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Abstract

Urban ecosystems are undergoing changes due to biological invasions and climate change. In this study, we compare shifts in
the species composition of ruderal plant communities in Bratislava, with a particular focus on honey-bearing plant species in
four phytosociological classes of ruderal herbaceous vegetation. Our comparisons indicate that while plant species richness
has remained stable, the presence of invasive species has increased, especially in the Artemisietea vulgaris, Galio-Urticetea,
and Stellarietea mediae classes. Native species such as Carduus crispus, Centaurea scabiosa, and Epilobium dodonaei have
declined, while invasive species such as Solidago canadensis, Solidago gigantea, Reynoutria X bohemica, and Symphyotri-
chum lanceolatum have expanded their range and increased in cover. Regardless of these changes, the mean melliferous
potential of weedy plant communities has remained almost unchanged. Even the spread of melliferous invasive species has
contributed to a slight increase in nectar-producing and pollen-producing potential, especially in the Galio-Urticetea class.
The potential has also increased in the Stellarietea mediae class due to the more frequent occurrence of native melliferous
species. An important finding is that the abundance of honey-bearing species flowering in late summer and autumn, when
few species of trees and agricultural plants flower in and around the city, has remained unchanged despite climate change.
Our findings highlight the importance of continuous monitoring and adaptive urban planning to sustain pollinator resources
amidst changing species compositions, particularly as invasive species continue to shape urban plant communities.
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Introduction

Urban landscapes are dynamic ecosystems where nature
and human activity continuously reshape plant communi-
ties (de Barros et al. 2022). Within these landscapes, ruderal
urban vegetation plays a crucial role in supporting biodi-
versity and providing essential ecosystem services (Guo
et al. 2018; Mogildea and Bitd-Nicolae 2024). Among these
services, pollination—an important regulating ecosystem
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service (Haines-Young and Potschin 2018)—is vital not only
for humans but also for the survival of many other organ-
isms, particularly insect-pollinated plants. These plants
offer essential nectar and pollen resources that sustain and
enhance pollinator communities (Nicholls and Altieri 2013).

Despite the prevalence of human infrastructure, urban
areas can still serve as important habitats for pollinators.
Studies suggest that urban green spaces, such as commu-
nity gardens with ornamental and functional plants, and
urban parks dominated by native or non-native shrubs and
trees, are important foraging habitats for pollinators, sup-
porting greater pollinator abundance and diversity (Daniels
et al. 2020; Majewska and Altizer 2020; Marquardt et al.
2021; Poole et al. 2025) compared to urban ruderal vegeta-
tion. Although urban ruderal vegetation is often perceived
negatively (e.g., Brun et al. 2018; Mathey et al. 2018), it
can provide a diverse and balanced food source for insect
species compared to plantings designed specifically for
certain pollinator groups (Lerch et al. 2024; Ulrich and
Sargent 2025). Plants in ruderal vegetation thrive in urban
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environments—such as vacant lots, roadsides, and aban-
doned lands—where they establish rapidly (Robinson and
Lundholm 2012; Tabasevi¢ et al. 2021) and offer abundant
floral resources (Lowenstein and Minor 2016). Research on
native ruderal vegetation has primarily focused on its eco-
logical benefits, including biodiversity support, mitigation
of urban heat islands, improvement of air quality, and water
retention (Mogfildea and Bitd-Nicolae 2024). The conserva-
tion of biodiversity in urban ecosystems requires not only
the protection of pollinators, but also the promotion of eco-
logical stability under conditions of environmental change
(Artamendi et al. 2024; Magrach and Montoya 2024). A
key strategy to achieve this goal is long-term monitoring of
species composition, with particular emphasis on the mel-
liferous potential of urban vegetation.

Previous research has focused on the dynamics of rud-
eral plant communities in urban environments, showing their
crucial role in biodiversity conservation and the provision
of essential ecosystem services (Chen et al. 2014; Guo et al.
2018; Torija et al. 2025). In these plant communities, the
species richness and their cover are influenced by various
factors, such as urbanization (Beninde et al. 2015; de Bar-
ros et al. 2022; Hou et al. 2023), the surrounding landscape
(Brown and Anand 2024), climate change (Li et al. 2020;
Ortega-Rosas et al. 2020; Franceschi et al. 2023), and the
spread of alien invasive plants (Rendekova et al., 2017,
2018). However, there is still limited understanding of how
these factors jointly influence the melliferous potential of
ruderal vegetation. Since any changes in plant communi-
ties can disrupt the balance between plants and pollinators,
research on urban vegetation should investigate these inter-
actions. Understanding these changes may be key to promot-
ing biodiversity and ensuring the long-term sustainability
of green spaces in an increasingly urbanized world (Daniels
et al. 2020; Silva et al. 2021).

To assess the ability of plants to provide forage for polli-
nators, we use the concept of melliferous potential. However,
this term can be defined in different ways depending on the
context. One widely used definition quantifies melliferous
potential as the amount of nectar secreted by a flower, meas-
ured either under field conditions or under optimal labora-
tory conditions (Crane 1975; Ion et al. 2018; Sarvia et al.
2023). This quantitative approach is particularly suited for
agricultural or monotypic landscapes where honey produc-
tion is directly measured. In contrast, another interpretation
of melliferous potential focuses on the capacity of a plant to
produce nectar and pollen under optimal conditions, which
can be utilized by a wide range of pollinators. This method
uses a non-parametric scale to assess melliferous poten-
tial, rather than a quantitative yield (Jurko 1990; Jari€ et al.
2013; Macukanovié-Joci¢ and Jari¢ 2016). This approach
is mainly applied when evaluating the melliferous potential
of grassland and forest communities (Jurko and Fajmonova

@ Springer

1988; Zlinska and Kubalova 2001; Jari¢ et al. 2013; Elias
and Marinicové 2017). It may be useful for assessing plant
communities that are diverse and dynamic, where species
composition and abundance can change significantly over
time. Given the diversity and variability of urban ruderal
vegetation, we prefer this qualitative approach for our study.
By employing this method, we aim to capture changes in
the species composition of melliferous plants, rather than
directly quantifying nectar production, which may vary
significantly across years and environmental conditions.
Finally, the use of an established scale allows for compar-
ing historical and contemporary vegetation records, making
it more suitable for assessing melliferous potential in urban
environments (Hrabovsky et al. 2025).

This study analyzes the changes in the representation of
honey-bearing plants in the ruderal vegetation of Bratislava
by comparing the species composition in two different time
periods, with an average difference of 35 years between
them. In addition, it assesses changes in the melliferous
potential of this vegetation and identifies the plant species
responsible for these changes. By focusing on long-term
vegetation changes, this study contributes to the broader
understanding of how urbanization and environmental
changes influence floral resources for pollinators. Finally,
long-term monitoring of vegetation that supports pollina-
tors is essential for biodiversity conservation. To achieve
these objectives, this study aims to answer the following
questions: (i) What changes have occurred in the species
composition of ruderal vegetation? (ii) Has the melliferous
potential increased or decreased during the study period?
(iii) Do invasive species play any role in providing food
resources for pollinators?

Material and methods
Study area

The capital of Slovakia, Bratislava (48.14944° N, 17.07333°
E), was chosen for this study due to its diverse vegetation
in both urban and suburban zones (Fig. 1). Like many other
cities, Bratislava is a typical urban area featuring various
types of greenery, such as forests, parks, gardens, cemeter-
ies, lawns, and ruderal vegetation (Bel¢akova et al. 2022). In
addition to the wild-growing vegetation, a variety of annu-
als, perennials, and nectar-producing trees are cultivated
here, but these are not the subject of this work; we focused
only on ruderal plant communities.

The city is located in western Slovakia, where it sits in a
transition temperate zone between continental and oceanic
climates (Metzger et al. 2005). In recent decades, the aver-
age annual temperature has increased, indicating the broader
impact of climate change in the area. When comparing the
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different periods (1975-1982 and 2011-2014), the increase
was from 9.8 to 11.6 °C. Annual precipitation varies between
500 and 700 mm, signifying moderate rainfall; however,
droughts and heatwaves have become more common. Again,
over the same time periods, the precipitation totals increased
from 548 to 561 mm (Slovak Hydrometeorology Institute).
The combination of urbanization and climatic shifts makes
Bratislava an ideal location for analyzing vegetation changes,
e.g., the spread of melliferous plant species.

Vegetation data
Vegetation changes were assessed using data (phytosocio-

logical relevés) recorded from plots with a size of 1-25 m?,
in accordance with the Zurich-Montpellier school approach

(Braun-Blanquet 1964). The Braun-Blanquet scale modified
by Barkman et al. (1964) was used for assessing the values
of abundance and dominance of species. We gathered the
phytosociological relevés across two different time periods
(1975-1982 and 2011-2014), aiming to collect data from
approximately the same areas. Maintaining fixed plots over
long periods in a dynamic urban setting is challenging due
to significant changes in the urban landscape, such as new
infrastructure, building projects, and urban expansion. As a
result, while we aimed to collect data from the same gen-
eral locations, there may have been slight shifts of a few
meters between the original and newer plots. To ensure data
comparability, we focused on capturing the same types of
ruderal vegetation rather than insisting on identical plot
replication. The relevés were conducted in locations that
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broadly matched the original settings, such as roadsides,
abandoned lots, and construction sites. Maps with the exact
locations and distribution of relevés, including both periods,
were published in Rendekova et al. (2017).

The data were recorded in TURBOWIN (Hennekens and
Schaminée 2001) and analyzed using JUICE (Tichy 2002),
where values of abundance and dominance were converted
into percentage cover. The categorization of the relevés was
done through clustering methods. Four phytosociological
classes were identified: Artemisietea vulgaris Lohmeyer
et al. in R. Tx. ex von Rochow 1951 (AV), Galio-Urtice-
tea Passarge ex Kopecky 1969 (GU), Polygono arenastri-
Poetea annuae Rivas-Martinez 1975 corr. Rivas-Martinez
et al. 1991 (PP), and Stellarietea mediae R. Tx., Lohmeyer
et Preising in R. Tx. ex von Rochow 1951 (SM).

The AV class includes xerothermic plant communities
dominated by biennial and perennial plants, which grow in
dry, sunny anthropogenic or semi-natural habitats. The GU
class consists of ruderal and semi-natural perennial hemic-
ryptophyte communities that prefer humid nitrogen-rich
substrates. The PP class consists of annual plants that thrive
in frequently compacted ruderal areas. Lastly, the SM class
encompasses annual therophytes that establish themselves in
newly disturbed or recently developed areas, including con-
struction sites (Jarolimek et al. 1997; Chytry 2009). Invasive
plant species were classified according to the Inventory of
the Alien Flora of Slovakia (Medvecka et al. 2012).

Melliferous potential

The melliferous potential of vegetation is influenced by sev-
eral factors, including the nectar and pollen production of
individual plants, their flowering patterns, their proportion
and cover within the plant community, and various biotic
and abiotic environmental conditions. When a plant grows
under optimal conditions and produces its usual number of
nectar- and pollen-rich flowers, the honey potential of the
plant community primarily depends on species composition
and their percentage cover (Jurko 1990; Jari¢ et al. 2013).
Nectar and pollen production of individual species may be
assessed using quantitative (Ion et al. 2018; Sarvia et al.
2023) or qualitative scales that are derived from quantita-
tive data (e.g., Ricciardelli D’Albore 1997; Jari¢ et al. 2013).
To evaluate melliferous potential, we applied a qualitative
five-level scale established for Slovak flora by Jurko (1990):
O0—non-melliferous species without nectar or pollen produc-
tion, 1—poor melliferous species with minimal nectar or
pollen production, 2—good, 3—very good, and 4—excel-
lent. The melliferous potential values assigned to ruderal
plant species by Jurko (1990) are based on earlier works,
including Jurik (1979), Saury (1981), and Hoepfner (1986),
and are comparable to other qualitative scales used in similar
studies (e.g., Ricciardelli D’Albore 1997; Jari¢ et al. 2013),
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ensuring methodological continuity and comparability. A list
of melliferous species identified in the ruderal vegetation of
Bratislava, along with their classification into quality cat-
egories, is provided in Table S1. This qualitative method for
assessing melliferous potential has its limitations and is not
intended to replace quantitative measurements of nectar and
pollen yields, which can vary significantly across years due
to environmental factors and plant phenology. Instead, it is
suitable for determining whether the number of melliferous
species is increasing or decreasing, as well as distinguish-
ing between species with low versus high nectar and pollen
production (Jurko 1990).

Unlike previous studies (e.g., Jurko and Fajmonova
1988; Zlinska and Kubalova 2001; Jari¢ et al. 2013), which
assessed the melliferous potential of entire plant communi-
ties (groups of relevés), we performed a more detailed analy-
sis. Just as we calculated the allergenic potential for the same
type of vegetation (Hrabovsky et al. 2025), we also assessed
the following melliferous characteristics of the 695 relevés
individually: (i) nectar-producing and pollen-producing spe-
cies richness—the number of nectar-producing or corbicular
pollen-producing melliferous species, considering both over-
all diversity and diversity specific to the flowering period;
(i1) nectar-producing and pollen-producing species propor-
tion—the ratio of nectar-producing or corbicular pollen-pro-
ducing melliferous species to all recorded plant species; (iii)
nectar-producing and pollen-producing species cover; and
(iv) nectar-producing and pollen-producing species cover
proportion to total vegetation cover. Nectar-producing and
pollen-producing species cover (c¢) and cover proportion
were calculated based on the method of Chytry et al. (2005)
using the formula published by Hrabovsky et al. (2025).

We then calculated the nectar-producing potential (NPP)
and pollen-producing potential (PPP) of the stand as a
weighted average
Y, (c; x NPP))

i=1

— Y, (¢; x PPP;)
Z?:] Ci , 221:1 Ci ’

where ¢; may be percentage cover (e.g., 68%) or decimal
cover value of each species (e.g., 0.68), and NPP; and PPP;
are the species-specific melliferous potentials assigned on a
five-level scale. The resulting value estimates the nectar- and
pollen-producing potential of the stand represented by the
recorded relevé, ranging from 0 to 4 (0—0.4—non-mellifer-
ous stand, 0.5-1.4—poor melliferous stand, 1.5-2.4—good
melliferous stand, 2.5-3.4—very good melliferous stand,
and 3.5-4—excellent melliferous stand).

To compare the species spectrum between older
(1975-1982) and more recent (2011-2014) periods, we cal-
culated the following metrics for each melliferous species
across all relevés: (i) periodical proportion—the proportion
of relevés in which the species appeared during a specific

NPP =
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period; and (ii) periodical cover—the average cover of the
species in the relevés where it was present within a specific
period. These metrics were compared to assess temporal
trends in the distribution of melliferous species according
to Hrabovsky et al. (2025).

Data analysis

R software was used for dataset analysis. Changes in the
abovementioned four melliferous characteristics and mel-
liferous potential (NPP and PPP) between older and more
recent relevés, as well as among different phytosociologi-
cal classes, were evaluated by the Kruskal-Wallis test.
The periodical proportion and cover of melliferous species
were compared using the paired Wilcoxon test. Spearman’s
correlation was applied to examine relationships between
meteorological data (series of mean annual air temperatures
and annual precipitation totals) recorded over two periods
(1975-1982 and 2011-2014) and four melliferous char-
acteristics and melliferous potential. The meteorological
data were obtained from the Slovak Hydrometeorological
Institute.

Results

During the period 1975-1982 (historical period), 387 stands
of ruderal vegetation were recorded, of which 181 belong to
the AV class, 51 to the GU class, 16 to the PP class, and 139
to the SM class. The number of relevés in the recent period
(2011-2014) was 308 (AV, 123; GU, 89; PP, 29; SM, 67).
In both periods, plant communities of the AV class were the
most abundant, which means that ruderal vegetation of dry
and warm habitats with moderate disturbance prevailed in
Bratislava.

Fig.2 Comparison of the
average number of flowering

nectar-producing species

Decrease 2.5

In total, we identified 458 herbaceous plant species, of
which 229 (50.0%) are considered melliferous. All of them
produce pollen, and only 205 species produce nectar. Spe-
cifically, 70 species are poor, 104 good, 25 very good, and
6 excellent nectar-producing plants. For pollen production,
131 species are poor, 77 good, 19 very good, and 2 excellent
producers (Table S1).

The melliferous characteristics of ruderal vegetation
across individual phytosociological classes are summarized
in Table S2.

The species richness of nectar- and pollen-producing
plants remained largely unchanged in 2011-2014 com-
pared to 1975-1982 (Fig. S1). The only exception was the
SM class, where a significant increase was observed in
both nectar-producing (y*=28.03, p <0.001) and pollen-
producing species (y>=32.00, p <0.001) according to the
Kruskal-Wallis test. When assessing the number of mel-
liferous species across different stands based on their flow-
ering period, changes were mainly observed in the species
composition of spring- and summer-flowering plants. The
number of nectar-producing species in March—April and
pollen-producing species in March—June increased signifi-
cantly (y*=6.26-9.81, p <0.05). In contrast, a decrease in
both categories during summer and autumn was observed
(Fig. 2), but this decline was not statistically significant com-
pared to the spring increase.

The proportion of nectar-producing species did not
change significantly when considering all stands (Fig. S2).
However, it decreased in the AV (;(2 =15.94, p<0.001) and
GU (;(Zz 7.56, p<0.01) classes, while it increased in the
SM class (y>=27.43, p <0.001). The proportion of pollen-
producing species showed a slight decline in the AV class
()(2=5.12, p <0.05), whereas the SM class exhibited the
opposite trend (y*=27.3, p <0.001).

Statistically significant changes were observed in
the cover and cover proportion of melliferous species
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(Figs. S3, S4). Both the cover and cover proportion of
nectar-producing (y* = 12.86-20.52, p <0.001) and pollen-
producing species (> = 18.28-32.96, p <0.001) increased.
The average cover and cover proportion of nectar-pro-
ducing species grew mainly in the GU (y>=5.44-6.13,
p<0.05) and SM (> =17.71-24.25, p <0.001) classes.
Meanwhile, the average cover and cover proportion of
pollen-producing species increased across all classes (AV:
7$=4.33-9.48, p <0.05; GU: y*=7.79-9.99, p <0.01; PP:
7’ =4.25-4.51, p<0.05; SM: y*=8.76-14.52, p<0.01).

The nectar-producing (y>=4.99, p <0.05) and pollen-
producing potential (y*=10.89, p <0.001) of stands has
increased in the recent period compared to the historical
period (Fig. 3). The increase in nectar-producing poten-
tial is particularly significant in the SM class (y*=21.6,
p <0.001). Pollen-producing potential has risen mainly in
the GU (*=5.97, p<0.05) and SM (4*=16.24, p <0.001)
classes.

The paired Wilcoxon test indicates no significant changes
in the averaged periodical proportion of species among all
melliferous species. However, the average periodical cover
proportion (Fig. 4) has increased in favor of melliferous spe-
cies (V=16,808, p<0.001). Six invasive species—Bunias
orientalis, Reynoutria X bohemica, Reynoutria japonica,
Helianthus tuberosus, and Solidago canadensis—have
shown an average cover increase of more than 20%. Addi-
tionally, three other invasive species—Atriplex tatarica,
Solidago gigantea, and Symphyotrichum lanceolatum—have

Fig.3 Boxplots showing the
median melliferous potential—

expanded their cover by more than 10%. Many of these inva-
sive species possess good melliferous potential.

Mean annual air temperature (Table 1) showed a sig-
nificant positive correlation with nectar-producing species,
including their cover (p=0.149, p <0.001), cover proportion
(p=0.119, p<0.001), and potential (p=0.071, p<0.01).
Similarly, it was positively correlated with pollen-produc-
ing species cover (p=0.180, p <0.001), cover proportion
(p=0.137, p<0.001), and potential (p=0.100, p <0.001).
Annual precipitation totals (Table 1) also had a positive
correlation with nectar-producing species, specifically their
cover (p=0.099, p<0.001), cover proportion (p=0.104,
p<0.001), and potential (p=0.087, p<0.01). Additionally,
precipitation was positively associated with pollen-produc-
ing species cover (p=0.069, p <0.01), cover proportion
(p=0.078, p<0.01), and potential (p=0.062, p <0.05).

Discussion

Changes in the number of phytocoenological records and the
diversity of ruderal communities in Bratislava were analyzed
in a previous study (Rendekové et al. 2018), which found
that these shifts were largely driven by land use changes,
increased building activity, and alterations in abiotic factors,
particularly rising temperatures. In this study, we further
examined changes in the species spectrum in greater detail.
Since up to 50% of the recorded species are melliferous,
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Table 1 Spearman’s correlation coefficients between melliferous
characteristics of nectar-producing (NP) and pollen-producing (PP)
species and meteorological variables

Characteristics Mean annual air Annual
temperature precipitation
totals

NP species richness 0.012NS 0.032NS
NP species proportion —0.028NS 0.027NS
NP species cover 0.149%%* 0.099%**
NP species cover proportion 0.119%%* 0.104%**
NP species potential 0.071%* 0.087%*
PP species richness 0.039NS 0.038NS
PP species proportion 0.027NS 0.044NS
PP species cover 0.180%** 0.069%*
PP species cover proportion 0.137%%% 0.078%*
PP species potential 0.100%** 0.062*

“p<0.05; *p <0.01; ***p <0.001; NS non-significant

these changes inevitably affected the composition of mellif-
erous species as well. However, the extent of these changes
varied across phytosociological classes. The most notice-
able changes occurred in the AV and SM classes, while
they were less pronounced in the GU class and remained
comparable in the PP class. Factors such as climate change
(Wiegmans et al. 2024), changes in land use and green
space management (de Barros et al. 2022), and biological
invasions (Swierszcz et al. 2024) can be responsible for the
shifts in the species spectrum of urban weedy vegetation.
The fact that species richness of plants remained stable is
often linked with the resilience and stability of plant com-
munities. More diverse plant communities tend to be more
adaptable to ecological shifts and disturbances (Dietrich
et al. 2024). On the contrary, shifts in species cover led to
a slight increase in nectar- and pollen-producing potential.

species most affected

The mean melliferous potential remained consistently at a
“poor” level (ranging from 0.5 to 1.4) according to the estab-
lished scale.

In the AV class, the most significant changes were
observed, with 91 species affected. Several native species,
such as Arctium tomentosum, Carduus crispus, Centaurea
scabiosa, Clinopodium vulgare, and Epilobium dodonaei,
declined in occurrence and abundance. On the contrary,
invasive species such as Bunias orientalis, Helianthus
tuberosus, and Solidago canadensis established new popu-
lations, and the cover of Solidago gigantea increased. These
changes suggest a shift towards a more invasion-prone veg-
etation structure. A possible cause of the spread of inva-
sive plants could be climate change, as the abovementioned
invasive species thrive in warming conditions (Cao et al.
2018; Jovanovi¢ et al. 2018; Agapie et al. 2022; Michal-
ova et al. 2024). The melliferous potential of this class has
remained stable despite the changes, as native species have
been replaced by invasive honey-bearing species.

In the GU class, 67 species were affected. Notable
declines were recorded for cover of Heracleum spondylium,
Chaerophyllum temulum, and invasive Impatiens glandu-
lifera. Similar to the AV class, invasive species such as
Reynoutria japonica, Reynoutria X bohemica, Helianthus
tuberosus, and Solidago canadensis spread into the com-
munities of this class, and the cover of Solidago gigantea
and Symphyotrichum lanceolatum increased. These trends
indicate an ongoing homogenization of ruderal communi-
ties, where aggressive non-native species are outcompet-
ing native flora (Arévalo et al. 2010; Ondekova and Renco
2017). Nevertheless, the invasive species are responsible for
the enhanced melliferous potential of this class.

In contrast, the PP class experienced relatively minor
changes, with only 23 species affected, but it had no effect on
the melliferous potential of this group of plant communities.
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This suggests that the vegetation dynamics in this class
remain relatively stable, possibly due to the persistent nature
of short-lived ruderal species adapted to disturbed habitats
(Mucina et al. 2016; Rendekova and Micieta 2017, 2018).

In the SM class, 68 species exhibited changes in their
presence. The retreat of species such as Datura stramonium,
Malva neglecta, Malva pusilla, and Senecio viscosus was
observed. However, the increase in species cover of Convol-
vulus arvensis, Geranium pusillum, Medicago sativa, Trifo-
lium arvense, and Tripleurospermum inodorum indicates a
change in this class. Changes in the species spectrum and
cover of the SM class are common due to adaptation to regu-
lar or irregular disturbance of the vegetation and substrate
(Chytry 2009). The average nectar-producing and pollen-
producing potential increased by 50% and 76.2%. This can
be attributed to an increase in the frequency of occurrence
of native species, such as Echium vulgare, Carduus acan-
thoides, Tanacetum vulgare, Cirsium arvense, Cichorium
intybus, Trifolium pratense, Convolvulus arvensis, and
Taraxacum sect. Taraxacum.

Studies on the melliferous potential of ruderal vegeta-
tion are rare. A similar study in Romania (Ion et al. 2018)
assessed nectar collection directly from flowers using capil-
laries. Although the methods differ, both studies indicate that
perennial ruderal herbaceous species contribute positively to
the honey-bearing potential of vegetation. Ion et al. (2018)
discussed that the higher melliferous potential of ruderal
vegetation could be linked to their root systems, which may
support greater nectar production or plant vigor in perenni-
als. In line with this, our study found an increase specifically
in perennial ruderal species, suggesting that these plants may
play a key role in enhancing the melliferous potential of
urban vegetation. Macukanovi¢-Joci¢ and Jarié¢ (2016) inves-
tigated the ruderal vegetation of Vojvodina (Serbia) using an
established scale for melliferous potential. Like our study,
they classified the melliferous potential of the PP and SM
classes as “poor.” Similarly, invasive species such as Heli-
anthus tuberosus were present in Vojvodina, contributing to
an increase in the honey-bearing potential of the vegetation.

Several invasive plant species have been documented to
produce substantial quantities of nectar, thereby enhancing
foraging opportunities for pollinators. Notable examples
include Impatiens glandulifera (Bartomeus et al. 2010), Sym-
phyotrichum lanceolatum (Horsburgh et al. 2011), Solidago
canadensis and Solidago gigantea (Jachuta et al. 2020), Rey-
noutria japonica (Cucu et al. 2021), and Helianthus tubero-
sus (Denisow et al. 2019), all of which are characterized by
high nectar production. These species attract a diverse array
of pollinators, including bees and butterflies. Moreover, their
extended flowering periods provide a consistent nectar sup-
ply in late autumn, when native plant species have already
ceased flowering. The melliferous potential of invasive
plants is one of the few ecological benefits associated with

@ Springer

biological invasions (Jachuta et al. 2020; Cucu et al. 2021).
Pollinators generally exhibit no preference between nectar
and pollen sources derived from native versus non-native
plant species (Bartomeus et al. 2010; Davis et al. 2018).
However, the spreading of certain invasive plants may result
in a decline in floral diversity (Carboni et al. 2021), which
could restrict the range of nutrients available to pollinators
(Filipiak 2024). In our study, this effect was not observed,
likely due to the regulation of urban greenery, where exten-
sive monocultures of clonal invasive species are less preva-
lent compared to rural landscapes, where such impacts may
be more pronounced (gtajerové etal. 2017).

Urban vegetation across multiple European cities is
undergoing significant changes. A key aspect of this change
is the increasing presence of alien plant species and the
changing balance between native and non-native spe-
cies (Chocholouskova and PySek 2003; Pysek et al. 2004;
Knapp et al. 2010; Gregor et al. 2012; Lososova et al. 2012;
Salinitro et al. 2019; Alizadeh and Hitchmough 2020). Our
findings show that the cover of melliferous plant species
in the study area increases with mean air temperature and
precipitation. A higher proportion of these plants in urban
vegetation enhances their capacity to provide food for pol-
linators. Additionally, rising temperature and precipitation
directly boost nectar secretion (Pétanidou and Smets 1996;
Schweitzer et al. 2013).

In urban areas with park-like plantings of flowering trees
and shrubs, gardens rich in floral resources, and adjacent
agricultural fields with melliferous species such as Brassica
napus and Helianthus annuus, ruderal vegetation primar-
ily serves as a supplementary food source for pollinators.
However, during late summer and autumn, it becomes the
primary source of nectar and pollen. Therefore, assessing the
nectar-producing potential of species commonly regarded as
weeds is of ecological significance (Wrzesient and Denisow
2007). Our findings indicate that the richness of flowering
species in late summer and autumn has remained consistent
compared to historical records. While the scaled assessment
does not allow for precise quantification of changes in nec-
tar and pollen production within these plant communities,
our results suggest that their melliferous potential remains
substantial.

Conclusion

Our study in Bratislava provides insights into species
composition shifts of ruderal vegetation in an urban eco-
system and their consequences for melliferous plant spe-
cies. Although biological invasions, warming, and land use
changes have likely altered species composition, overall
plant species richness has remained stable. The most signifi-
cant changes have occurred in the Artemisietea vulgaris and
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Galio-Urticetea classes, where invasive species are increas-
ingly asserting themselves, which may have implications
for pollinator resources. Although the number of invasive
species also increased in the class Stellarietea mediae, the
observed rise in melliferous potential was driven by native
species rather than by the invasive ones. In contrast, the
Polygono arenastri-Poetea annuae class showed relative
stability. However, these shifts have not led to a qualitative
change in the melliferous potential of ruderal plant com-
munities, which has consistently remained at a “poor” level.
The spread of melliferous invasive species has contributed
to a slight increase in total nectar and pollen production,
especially in the Galio-Urticetea class. However, although
invasive species provide food for pollinators, their increasing
presence across plant communities could ultimately reduce
the floristic diversity of native plant species, which could
negatively impact the pollinators. Our findings highlight the
importance of long-term monitoring of ruderal vegetation,
as it plays a key role in sustaining pollinator populations,
especially in late summer and autumn. To mitigate potential
negative effects, future research should focus on integrat-
ing long-term ecological monitoring with urban planning
frameworks, aiming to enhance pollinator conservation
while managing invasive species effectively.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10113-025-02437-2.

Acknowledgements The authors acknowledge the Slovak Hydromete-
orological Institute for providing meteorological data used in this paper.

Author contribution Michal Hrabovsky conceived the ideas and
designed methodology; Ivan Jarolimek and Alena Rendekové collected
the data; Michal Hrabovsky analyzed the data; Michal Hrabovsky and
Silvia Kubalova led the writing of the manuscript. All authors con-
tributed critically to the drafts and gave final approval for publication.

Funding Open access funding provided by The Ministry of Education,
Science, Research and Sport of the Slovak Republic in cooperation
with Centre for Scientific and Technical Information of the Slovak
Republic. This study was supported by Grant Agency VEGA (Brati-
slava), Grant No. 1/0180/22.

Data availability Data is available upon request.

Declarations
Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will

need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Agapie OL, Barcanu E, Gherase I, Tanase B, Dobre G (2022) Heli-
anthus tuberosus L. as an alternative to climate change in Roma-
nia. Bull Univ Agric Sci Vet Med Cluj-Napoca Hortic 79:112—
116. https://doi.org/10.15835/buasvmen-hort:2022.0019

Alizadeh B, Hitchmough JD (2020) How will climate change affect
future urban naturalistic herbaceous planting? The role of plant
origin and fitness. Urban For Urban Green 54:126786. https://doi.
org/10.1016/j.ufug.2020.126786

Arévalo JR, Otto R, Escudero C, Fernandez-Palacios JM (2010) Do
anthropogenic corridors homogenize plant communities at a local
scale? A case studied in Tenerife (Canary Islands). Plant Ecol
209:23-35. https://doi.org/10.1007/s11258-009-9716-y

Artamendi M, Martin PA, Bartomeus I, Magrach A (2024) Loss of
pollinator diversity consistently reduces reproductive success for
wild and cultivated plants. Nat Ecol Evol 9:296-313. https://doi.
org/10.1038/s41559-024-02595-2

Barkman JJ, Doing H, Segal S (1964) Kritische Bemerkungen und
Vorschlédge zur quantitativen Vegetationsanalyse. Acta Botanica
Neerlandica 13:394-419. https://doi.org/10.1111/j.1438-8677.
1964.tb00164.x

de Barros RR, Costa LMS, Bered F (2022) Urbanization driving
changes in plant species and communities — a global view. Glob
Ecol Conserv 38:¢02243. https://doi.org/10.1016/j.gecco.2022.
€02243

Bartomeus I, Vila M, Steffan-Dewenter 1 (2010) Combined effects of
Impatiens glandulifera invasion and landscape structure on native
plant pollination. J Ecol 98:440—450. https://doi.org/10.1111/j.
1365-2745.2009.01629.x

Belcakova I, Slamova M, Demovicova Z (2022) Importance of urban
green areas in the context of current and future global changes:
lessons learned from a case study in Bratislava (Slovakia). Sus-
tainability 14:14740. https://doi.org/10.3390/su142214740

Beninde J, Veith M, Hochkirch A (2015) Biodiversity in cities needs
space: a meta-analysis of factors determining intra-urban biodi-
versity variation. Ecol Lett 18:581-592. https://doi.org/10.1111/
ele.12427

Braun-Blanquet J (1964) Pflanzensoziologie. Grundziige der Vegeta-
tionskunde. 3rd edn. Springer Verlag, Wien. https://doi.org/10.
1007/978-3-7091-8110-2

Brown LM, Anand M (2024) Impacts of urban land-cover on plant
community structure and biodiversity in a multi-use landscape.
Landsc Ecol 39:197. https://doi.org/10.1007/s10980-024-01988-9

Brun M, Di Pietro F, Bonthoux S (2018) Residents’ perceptions and
valuations of urban wastelands are influenced by vegetation
structure. Urban For Urban Green 29:393-403. https://doi.org/
10.1016/j.ufug.2017.01.005

Cao Y, Xiao YA, Zhang S, Hu W (2018) Simulated warming enhances
biological invasion of Solidago canadensis and Bidens frondosa
by increasing reproductive investment and altering flowering
phenology pattern. Sci Rep 8:16073. https://doi.org/10.1038/
s41598-018-34218-9

Carboni M, Livingstone SW, Isaac ME, Cadotte MW (2021) Invasion
drives plant diversity loss through competition and ecosystem
modification. J Ecol 109:3587-3601. https://doi.org/10.1111/
1365-2745.13739

Chen X, Wang W, Liang H, Liu X, Da L (2014) Dynamics of ruderal
species diversity under the rapid urbanization over the past half

@ Springer


https://doi.org/10.1007/s10113-025-02437-2
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15835/buasvmcn-hort:2022.0019
https://doi.org/10.1016/j.ufug.2020.126786
https://doi.org/10.1016/j.ufug.2020.126786
https://doi.org/10.1007/s11258-009-9716-y
https://doi.org/10.1038/s41559-024-02595-2
https://doi.org/10.1038/s41559-024-02595-2
https://doi.org/10.1111/j.1438-8677.1964.tb00164.x
https://doi.org/10.1111/j.1438-8677.1964.tb00164.x
https://doi.org/10.1016/j.gecco.2022.e02243
https://doi.org/10.1016/j.gecco.2022.e02243
https://doi.org/10.1111/j.1365-2745.2009.01629.x
https://doi.org/10.1111/j.1365-2745.2009.01629.x
https://doi.org/10.3390/su142214740
https://doi.org/10.1111/ele.12427
https://doi.org/10.1111/ele.12427
https://doi.org/10.1007/978-3-7091-8110-2
https://doi.org/10.1007/978-3-7091-8110-2
https://doi.org/10.1007/s10980-024-01988-9
https://doi.org/10.1016/j.ufug.2017.01.005
https://doi.org/10.1016/j.ufug.2017.01.005
https://doi.org/10.1038/s41598-018-34218-9
https://doi.org/10.1038/s41598-018-34218-9
https://doi.org/10.1111/1365-2745.13739
https://doi.org/10.1111/1365-2745.13739

101 Page 100f 11

Regional Environmental Change (2025) 25:101

century in Harbin, Northeast China. Urban Ecosyst 17:455-472.
https://doi.org/10.1007/s11252-013-0338-8

Chocholouskova Z, Pysek P (2003) Changes in composition and struc-
ture of urban flora over 120 years: a case study of the city of Plzei.
Flora 198:366-376. https://doi.org/10.1078/0367-2530-00109

Chytry M, Pysek P, Tichy L, Knollova I, Danihelka J (2005) Invasions
by alien plants in the Czech Republic: a quantitative assessment
across habitats. Preslia 77:339-354

Chytry M (2009) Vegetace Ceské republiky. 2. Ruderalni, plevelova,
skalni a sufové vegetace. Academia, Praha

Crane E (1975) Potential honey yields of 200 plants. In: Crane E (ed)
Honey - a comprehensive survey. Heinemann, London, pp 47-76

Cucu AA, Baci GM, Dezsi §, Nap ME, Beteg FI et al (2021) New
approaches on Japanese knotweed (Fallopia japonica) bioactive
compounds and their potential of pharmacological and beekeeping
activities: challenges and future directions. Plants 10:2621. https://
doi.org/10.3390/plants10122621

Daniels B, Jedamski J, Ottermanns R, Ross-Nickoll M (2020) A “plan
bee” for cities: pollinator diversity and plant-pollinator interac-
tions in urban green spaces. PLoS ONE 15(7):¢0235492. https://
doi.org/10.1371/journal.pone.0235492

Davis ES, Kelly R, Maggs CA, Stout JC (2018) Contrasting impacts of
highly invasive plant species on flower-visiting insect communi-
ties. Biodivers Conserv 27:2069-2085. https://doi.org/10.1007/
s10531-018-1525-y

Denisow B, Tymoszuk K, Dmitruk M (2019) Nectar and pollen produc-
tion of Helianthus tuberosus L.—an exotic plant with invasiveness
potential. Acta Bot Croat 78:135-141. https://doi.org/10.2478/
botcro-2019-0019

Dietrich P, Ebeling A, Meyer ST, Asato AEB, Brocher M et al (2024)
Plant diversity and community age stabilize ecosystem multifunc-
tionality. Glob Change Biol 30:¢17225. https://doi.org/10.1111/
gcb.17225

Elias P, Marini¢ova P (2017) Ecological functions of vegetation as
potentials of ecosystem services (floodplain alder forest in the
Tribe¢ microregion). J for Sci 63:126-135. https://doi.org/10.
17221/58/2016-JFS

Filipiak M (2024) Plants other than animal-pollinated herbs provide
wild bees with vital nutrients. Glob Ecol Conserv 52:¢02984.
https://doi.org/10.1016/j.gecco.2024.e02984

Franceschi E, Moser-Reischl A, Honold M, Rahman MA, Pretzsch
H et al (2023) Urban environment, drought events and climate
change strongly affect the growth of common urban tree species
in a temperate city. Urban For Urban Green 88:128083. https://
doi.org/10.1016/j.ufug.2023.128083

Gregor T, Bonsel D, Starke-Ottich I, Zizka G (2012) Drivers of floristic
change in large cities — a case study of Frankfurt/Main (Germany).
Landsc Urban Plan 104:230-237. https://doi.org/10.1016/j.1andu
rbplan.2011.10.015

Guo P, YuF,Ren Y, Liu D, Li J et al (2018) Response of ruderal spe-
cies diversity to an urban environment: implications for conserva-
tion and management. Int J Environ Res Public Health 15:2832.
https://doi.org/10.3390/ijerph15122832

Haines-Young R, Potschin MB (2018) Common International Clas-
sification of Ecosystem services (CICES, Version 4.1). European
Environment Agency 33:107

Hennekens SM, Schaminée JHJ (2001) TURBOVEG, a comprehen-
sive data base management system for vegetation data. J Veg Sci
12(4):589-591. https://doi.org/10.2307/3237010

Hoepfner KH (1986) Bienenweidepflanzen. Gleditschia 14:157-180

Horsburgh M, Semple JC, Kevan PG (2011) Relative pollinator effec-
tiveness of insect floral visitors to two sympatric species of wild
aster: Symphyotrichum lanceolatum (Willd.) Nesom and S. lat-
eriflorum (L.) Love & Love (Asteraceae: Astereae). Rhodora
113:64-86. https://doi.org/10.3119/08-09.1

@ Springer

Hou Y, LiJ, Li G, Qi W (2023) Negative effects of urbanization on
plants: a global meta-analysis. Ecol Evo 13:9894. https://doi.org/
10.1002/ece3.9894

Hrabovsky M, Seevkova J , Rendekova A, Zahradnikova E, Jarolimek
1(2025) Long-term changes in the allergenic potential of ruderal
vegetation in a Central European urban area. Reg Environ Change
25:35. https://doi.org/10.1007/s10113-025-02372-2

Ton N, Odoux JF, Vaissiére BE (2018) Melliferous potential of weedy
herbaceous plants in crop fields of Romania from 1949 to 2012.
J Apic Sci 62:149-165. https://doi.org/10.2478/jas-2018-0017

Jachuta J, Denisow B, Strzatkowska-Abramek M (2020) Does an
invader have a bright side? Floral reward in two Solidago spe-
cies. J Apic Res 59:599-608. https://doi.org/10.1080/00218839.
2019.1703086

Jari¢ S, Macukanovié¢-Joci¢ M, Mitrovi¢ M, Pavlovi¢ P (2013) The
Melliferous potencial of forest and meadow plant vommunities
on Mount Tara (Serbia). Environ Entomol 42:724-732. https://
doi.org/10.1603/EN13031

Jarolimek I, Zaliberova M, Mucina L, Mochnacky S (1997) Rast-
linné spolocenstva Slovenska. 2. Synantropna vegetacia. Veda,
Bratislava

Jovanovié S, Hlavati-Sirka V, Lakusi¢ D, Jogan N, Nikoli¢ T et al
(2018) Reynoutria niche modelling and protected area prioriti-
zation for restoration and protection from invasion: a Southeast-
ern Europe case study. J Nat Conserv 41:1-15. https://doi.org/
10.1016/j.jnc.2017.10.011

Jurik A (1979) Medonosne rastliny. Priroda, Bratislava

Jurko A, Fajmonova E (1988) Environmental, ecological and socio-
economical evaluation of forest communities in the Javorniky
Mts for landscape ecology purposes. Ekolégia 7:61-80

Jurko A (1990) Ekologické a socioekonomické hodnotenie vegetacie.
[Ecological and socioeconomic assessment of vegetation; in
Slovak]. Priroda, Bratislava

Knapp S, Kiihn I, Stolle J, Klotz S (2010) Changes in the functional
composition of a Central European urban flora over three cen-
turies. Perspect Plant Ecol Evol Syst 12:235-244. https://doi.
org/10.1016/j.ppees.2009.11.001

Lerch D, Bliithgen N, Mody K (2024) Home sweet home: evalua-
tion of native versus exotic plants as resources for insects in
urban green spaces. Ecol Solut Evid 5:e12380. https://doi.org/
10.1002/2688-8319.12380

Li D, Wu S, Liang Z, Li S (2020) The impacts of urbanization and
climate change on urban vegetation dynamics in China. Urban
For Urban Green 54:126764. https://doi.org/10.1016/j.ufug.
2020.126764

Lososova Z, Chytry M, Tichy L, Danihelka J, Fajmon K et al (2012)
Native and alien floras in urban habitats: a comparison across
32 cities of Central Europe. Glob Ecol Biogeogr 21:545-555.
https://doi.org/10.1111/j.1466-8238.2011.00704.x

Lowenstein DM, Minor ES (2016) Diversity in flowering plants and
their characteristics: integrating humans as a driver of urban
floral resources. Urban Ecosyst 19:1735-1748. https://doi.org/
10.1007/s11252-016-0563-z

Macukanovié-Joci¢ MP, Jari¢ SV (2016) The melliferous potential of
apiflora of southwestern Vojvodina (Serbia). Arch Biol Sci Bel-
grade 68(1):81-91. https://doi.org/10.2298/ABS150427130M

Magrach A, Montoya D (2024) Stability in plant-pollinator com-
munities across organizational levels: present, gaps, and future.
AoB Plants 16:plae026. https://doi.org/10.1093/aobpla/plae026

Majewska AA, Altizer S (2020) Planting gardens to support insect
pollinators. Conserv Biol 34:15-25. https://doi.org/10.1111/
cobi.13271

Marquardt M, Kienbaum L, Kretschmer LA, Penell A, Schweik-
ert K et al (2021) Evaluation of the importance of ornamental
plants for pollinators in urban and suburban areas in Stuttgart,


https://doi.org/10.1007/s11252-013-0338-8
https://doi.org/10.1078/0367-2530-00109
https://doi.org/10.3390/plants10122621
https://doi.org/10.3390/plants10122621
https://doi.org/10.1371/journal.pone.0235492
https://doi.org/10.1371/journal.pone.0235492
https://doi.org/10.1007/s10531-018-1525-y
https://doi.org/10.1007/s10531-018-1525-y
https://doi.org/10.2478/botcro-2019-0019
https://doi.org/10.2478/botcro-2019-0019
https://doi.org/10.1111/gcb.17225
https://doi.org/10.1111/gcb.17225
https://doi.org/10.17221/58/2016-JFS
https://doi.org/10.17221/58/2016-JFS
https://doi.org/10.1016/j.gecco.2024.e02984
https://doi.org/10.1016/j.ufug.2023.128083
https://doi.org/10.1016/j.ufug.2023.128083
https://doi.org/10.1016/j.landurbplan.2011.10.015
https://doi.org/10.1016/j.landurbplan.2011.10.015
https://doi.org/10.3390/ijerph15122832
https://doi.org/10.2307/3237010
https://doi.org/10.3119/08-09.1
https://doi.org/10.1002/ece3.9894
https://doi.org/10.1002/ece3.9894
https://doi.org/10.1007/s10113-025-02372-2
https://doi.org/10.2478/jas-2018-0017
https://doi.org/10.1080/00218839.2019.1703086
https://doi.org/10.1080/00218839.2019.1703086
https://doi.org/10.1603/EN13031
https://doi.org/10.1603/EN13031
https://doi.org/10.1016/j.jnc.2017.10.011
https://doi.org/10.1016/j.jnc.2017.10.011
https://doi.org/10.1016/j.ppees.2009.11.001
https://doi.org/10.1016/j.ppees.2009.11.001
https://doi.org/10.1002/2688-8319.12380
https://doi.org/10.1002/2688-8319.12380
https://doi.org/10.1016/j.ufug.2020.126764
https://doi.org/10.1016/j.ufug.2020.126764
https://doi.org/10.1111/j.1466-8238.2011.00704.x
https://doi.org/10.1007/s11252-016-0563-z
https://doi.org/10.1007/s11252-016-0563-z
https://doi.org/10.2298/ABS150427130M
https://doi.org/10.1093/aobpla/plae026
https://doi.org/10.1111/cobi.13271
https://doi.org/10.1111/cobi.13271

Regional Environmental Change (2025) 25:101

Page110of 11 101

Germany. Urban Ecosyst 24:811-825. https://doi.org/10.1007/
$11252-020-01085-0

Mathey J, Arndt T, Banse J, Rink D (2018) Public perception of
spontaneous vegetation on brownfields in urban areas — results
from surveys in Dresden and Leipzig (Germany). Urban For
Urban Green 29:384-392. https://doi.org/10.1016/j.ufug.2016.
10.007

Medvecka J, Kliment J, Méjekova J, Halada L, Zaliberovd M et al
(2012) Inventory of the alien flora of Slovakia. Preslia 84:57-309

Metzger MJ, Bunce RGH, Jongman RHG, Miicher CA, Watkins JW
(2005) A climatic stratification of the environment of Europe.
Glob Ecol Biogeogr 14:549-563. https://doi.org/10.1111/j.1466-
822x.2005.00190.x

Michalova M, Hrabovsky M, Kubalova S, Mihalikova T (2024) Model-
ling the Symphyotrichum lanceolatum invasion in Slovakia, Cen-
tral Europe. Model Earth Syst Environ 10:2749-2759. https://doi.
org/10.1007/340808-023-01945-6

Mogildea D, Bitd-Nicolae C (2024) Ruderal plant diversity as a driver
for urban green space sustainability. Urban Sci 8:159. https://doi.
org/10.3390/urbansci8040159

Mucina L, Biiltmann H, DierBen K, Theurillat JP, Raus T et al (2016)
Vegetation of Europe: hierarchical floristic classification system
of vascular plant, bryophyte, lichen, and algal communities. Appl
Veg Sci 19:3-264. https://doi.org/10.1111/avsc.12257

Nicholls CI, Altieri MA (2013) Plant biodiversity enhances bees and
other insect pollinators in agroecosystems. A Review. Agron Sus-
tain Dev 33:257-274. https://doi.org/10.1007/s13593-012-0092-y

Ondekova J, Renco M (2017) The impact of invasive plants on biodi-
versity. Zivotné Prostredie 51:52-55

Ortega-Rosas CI, Enciso-Miranda CA, Macias-Duarte A, Morales-
Romero D, Villarruel-Sahagin L (2020) Urban vegetation cover
correlates with environmental variables in a desert city: insights of
mitigation measures to climate change. Urban Ecosyst 23:1191—
1207. https://doi.org/10.1007/s11252-020-00982-8

Pétanidou T, Smets E (1996) Does temperature induce nectar secretion
in Mediterranean plants? New Phytol 133:513-518. https://doi.
org/10.1111/j.1469-8137.1996.tb01919.x

Poole O, Costa A, Kaiser-Bunbury CN, Shaw RF (2025) Pollinators
respond positively to urban green space enhancements using wild
and ornamental flowers. Insect Conserv Diver 18:16-28. https://
doi.org/10.1111/icad.12779

Pysek P, Chocholouskova Z, PySek A, Jarosik V, Chytry M et al (2004)
Trends in species diversity and composition of urban vegetation
over three decades. J Veg Sci 15:781-788. https://doi.org/10.
1111/5.1654-1103.2004.tb02321.x

Rendekova A, Miskovic J, Micieta K, Hrabovsky M, Jarolimek I (2017)
Changes in presence of alien species in the ruderal vegetation of
a representative ecosystem in a major city over 30 years: a case
study from Bratislava. Acta Soc Bot Pol 86(1):3538. https://doi.
org/10.5586/asbp.3538

Rendekova A, Micieta K, Randakova Z, Miskovic J (2018) Dynamics
of the species diversity and composition of the ruderal vegetation
of Slovak and Czech cities. Hacquetia 17:171-188. https://doi.org/
10.1515/hacq-2017-0014

Rendekova A, Micieta K (2017) The trampled communities of the class
Polygono arenastri-Poetea annuae Rivas-Martinez 1975 corr.
Rivas-Martinez et al. 1991 in the ruderal vegetation of Bratislava
and their biodiversity. Acta Bot Univ Comenianae 52:57-69

Ricciardelli D’Albore G (1997) Textbook of melissopalinology. Api-
mondia Publishing House, Bucharest

Robinson SL, Lundholm JT (2012) Ecosystem services provided by
urban spontaneous vegetation. Urban Ecosyst 15:545-557. https://
doi.org/10.1007/s11252-012-0225-8

Salinitro M, Alessandrini A, Zappi A, Tassoni A (2019) Impact
of climate change and urban development on the flora of a
southern European city: analysis of biodiversity change over
a 120-year period. Sci Rep 9:9464. https://doi.org/10.1038/
$41598-019-46005-1

Sarvia F, De Petris S, Borgogno-Mondino E (2023) Mapping mel-
liferous potential in productive honey areas through spatial tool:
towards a rationalization of beekeeping. Ecol Inform 78:102362.
https://doi.org/10.1016/j.ecoinf.2023.102362

Saury A (1981) Plantes mellifieres. Lechevalier, Paris

Schweitzer P, Nombré I, Boussim JI (2013) Honey production for
assessing the impact of climatic changes on vegetation. Tropi-
cultura 31:98-102

Silva JLS, de Oliveira MTP, Cruz-Neto O, Tabarelli M, Lopes AV
(2021) Plant—pollinator interactions in urban ecosystems world-
wide: a comprehensive review including research funding and
policy actions. Ambio 50:884-900. https://doi.org/10.1007/
$13280-020-01410-z

Stajerova K, Smilauer P, Brina J, Py§ek P (2017) Distribution
of invasive plants in urban environment is strongly spatially
structured. Landsc Ecol 32:681-692. https://doi.org/10.1007/
$10980-016-0480-9

Swierszcz S, Czarniecka-Wiera M, Szymura TH, Szymura M (2024)
From invasive species stand to species-rich grassland: long-term
changes in plant species composition during Solidago invaded
site restoration. J Environ Manag 353:120216. https://doi.org/10.
1016/j.jenvman.2024.120216

Tabasevié¢ M, Jovanovi¢ S, Lakusi¢ D, Vukoji¢i¢ S, Kuzmanovi¢ N
(2021) Diversity of ruderal communities in urban environments
— a case study from Serbia (SE Europe). Diversity 13:638. https://
doi.org/10.3390/d13120638

Tichy L (2002) JUICE, software for vegetation classification. J Veg Sci
13:451-453. https://doi.org/10.1111/j.1654-1103.2002.tb02069.x

Torija MG, Quintana JR, Pino-Bodas R, Molina JA (2025) Contribu-
tion of ruderal herbaceous vegetation to supporting services in
Mediterranean urban greenspaces. Biodivers Conserv 34:173—
189. https://doi.org/10.1007/s10531-024-02964-0

Ulrich J, Sargent RD (2025) Urban landscapes with more natu-
ral greenspace support higher pollinator diversity. Ecol Appl
35(1):€70005. https://doi.org/10.1002/eap.70005

Wiegmans D, Larson K, Clavel J, Hostens L, Spreeuwers J et al (2024)
Historic disturbance events overruled climatic factors as drivers of
ruderal species distributions in the Scandinavian mountains. Nord
J Bot 2024:e04382. https://doi.org/10.1111/njb.04382

Wrzesien M, Denisow B (2007) The phytocoenoses of anthropogeni-
cally transformed areas with a great importance for apoidea. Acta
Agrobotanica 60:117-126. https://doi.org/10.5586/aa.2007.039

Zlinska J, Kubalova S (2001) Fléra a vegetacia lokality Gamota na
Podunajskej niZine a ochrana jej biodiverzity [Flora and vegeta-
tion of the Gamota site in the Danube Lowland and the protec-
tion of its biodiversity; in Slovak. Acta Environm Univ Comen
11:1-120

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1007/s11252-020-01085-0
https://doi.org/10.1007/s11252-020-01085-0
https://doi.org/10.1016/j.ufug.2016.10.007
https://doi.org/10.1016/j.ufug.2016.10.007
https://doi.org/10.1111/j.1466-822x.2005.00190.x
https://doi.org/10.1111/j.1466-822x.2005.00190.x
https://doi.org/10.1007/s40808-023-01945-6
https://doi.org/10.1007/s40808-023-01945-6
https://doi.org/10.3390/urbansci8040159
https://doi.org/10.3390/urbansci8040159
https://doi.org/10.1111/avsc.12257
https://doi.org/10.1007/s13593-012-0092-y
https://doi.org/10.1007/s11252-020-00982-8
https://doi.org/10.1111/j.1469-8137.1996.tb01919.x
https://doi.org/10.1111/j.1469-8137.1996.tb01919.x
https://doi.org/10.1111/icad.12779
https://doi.org/10.1111/icad.12779
https://doi.org/10.1111/j.1654-1103.2004.tb02321.x
https://doi.org/10.1111/j.1654-1103.2004.tb02321.x
https://doi.org/10.5586/asbp.3538
https://doi.org/10.5586/asbp.3538
https://doi.org/10.1515/hacq-2017-0014
https://doi.org/10.1515/hacq-2017-0014
https://doi.org/10.1007/s11252-012-0225-8
https://doi.org/10.1007/s11252-012-0225-8
https://doi.org/10.1038/s41598-019-46005-1
https://doi.org/10.1038/s41598-019-46005-1
https://doi.org/10.1016/j.ecoinf.2023.102362
https://doi.org/10.1007/s13280-020-01410-z
https://doi.org/10.1007/s13280-020-01410-z
https://doi.org/10.1007/s10980-016-0480-9
https://doi.org/10.1007/s10980-016-0480-9
https://doi.org/10.1016/j.jenvman.2024.120216
https://doi.org/10.1016/j.jenvman.2024.120216
https://doi.org/10.3390/d13120638
https://doi.org/10.3390/d13120638
https://doi.org/10.1111/j.1654-1103.2002.tb02069.x
https://doi.org/10.1007/s10531-024-02964-0
https://doi.org/10.1002/eap.70005
https://doi.org/10.1111/njb.04382
https://doi.org/10.5586/aa.2007.039

	A shifting floral bounty in urban ruderal vegetation: implications for pollinator conservation in Bratislava
	Abstract
	Introduction
	Material and methods
	Study area
	Vegetation data
	Melliferous potential
	Data analysis

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References


