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Abstract

1. International policies increasingly call on decision-makers to enhance urban bio-
diversity. While cities can support considerable biological richness—including rare
and endangered species—the persistence of plant populations in urban habitats is
often at risk. Identifying and prioritizing threats to endangered plants is essential
for guiding effective conservation strategies.

2. We analysed a unique dataset derived from expert assessments of threats to
1231 populations of 201 endangered species within Berlin's Flora Protection
Programme. Threats were categorized and their relative importance quantified at
both population and species levels, and across habitat types.

3. Biotic threats were most prevalent—affecting 63% of populations and 78% of
species, followed by threats related to agriculture, nutrient inputs, urban devel-
opment and recreation. Among biotic threats, succession and expansive plant
species were similarly important, each affecting 23%-25% of populations, fol-
lowed by tree and shrub plantings (11.5%). Native species (primarily Calamagrostis
epigejos and Phragmites australis) threatened 16% of populations while non-native
species (mainly Solidago taxa and Prunus serotina) affected 15.2%. The relevance
of non-native threats varied across habitat types, with woodlands hosting the
largest number of affected populations.

4. Despite Berlin's status as an invasion hotspot, non-native species represented
a comparatively minor threat relative to other biotic drivers, agriculture and
nutrient inputs—consistently across major habitat types. Notably, no EU-listed
Invasive Alien Species were identified as threats to the target taxa—including the
widespread Ailanthus altissima.

5. Synthesis and applications. This first city-wide assessment of threats to multi-
ple populations of endangered plant species provides a foundation for targeted
threat management in urban contexts. Maintaining habitat quality and optimizing
land use will be most effective in protecting endangered species from competi-
tive pressures. While existing non-native threats should be addressed, their lim-
ited role suggests that urban conservation efforts should prioritize more pressing

drivers of decline. In Berlin, many endangered native species likely co-exist with
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1 | INTRODUCTION

As urbanization continues to accelerate (Simkin et al., 2022),
international frameworks such as the Kunming-Montreal Target No.
12 increasingly urge decision-makers—from city to national levels—
to reduce pressures on urban green and blue spaces and to enhance
urban biodiversity (CBD, 2022; Kowarik et al., 2025). Urban areas
can harbour more plant species than less developed areas (Kiihn
et al., 2004) and may serve as hotspots for endangered species (Ilves
et al., 2016; Lepczyk et al., 2023), with some cities even hosting the
last remaining populations (Soanes & Lentini, 2019). Within cities,
a variety of natural and semi-natural habitats can support distinct
assemblages of endangered plant species (Knapp et al., 2022;
Planchuelo et al., 2019).

However, the contribution of cities to species conservation re-
mains contested (Shwartz et al.,, 2014). Many species have gone
locally extinct in urban areas (Hahs et al., 2009; Duncan et al.,
2011), and those that persist often occur at lower abundances com-
pared to historical or non-urban baselines (Aronson et al., 2014;
Chocholouskova & Pysek, 2003). Urban environments pose per-
sistent barriers to recruitment and establishment (Kowarik & von
der Lippe, 2018; Piana et al., 2019), as evidenced by a one third
loss of endangered species populations over just 7.6years in Berlin
(Planchuelo et al., 2020a). Endangered species in cities are thus bur-
dened by significant extinction debts (Hahs et al., 2009).

Identifying threat factors is therefore key to efficient urban con-
servation (Burgman et al., 2007; Chamberlain et al., 2016). Previous
studies have largely inferred threats indirectly—for example, by
correlating species occurrence with environmental variables (e.g.
Beninde et al., 2015)—but rarely quantify causal impacts on endan-
gered populations. Trait-based analyses may provide additional in-
sights; for instance, the prevalence of wetland species among local
extinctions suggests vulnerability to hydrological changes (Williams
et al., 2015). Yet a comprehensive understanding of the diverse
threats to urban biodiversity remains limited (Kowarik et al., 2025).

A global review identified land-use change and plant invasions
as the most frequently reported threats to urban biodiversity (de
Barros Ruas et al., 2022). However, it did not quantify causal rela-
tionships or assess the robustness of underlying evidence. While
non-native plants can negatively impact urban biodiversity (Gaertner
et al., 2017; Potgieter et al., 2017), such effects vary across biogeo-
graphic contexts, and empirical evidence for strong invasion impacts

non-native species at broader spatial scales. Future studies should move beyond
isolated assessment of invasion risks, compare the relative importance of differ-
ent threats and apply this framework across cities in diverse biogeographical and

socio-economic settings.

biological invasions, causes of decline, conservation management, endangered plants,
expansive native species, invasive alien plant species, urban biodiversity conservation

in temperate cities is scarce (Gaertner & Kowarik, 2023). Critically,
the relative importance of invasion-related threats compared to
other threat factors in urban settings remains largely unknown.

To address this gap, we analysed expert-based assessments of
threats to 1231 georeferenced populations of 201 endangered plant
species in Berlin. Expert elicitation is well established in conserva-
tion research (Drescher et al., 2013; Martin et al., 2012), and forms
the basis for climate risk assessments (Rastandeh et al., 2018), in-
vasion analyses (Dehnen-Schmutz et al., 2022) and Red List evalua-
tions. However, city-scale threat aggregation may mask site-specific
variation and does not permit ranking of threat relevance. Our
study aims to determine the relative importance of threats to en-
dangered plant species in Berlin at the local scale, based on expert
assessments from the city's Flora Protection Programme (MeiRner &
Seitz, 2010). Experts recorded all threats for each population using a
standardized threat catalogue during field visits.

To inform the ongoing debate on invasion impacts in urban areas
(de Barros Ruas et al., 2022; Gaertner et al., 2017; Sax et al., 2022),
we specifically analysed the relative importance of expansive native
versus non-native plant species as biotic threats. Given the context-
dependency of invasion impacts (Catford et al., 2022), we also ex-
amined variation in these threats across major habitat types. The

following research questions guided our analyses:

1. What is the relative importance of major threat factors to
populations of conservation target plant species in Berlin?

2. How do non-native plant species compare with native species and
other biotic threats in terms of their relative importance?

3. Does the relevance of non-native species as threat factors differ
among major habitat types?

2 | METHODS

2.1 | Study area and study system

Berlin, Germany's capital and largest city (3.9 million inhabitants
in 2023), has a temperate climate and is notably green: in 2020,
green and blue spaces covered 46.3% of its 892km? area (https://
www.berlin.de/umweltatlas/nutzung/flaechennutzung/2020/karte
nbeschreibung/). Berlin's flora has been studied for over 200years
(Krausch & Sukopp, 2010) with habitat-scale research dating back
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to the 1970s (Kowarik, 2023), underpinning regional Red Lists first
issuedin 1982 and updated in 1991, 2001 and 2018. The most recent
list reports that 17% of Berlin's flora has gone extinct since the mid-
19th century, and 29% is currently endangered (Seitz et al., 2018).

Under the Berlin Flora Protection Programme, over 200 priority
species have been repeatedly monitored by 30 local experts coor-
dinated by the Berlin Nature Conservation Foundation, the Senate
Department for Nature Conservation, and the Botanical Association
of Berlin and Brandenburg (MeiBner & Seitz, 2010). These target spe-
cies are critically endangered at the regional, national or international
level, or Berlin has a particular responsibility for their conservation
(e.g. endemic taxa or species with a global distribution concentrated
in Berlin; MeiBner & Seitz, 2010; see list in Planchuelo et al., 2020a).
Experts georeferenced all known populations of each target spe-
cies and recorded detailed information on the threat factors affect-
ing them, along with their respective habitat types. In some cases,
targeted management interventions were also implemented (Seitz
et al., 2018). This has yielded a unique dataset of local populations.
Previous analyses have explored their distribution across (semi-)
natural and anthropogenic habitats (Planchuelo et al., 2019), their
spatial relationship to natural remnants (Planchuelo et al., 2020b)
and the probability of local extinctions during the monitoring period
(Planchuelo et al., 2020a).

2.2 | Expert assessment of threats

Monitoring experts assessed threats to each population through
comprehensive on-site evaluations, drawing on their in-depth local
knowledge and expertise in the biology of the endangered plant
species. Populations were defined as groups at least 30m apart
or separated by roads or paths. Experts used a pre-structured
catalogue from Brandenburg's biotope mapping (LUB, 2019), which
lists potential 96 threats—54 of which were recorded in Berlin. We
grouped these into eight major categories (Table 1; Table S1 for
target species across habitat types), distinguishing those driven by
expansive species into native and post-1492 non-native (neophyte)
subcategories.

Initially, threats were recorded at the lowest hierarchical level
(Table 1), then aggregated so that each higher level category was
only counted once per population—avoiding overweighting of re-
lated threats (e.g. ‘succession’ and ‘plant competition’ together count
as a single ‘biotic threat’). The ‘expansive species’ category, encom-
passing competitive native and non-native species, was quantified
separately. Moreover, we determined the numbers of non-native
and native species that were listed as threats in the category of ‘Tree
and shrub plantings’.

2.3 | Statistical analyses

We compared the relative importance of principal threat categories
using ;{2 tests, both for the number of species and populations
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affected. To assess whether populations in different habitat types
are disproportionately affected by expansive non-native species, we
further subdivided the ‘plant competition’ category by habitat. We
then used another ;{2 test to evaluate whether the contribution of
non-native species differed significantly across habitat types—both
in relation to other threats and in comparison with expansive native
taxa.

3 | RESULTS

Monitoring experts reported 1748 locally relevant threats
affecting 1231 populations of 201 target species under Berlin's
Flora Protection Programme. The discrepancy between numbers
of threats and populations reflects that many populations faced

multiple pressures.

3.1 | Major threat factors
Our analysis identified one predominant threat factor (Figure 1,
Table 1): Biotic threats accounted for nearly two thirds of all
mentions (63.2%), followed by agriculture (27.6%), nutrient influx/
pollution (18.2%), urban development (9.2%) and recreational
activities (8.2%). Within biotic threats, plant competition was clearly
dominant (49.1%), whereas animal-related threats (14.5%) were led
by disturbance from wild boar. Agricultural threats were dominated
by land abandonment (18.6%), which outweighed intensification
(6.8%) and inappropriate use or timing (8.4%). For nutrient influx/
pollution, waste disposal and water pollution together accounted for
15.9%, with traffic and other urban emissions contributing 6.8%.
Across all threat categories, a greater proportion of species than
populations was affected: on average, 24.8% of species versus 18.5%
of populations. The relative importance of threat factors differed
significantly between the population and species levels ()(2=43.05,
df=7,p=3.26x1077). For example, forestry-related threats affected
only 5% of populations but 12.9% of species.

3.2 | Expansive native and non-native species
Approximately 80% of the biotic threats reported for 778 populations
were associated with plant species (Figure 2). Expansive species
affected 24.9% of all populations, followed by natural succession
(23.2%) and deliberate shrub or tree plantings (11.5%).

The three most frequently mentioned native and non-native spe-
cies together threaten a quarter of all populations of the target spe-
cies (see Table S2 for threatened species and population numbers).

Among expansive species, native taxa were reported to pose the
greatest threat, affecting 11.5% of populations and 48.3% of tar-
get species. The most frequently cited were Calamagrostis epigejos,
Phragmites australis and Populus tremula. Other notable natives in-
cluded various Rubus and Acer species, Tanacetum vulgare, Pinus
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TABLE 1 Locally relevant threats to 1231 populations of 201 target species (Berlin Flora Protection Programme), assigned by experts
based on a biotope mapping scheme (LUB, 2019).

Populations Species
Threats Including affected % affected %
1. Urban development Construction works, road and path 113 9.2 54 26.9
construction, filling of stones, etc.
2. Forestry Clearing, clear-cutting, damage caused 61 5.0 26 12.9
by felling operations, afforestation,
conversion of forest soil
Agriculture 340 27.6 101 50.2
3.1 Intensification of use Grassland conversion, erosion by wind 84 6.8 88 16.4
and water
3.2 Abandonment of uses 229 18.6 68 33.8
3.3 Inappropriate type and period 104 8.4 44 219
of uses
3.4 Other Damage from grazing 5 0.4 5 2.5
4. Use of water bodies 105 8.5 40 19.9
4.1 Drainage and water Damage due to peat mineralisation 99 8.0 39 194
withdrawal
4.2 Other Water body development, overbanking, 9 0.7 6 3.0
mowing of ditches
Material movement Material removal, excavation, backfill 72 5.8 36 17.9
Recreational activities 101 8.2 38 18.9
6.1 Formal recreation and leisure Fishing, fireplaces, campsites, jetties 32 2.6 8 4.0
use
6.2 Informal recreation and leisure Damage caused by stepping on, trampling, 69 5.6 26 12.9
use driving on, bathing, letting in boats
6.3 Unspecified recreation 28 2.3 21 104
activities
7. Biotic threats 778 63.2 157 78.1
71 Threats from animals Damage due to insects, trampling, rooting, 179 14.5 59 29.4
browsing
7.2 Competition from plants 605 49.1 133 66.2
721 Succession Vegetation inhibiting regeneration 286 23.2 81 40.3
7.2.2 Expansive species 307 24.9 97 48.3
7.2.2.1 Native 141 11.5 71 35.3
7.2.2.2 Non-native 58 4.7 32 15.9
7.2.2.3 Native and non-native 41 3.3 24 11.9
7.2.2.4 Unspecified 67 5.4 24 11.9
7.2.3 Tree and shrub plantings Deliberately planted taxa and their 142 11.5 58 28.9
offspring
7.2.31 Non-native 88 7.1 45 22.4
7.3 Other biotic threats 60 4.9 38 18.9
8. Nutrient influxes and 224 18.2 85 42.3
pollution
8.1 Nutrient influx from Pesticides 19 1.5 11 5.5
agriculture
8.2 Emissions from traffic and Eutrophication 84 6.8 64 31.8
urban use
8.3 Garbage and other material Garden waste, water pollution 196 15.9 36 17.9
inputs
Total 1231 201

Note: The bold highlight indicates the highest threat categories.
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Nutrient influx /pollution i 42,3
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FIGURE 1 Expert-based assignment of principal threat factors
to 1231 populations and the proportion of affected target species
(n=201) in Berlin's Flora Protection Programme. Multiple threats
could be assigned per population. The relative importance of threat
factors differs significantly between affected populations and
species (y°=43.05, df=7, p=3.26e-07).
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sylvestris, Urtica dioica, Carex species, Quercus robur, Hedera helix,
several Salix species, Vincetoxicum hirundinaria and 17 additional
taxa.

Non-native expansive species alone threatened 4.5% of popu-
lations and 15.9% of the target species. The most frequently cited
were Solidago canadensis and S. gigantea, followed by Prunus serotina,
Robinia pseudoacacia, Acer negundo and eight other taxa. Additionally,
41 populations (3.3%)—representing 11.9% of target species—were
simultaneously threatened by both native and non-native expansive
species. Taking into account the 88 populations threatened by non-
native species within the ‘Tree and shrub plantings’ category, a total
of 187 target-species populations (15.2%) are threatened either ex-
clusively or partially by non-native taxa—compared with 197 popu-

lations (16.0%) threatened by native species.

3.2.1 | Threats across habitat types

Across all habitat types, threats from non-native species—ranging
from 0% to 12.9%—were consistently less often reported than all
other threat factors combined (Figure 3). However, the proportion
of populations affected by expansive non-native plants varied sig-
nificantly among habitat types (;(2= 17.299,df=8,p=0.0271). Urban
habitats (i.e. habitats within the built environment and on ruderal
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FIGURE 2 Relative importance of different biotic threats to the populations of endangered species, broken down into subcategories
to highlight the relevance of expansive non-native species. The sums of subcategories exceed the totals of higher-level categories, as each
population was counted only once in each higher level category (see text).
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Running waters ( °
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W Non-native species contribute to threats

M Other threats
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Number of threatened populations

FIGURE 3 Number of target species populations affected by expansive non-native species (alone or in combination with expansive native
species; red bars), and number of populations affected by other threats (grey bars). The relative contribution of non-native plant species is
indicated in brackets next to the red bars and differs significantly among habitat types ()(2: 17.299, df=8, p=0.0271).

sites) exhibited the highest proportion of populations threatened by
non-native plants (12.9%), followed by dry grasslands (10.3%) and
woodlands (8.8%). In contrast, populations in arable fields (0%), still
waters (1.8%) and fens (2.1%) were least affected.

The relative contribution of expansive non-native species to
overall biotic threats, in comparison to native species, did not differ
significantly across major habitat types—this applies both to non-
native species alone and to their joint impact with native species
(Figure 4).

4 | DISCUSSION

Effective urban biodiversity conservation depends on understand-
ing the specific drivers of species decline. While previous reviews
have identified a range of threats (de Barros Ruas et al., 2022;
Kowarik et al., 2025), they mostly reflect research attention or
perceived relevance—rather than providing empirical evidence of
threat impacts at the city scale. To address this gap, we quantified
(1) the relative importance of diverse threat factors affecting ex-
tant populations of endangered plant species in a major European
city; (2) the specific role of non-native plant invasions compared to
other threats; and (3) how threat patterns vary across major habitat
types.

Surprisingly, although non-native species exert pressure on en-
dangered populations, other threats were substantially more im-
portant. This advances the discourse beyond isolated invasion case
studies in cities, which often lack comprehensive, cumulative impact
assessments (Gaertner & Kowarik, 2023). While some comparisons
exist for ecosystem services/disservices (Schlaepfer et al., 2020;
Tartaglia & Aronson, 2024) or expansive native versus invasive
non-native species (Hejda et al., 2021; Kortz et al., 2024; Yazlk &
Ambarli, 2022), the relative importance of native versus non-native

species for endangered plants remains largely unknown—yet is es-

sential for setting evidence-based urban conservation priorities.

4.1 | Relative importance of threat factors

A central finding was the dominance of biotic drivers, affecting
63% of populations and 78% of target species. By contrast, agri-
culture—often the leading threat at larger spatial scales (Hochkirch
et al., 2023)—ranks second in Berlin, where abandonment of
agricultural practices was a key factor (Table 1). This trend par-
ticularly affects low-productivity wet grasslands, which in Berlin
often coincide with remnant farmland. In contrast, other grass-
land types occur more evenly across urban environments (Fischer
etal., 2013).

Typical urban pressures—nutrient inputs, pollution, ground-
water depletion, recreational use and development—are globally
pervasive (de Barros Ruas et al., 2022; Kowarik et al., 2025), but
were reported less frequently than biotic threats here. While
the monitoring experts possess unparalleled knowledge of the
target species' populations and their habitats, they may have
over- or underestimated certain factors or their interactions
(Herndndez-Yanez et al., 2016). For instance, the effects of hab-
itat fragmentation (Newman et al., 2013; Ramalho et al., 2014),
the urban heat island in conjunction with climate change (Solecki
& Marcotullio, 2013), or increasing urbanization (Planchuelo
et al., 2020a) all matter but may be less observable at the local
scale. Likewise, diffuse nutrient inputs are difficult to assess lo-
cally (Carey et al., 2013), yet can drive species loss by favouring
nitrophilous species, even under consistent site maintenance
(Bergamini et al., 2009; Wesche et al., 2012). Experts occasionally
reported nutrient influxes from adjacent urban areas, though less
frequently than direct garbage deposition.
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FIGURE 4 Relative contribution of non-native versus native expansive species as biotic threats to populations of target species across six
habitat types (hn=number of populations threatened by expansive species). Habitat types with fewer than 10 threatened populations are not
shown. Neither the contribution of non-native species alone ()(2= 10.329, df =5, p=0.06644) nor the combined contribution of native and
non-native species (;(2= 10.423, df=5, p=0. 06409) differs significantly across habitat types.

4.2 | Biotic threats

Among biotic threats, plant competition emerged as the primary
driver, with expansive species and successional processes exerting
nearly equal influence. However, individual threat factors often in-
teract (Hernandez-Yanez et al., 2016); for example, land-use change
and increased nutrient inputs in non-urban habitats can trigger both
expansion of dominant species and succession, displacing habitat
specialists with more competitive taxa (Harasek et al., 2023; Hilpold
et al.,, 2018). In Australian urban reserves, fire suppression repre-
sents an additional driver of ecological change (Zeeman et al., 2017).
Similarly, the spread of expansive species and progressing succes-
sion in Berlin likely reflect broader environmental shifts. In other
words, expansive species—whether native or non-native—are often
not the drivers of change, but rather passengers in the process
(Bauer, 2012).

4.2.1 | Native and non-native species

Among expansive species, native taxa were mentioned more often
than non-natives, affecting 11.5% of populations compared to 4.5%,
with an additional 3.3% threatened by both. The experts cited ‘tree
and shrub plantings’ as another threat factor, including both non-
native (e.g. R. pseudoacacia, P. serotina and A. negundo) and native
species (e.g. Acer taxa, Fagus sylvatica). The threats posed by these
species cannot always be attributed to invasion processes, as
no systematic distinction was made between plantings and their
offspring. When all mentions of non-native taxa are taken into

account, the proportion of populations threatened by these species
rises to 15.2%, which is slightly lower than the 16.0% of populations
threatened by native taxa. Consequently, non-native species play a
similar role to native species—and a clearly minor role compared with
other threat factors.

This relatively minor role contrasts with the commonly assumed
high importance of plant invasions as a driver of species decline
in cities (de Barros Ruas et al., 2022). This is particularly striking
in Berlin—a known invasion hotspot where established neophytes
make up 20.1% of the flora (Seitz et al., 2018) and up to 32% in cer-
tain vegetation types (Kowarik, 2008). While targeted control of
non-native species is useful (Potgieter et al., 2022), our findings sug-
gest that non-native plants do not necessarily translate into the most
pressing conservation conflicts in cities.

The most common expansive native and non-native spe-
cies share key characteristics: they spread clonally and are fa-
voured by land abandonment and nutrient enrichment. The
native Calamagrostis epigejos rapidly out-competes other spe-
cies by forming dense clonal populations; nitrogen deposition
and reduced mowing promote its spread in grasslands and pine
plantations, as well as natural succession on vacant land (Hejda
et al., 2021; Rebele & Lehmann, 2001, 2016). Consistently, many
affected target species are typically associated with low-nutrient
habitats (Table S2), such as the fern Botrychium lunaria and the
sedges Carex hartmaniorum and C. supina, all of which are threat-
ened with extinction in Berlin (Seitz et al., 2018). The native
Phragmites australis threatens wetland specialists in fens and wet
grasslands, particularly under conditions of increased eutrophi-
cation and lacking mowing (Glsewell, 2003; Packer et al., 2017),
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including Rhynchospora alba, Carex viridula and several Sphagnum
species (Table S2). Ironically, the main Berlin habitat of P. australis
(reed beds) has long been in decline (Sukopp & Markstein, 1989).
The native tree Populus tremula mostly invades dry grasslands by
clonal growth and threatens open habitat specialists (e.g. Koeleria
glauca, Pulsatilla pratensis subsp. nigricans; Table S2).

Clonal stands of non-native Solidago species suppress other
plants (Weber, 2000; Weber & Jakobs, 2005), particularly under
nutrient-enriched conditions (Ren et al., 2022) and following
land-use abandonment (Swierszcz et al., 2024). In this study,
Solidago taxa threaten species of both dry grassland (e.g. Carex
hartmaniorum, Silene tatarica) and wet grassland (e.g. Carex virid-
ula, Gentiana pneumonanthe; Table S2). The non-native tree Prunus
serotina, widely planted in Berlin's forests, can dominate near
former planting sites and spread into drained moorlands, forest
clearings, hedgerows and heaths (Deckers et al., 2005; Starfinger
etal,, 2003). In Berlin, it consequently shades out endangered spe-
cies of open forests (e.g. Botrychium matricariifolium), wet habitats
(e.g. Osmunda regalis) and dry grassland (e.g. Scorzonera purpurea).
Finally, the tree Robinia pseudoacacia also benefits from reduced
land use (Cierjacks et al., 2013), replacing similar dry grassland
species mentioned above (Table S2).

Strikingly, none of the EU-listed Invasive Alien Species of Union
Concern—despite being common in Berlin (e.g. Ailanthus altis-
sima, Impatiens glandulifera and Heracleum mantegazzianum; Seitz
et al.,, 2012)—were reported as threats by local experts. This sug-
gests that the mere presence of invasive species does not automat-
ically endanger conservation targets, likely because they occupy
different habitats. Nonetheless, invasive species may occur in urban
nature reserves and should be monitored for potential competition
with conservation target species—and managed if necessary (Jarosik
et al., 2011; Nelufule et al., 2024).

While our findings highlight the relatively minor role of non-
native species as a threat to endangered plant populations in Berlin,
they should not be overgeneralized. Several caveats must be con-
sidered when interpreting the comparison between native and non-
native species.

First, comparing the frequency with which native versus non-
native species are reported as threats does not capture potential
differences in the intensity or long-term persistence of their impacts.
For example, the native pioneer tree Betula pendula and the intro-
duced Robinia pseudoacacia both shade target species of open habi-
tats. However, the impacts of R. pseudoacacia are more intense and
persistent due to its nitrogen fixation and vigorous clonal growth
(Cierjacks et al., 2013). Whether such functional differences sys-
tematically distinguish native from non-native expansive species
remains an open question.

Second, our study does not allow conclusions about the extent
to which native and non-native expansive species act as drivers or
merely as passengers of environmental change (Bauer, 2012). The
examples discussed above suggest that land-use change and nutrient
enrichment may be the underlying mechanisms facilitating the suc-
cess of both native and non-native expansive species. Consistently,

many target species—typically associated with low-nutrient habi-
tats—are affected by both native and non-native expansive species
(Table S2), which, in turn, benefit from nutrient inputs and land-use
change (as discussed above). Examples include the fern Botrychium
lunaria, the grass Koeleria glauca and the sedge species Carex hart-
maniorum and C. supina. However, two key questions remain open
for future investigations: whether native and non-native expansive
species depend to different extents on habitat changes as a prereqg-
uisite for their spread, and whether there are functional differences
between the target species affected.

A third caveat is that invasion impacts depend on the biogeo-
graphical context. In cities with different climates or those adja-
cent to highly invasible biomes—such as the South African fynbos
(Potgieter et al., 2020)—plant invasions may pose much greater risks
than in Central European cities (Gaertner & Kowarik, 2023). Finally,
future threats cannot be ruled out, and even seemingly, minor pres-
sures may jeopardize the last remaining populations of endangered
species. However, this caveat applies to all types of threat factors.

4.2.2 | Non-native species across habitat types
Expansive non-native species were consistently less important
than other individual threat factors at the habitat level. However,
their relative importance varied substantially among habitat types
(Figure 3). High proportions of non-native threats in urban habitats
and woodlands, and low proportions in aquatic and fen ecosystems,
align with broader Central European patterns of habitat invasibility
(Chytry et al., 2005, 2008). Although European grasslands generally
show a low invasion level (Axmanova et al., 2021), dry grasslands
in Berlin had the second-highest share of non-native threats.
This is likely due to their proximity to urban propagule sources,
as they are often embedded in densely urbanized areas (von der
Lippe et al., 2020). In contrast, wet grasslands typically occur in
agricultural landscapes and are therefore less exposed to urban
invasion pressure (Fischer et al., 2013).

When considering all biotic threats, native expansive spe-
cies were overall cited more frequently than non-native species.
However, their relative proportions did not differ significantly
(Figure 4). It should be noted that the relatively broad classification
into six habitat types may obscure finer scale variation in the im-
pacts of non-native species—differences that might become appar-
ent with more detailed habitat differentiation.

4.3 | Succession

Succession posed a threat comparable in magnitude to that of ex-
pansive species. On agricultural land, it is primarily driven by aban-
donment; in woodlands and wastelands, by the promotion of natural
forest dynamics. As open and grassland stages undergo shrub en-
croachment and forest development, vacant land experiences

rapid species turnover (Rebele & Lehmann, 2016; Westermann
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et al., 2011). However, trends in species richness during succession
are scale-dependent (Staude et al., 2023): while overall species rich-
ness may increase at larger scales (Salisbury et al., 2021), it often de-
clines in small plots when clonally growing herbs, grasses and woody
species out-compete less competitive target species—mostly herbs
and geophytes (Planchuelo et al., 2020a).

Succession also plays an important role in Berlin's forests,
which support the largest number of target species populations
(Planchuelo et al., 2019). Light pine forests, pine-oak woodlands,
sparse forest edges and clearings—once common due to historical
forest management—are becoming denser or overgrown, disad-
vantaging species adapted to semi-open habitats (Seidling, 1990).
Moreover, deliberate tree plantings and their offspring (both native
and non-native) threaten 11.5% of the populations. Current efforts
to implement more natural forest management—such as promot-
ing multi-layered hardwood stands with dense canopy cover—may
conflict with the conservation needs of highly endangered species,
including Botrychium multifidum, B. matricariifolium and Chimaphila
umbellata.

To reconcile the objectives of developing near-natural forests
and conserving species adapted to semi-open habitats, it is essential
to preserve open areas within forest stands—for example, by grazing,
mowing or sapling removal. For instance, the removal of Acer plata-
noides and Prunus serotina from the shrub layer has supported pop-
ulations of the highly endangered Scorzonera humilis and Potentilla

alba in a historically grazed woodland (Meiner & Rohner, 2020).

4.4 | Limitations

This study focuses on current threats to extant populations of
endangered plant species and cannot address the drivers of past
extinctions in populations that no longer exist. As with other expert-
based assessments conducted at supra-regional (Chamberlain
et al., 2016), national (Hernandez-Yafez et al., 2016), or continental
scales (Burgman et al., 2007; Hochkirch et al., 2023), our approach
carries inherent uncertainties: experts may over- or underestimate
the effects of individual or interacting threats, particularly those
related to complex urban environments (see Section 4.1). However,
given the large sample size of site-level assessments, we argue that
the overall identification and ranking of threat factors is sufficiently
robust to support conservation planning and prioritization (cf.
Schwartz et al., 2018).

5 | CONCLUSIONS

Urban environments can support diverse habitats for endangered
plant species, yet local populations remain subject to substantial ex-
tinction debts driven by multiple, site-specific threats—even within
designated protected areas. Drawing on expert assessments of 1231

populations representing 201 target species in Berlin, we identified
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the relative importance of these threats to inform conservation pri-
orities and guide targeted management.

Our results show that biotic pressures—particularly competition
from expansive and successional species—constitute the most per-
vasive threats. This underscores the limitations of passive habitat
protection, which fails to address dynamic processes such as vegeta-
tion encroachment and nutrient enrichment. As these drivers often
stem from land-use change, interventions that target their under-
lying causes—for example, through reinstating traditional grazing
or mowing regimes and reducing nutrient inputs—are likely to be
more effective than narrowly focused, species-specific measures.
Ensuring habitat quality at the local scale thus emerges as a central
challenge for urban plant conservation. Given the variation in threat
profiles among habitat types, coordinated action across sectors—in-
cluding conservation, forestry, agriculture and urban land manage-
ment—is essential.

Although non-native species are widely perceived as key threats
to urban biodiversity, our data suggest they impact only 15.2% of
endangered plant populations—a similar share compared to threats
by native species (16.0%). This implies that public and expert con-
cern may overemphasize their role while underestimating more sig-
nificant drivers of decline. Robust, context-specific risk assessments
are therefore critical to realign conservation priorities with actual
threat levels.

We conclude that evidence-based, comparative threat assess-
ments—across cities with contrasting biogeographic and socio-
economic settings—are key to identifying the most urgent and
manageable conservation challenges in urban landscapes. Such ap-
proaches are essential to optimize the allocation of resources and
improve outcomes for endangered plant species in cities.
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SUPPORTING INFORMATION

Additional supporting information can be found online in the
Supporting Information section at the end of this article.

Table S1. Target species of the Berlin Flora Protection Program and
their population numbers across major habitat types.

Table S2. The three most frequently mentioned expansive native
and non-native species as threats to the populations of the target
species in the Berlin Flora Protection Program. The number behind
the species name refers to the number of affected populations of

the target species.
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