicts
are expected with the predominant colonization of
semi-shaded woody stands on anthropogenic urban

sites, as these habitats usually have no particular
conservation value and strong competitive effects on
rare species by the slow- and small-growing A. mon-
spessulanum are not foreseeable. Weeding of young
plants in horticultural plantings may become nec-
essary, but does not represent a novel challenge, as
other maple species (A. platanoides, A. pseudoplatanus,
A. negundo) already spread strongly on urban sites
(Kowarik et al., 2013). Moreover, A. monspessulanum
grows significantly slower than its congeners.

From today’s perspective, however, plantings
should be avoided in near-natural settings and par-
ticularly adjacent to rocky sites with dry grasslands,
which rarely occur in some cities. Such habitats of
conservation concern may be colonized by A. monsp-
essulanum as in its native range. However, for the vast
majority of cases, this study indicates no limitations
to urban plantings of this species, well adapted to
climate change.

Given the challenges of climate change, exacer-
bated by urban heat island, non-native trees will in-
creasingly be needed in cities that are better adapt-
ed to new environmental conditions (Sjoman et al.,
2016). In this respect, urban plantings of A. monspes-
sulanum can be part of the solution — and are success-
ful in German cities (Schonfeld & Boll, 2021).

Regarding further opportunities that might be
associated with natural regeneration of A. monspes-
sulanum, its incorporation into anthropogenic urban
woody stands could increase their resilience in times
of climate change. Therefore, it would be promising
to incorporate natural regeneration of A. monspessula-
num into maintenance and development approaches
for urban sites if the invasion of habitats of conserva-
tion concern can be excluded.

Due to low migration rates most tree species
from warmer regions lag behind climate change.
From a conservation perspective, their planting in
areas further north is thus discussed as an assisted
migration, and cities with their heat islands can be
precursors of later dispersal into rural areas (Han et
al., 2021). Given that the distance of Berlin to natural
outposts of A. monspessulanum in south Germany is
about 400-500 km, urban plantings of this species
and its generative offspring can be considered a case
of unintentional assisted migration. This process can
be supported as an adaptation strategy to climate
change if, at the same time, risks to vulnerable eco-
systems can be limited.
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