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Abstract: Urban development in south-eastern Europe has significant ecological consequences,
such as a reduction in native plant diversity, the introduction of non-native species, and increased
maintenance costs of urban green spaces. Achieving sustainable urban development requires a
thorough understanding of the inventory of native plant species to better manage and conserve these
areas. This study analyzed 806 vegetation surveys conducted in rural and urban areas over a 30-year
period, identifying 450 plant species from 39 distinct plant communities. Our findings revealed
generally low dominance index values in all communities, while Shannon diversity index values
were particularly high, indicating rich species diversity despite urbanization pressures. Equality
index values varied slightly, reflecting differences in species distributions. Principal component
analysis (PCA) identified a substantial group of species with low abundance, which is essential
for understanding and managing urban biodiversity. These findings have significant implications
for urban planning and plant species conservation. Low dominance and high diversity suggest
opportunities to improve urban green spaces by integrating diverse native species. In addition,
the ecological and practical value of ruderal species, plants that thrive in disturbed environments,
was emphasized, as well as their potential in medicine, phytoremediation, green roof design, and
pollination services. Through directly correlating biodiversity indices with urban sustainability goals,
our study provides useful insights for urban biodiversity management and the strategic integration
of native plant species into urban landscapes.

Keywords: ruderal species; urban vegetation; value of ruderal species; Galio-Urticetea; urban
biodiversity; phytoremediation; green roof design; pollination

1. Introduction

Ruderal vegetation growing in an urban environment reacts dynamically with various
elements [1], such as human activities, infrastructure, and other vegetation [1,2]. While
urban vegetation covers a wide range, from street trees to herbaceous species in community
gardens, ruderal vegetation often remains neglected in planned urban green spaces, despite
its significant role in urban ecosystems [3]. These pioneer plants colonize disturbed or
neglected urban sites and have important contributions to ecosystem functions (Figure 1)
such as soil stabilization or nutrient cycling [4]. Furthermore, they act as natural air
purifiers, absorbing pollutants such as carbon dioxide and releasing oxygen through
photosynthesis [2,4]. Studies have shown that species like Taraxacum officinale (dandelion)
contribute to soil stabilization by extensive root systems substantially [5]. In addition, some
ruderal plants, such as Achillea millefolium (yarrow), are known to improve soil nutrient
content by their ability to fix nitrogen, thus enriching the soil [6].

In addition, ruderal vegetation performs as a natural buffer, providing shade and
evaporative cooling, thus reducing the energy consumption needed to cool buildings
and increasing urban comfort [1,2]. Betula pendula (silver birch) has been documented to
absorb substantial amounts of carbon dioxide [7], helping to reduce urban air pollution.
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Ruderal species also have a significant role in managing stormwater runoff, mitigating
flood risks, and protecting water quality by absorbing and filtering rainwater [2,3]. As
well as providing habitat and food for urban wildlife, the ruderal species enrich urban
biodiversity and strengthen ecological resilience [1,3]. For example, the deep root systems
of species like Phalaris arundinacea (reed canary grass) enhance water infiltration and reduce
surface runoff, thereby mitigating flood risks [8]. Despite their unconventional appearance,
some ruderal plants, such as Papaver rhoeas (common poppy), contribute to the visual charm
of urban areas and provide spaces for recreation and social interaction, thus improving the
overall quality of urban life [4].
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like Poa annua (annual bluegrass) can germinate and establish within a few days [11], tak-
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to compete. Monitoring programs help track changes in urban plant communities over 
time and inform management decisions aimed at promoting urban biodiversity and resil-
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tribute to urban green space dynamics and support pollinator communities [12]. In Eu-
rope, species-rich meadows, mown once or twice a year, are replacing traditional lawns 
[13], promoting a more diverse urban flora. Additionally, wildflower mixtures are being 
planted in public spaces, traffic islands, pavements, and rooftops, creating habitats for 
various pollinators [14,15].  

In the context of Romania, the findings from previous studies provide valuable com-
parative insights. Romania’s urban areas, characterized by a mix of historical urban lay-
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Adapted to colonize human-altered habitats, ruderal species possess traits such as
rapid germination, prolific seed production, and resistance to various environmental
stresses, including pollution and soil contaminants, that are common in urban areas [6].
While some ruderal species may outcompete native vegetation where it exists [9], they may
also fill ecological niches left vacant by human activities and disturbances [10]. Therefore,
the impact of ruderal vegetation on native biodiversity in urban environments may vary
depending on local conditions and the specific context of the study area [3]. Species
like Poa annua (annual bluegrass) can germinate and establish within a few days [11],
taking advantage of temporary openings in the urban landscape before other plants are
able to compete. Monitoring programs help track changes in urban plant communities
over time and inform management decisions aimed at promoting urban biodiversity
and resilience [9,10]. Long-term monitoring in New York City has shown how ruderal
species contribute to urban green space dynamics and support pollinator communities [12].
In Europe, species-rich meadows, mown once or twice a year, are replacing traditional
lawns [13], promoting a more diverse urban flora. Additionally, wildflower mixtures are
being planted in public spaces, traffic islands, pavements, and rooftops, creating habitats
for various pollinators [14,15].

In the context of Romania, the findings from previous studies provide valuable com-
parative insights. Romania’s urban areas, characterized by a mix of historical urban layouts
and modern developments, present unique challenges and opportunities in managing
urban vegetation. For instance, the resilience observed in post-industrial landscapes in
the Czech Republic [16] is relevant to Romania’s post-industrial cities, where similar ap-
proaches to managing ruderal vegetation could be beneficial. The findings from India [17]
and Shanghai [18] highlight the importance of understanding species composition and
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distribution along the urban-rural gradient, which could inform strategies for enhanc-
ing biodiversity in Romania’s rapidly urbanizing regions. Japan’s focus on management
regimes provides examples for Romania, where traditional and modern land management
practices intersect [19]. Adapted management practices could enhance biodiversity and
ecological resilience in urban areas in Romania. The Turkish study [20] on disturbance
levels is particularly relevant, as Romanian cities face varying degrees of urban disturbance,
from construction activities to pollution. Understanding the impact of these disturbances
on vegetation can guide the development of adaptive management strategies [21].

This study provides a comprehensive analysis of ruderal vegetation, focusing on semi-
natural tall grass communities within urban areas of Romania, evaluated over a 30-year
period. While ruderal species are often overlooked in urban ecological studies, the research
uniquely characterizes these communities from both ecological and phytocenological
perspectives, offering novel insights into their roles in urban ecosystems. By integrating
long-term data, the ecological dynamics of these species were evaluated as well as their
potential applications in urban biodiversity enhancement and ecosystem service provision
were explored.

The main objective is to characterize the communities from an ecological and phyto-
cenological point of view. In this way, strategies for managing ruderal species in urban
areas and implementing green infrastructure projects to improve urban biodiversity and
ecosystem services can be developed. Moreover, the potential value of ruderal species for
medicine, phytoremediation, green roof design, and their role in pollination is emphasized.

2. Materials and Methods

Romania is located in south-eastern Europe, and it has a diverse geography, climate,
and soil types. It is dominated by the Carpathian Mountains with thinner and rockier soils,
which support rich biodiversity, including many ruderal species that thrive in disturbed or
marginal habitats. Here there are also contrasting environments where ruderal vegetation
can colonize disturbed urban areas.

Romania’s temperate continental climate, characterized by four distinct seasons with
frequent snowfalls in the mountainous regions and hot summers in the lowland areas,
contributes to the development of ruderal vegetation [22].

2.1. Area of Study and Sampling Sites

This study was generally conducted on the edge of urban and rural areas in Romania
(Figure 2). The literature as well as our own data were searched. The interface between
urban and rural zones in Romania presents a complex interplay of socio-economic, environ-
mental, and infrastructural factors. Urban areas exhibit high population density, extensive
infrastructure networks, and diverse economic activities. In contrast, rural regions maintain
traditional practices, lower population density, and limited infrastructure. For example,
survey sites within cities included areas adjacent to roads, abandoned lots, and construction
sites, where disturbances such as soil compaction, pollution, and frequent human activity
create ideal conditions for ruderal species to thrive. The delineation between these zones is
characterized by a gradient of land use intensity, where urban sprawl gradually gives way
to agricultural landscapes and small settlements [23].
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2.2. Field Methods

The phytosociological surveys using the Braun–Blanquet method were conducted [25],
chosen for its effectiveness in assessing plant community composition and abundance. This
method was selected over others due to its well-established framework for ecological stud-
ies, allowing for detailed quantification of species presence and cover within standardized
plots. Additionally, the Braun–Blanquet method is widely recognized for its robustness in
capturing variations in vegetation across different habitats, making it particularly suitable
for our study of diverse urban and rural interfaces in Romania. To enhance the robustness
and representativeness of the data, they were adapted with the traditional Braun–Blanquet
method using varying plot sizes to accommodate different communities and densities,
ensuring that both sparse and dense plant communities were adequately represented. The
data collected included various parameters such as locality, altitude, slope aspect, plot area,
total vegetation cover, and species abundance, assessed using the Braun–Blanquet scale.

Taxonomic identification of plant species followed the standards set by World Flora
Online [26]. In addition, we referred to the national literature to incorporate region-specific
knowledge but also used our own expertise [27]. The research focused predominantly on
the class Galio-Urticetea for the species [28,29]. To streamline the analysis of a substantial
volume of survey data, we employed a synoptic table featuring constancy values expressed
as percentages (see Table S1 List of ruderal plants). These values were coded into five
distinct categories, each representing a range: Class V: 81–100%, Class IV: 61–80%, Class III:
41–60%, Class II: 21–40%, and Class I: 1–20%. This categorization facilitated the utilization
of the dataset, which presented simplified frequency class values. The methodological ap-
proach allowed for a comprehensive and systematic assessment of vegetation communities,
enabling robust analysis and interpretation of ecological patterns and dynamics.

2.3. Data Analysis

Data collected by the Braun–Blanquet quantitative method were subjected to statistical
analysis without further transformation [25]. Species coverage in surveys was interpreted
about a percentage of the total area of 100%. Subsequent analyses used species number
and abundance.

The PAST 4.16c software [30] was used for statistical analysis. To analyze the ruderal
species community in both classes, several indices that emphasize different aspects of
community structure were utilized. The indices calculated include species richness (S),
dominance (D), the Shannon index (H), equitability (J), and the Morisita similarity index.
Dominance (D) Index.



Urban Sci. 2024, 8, 159 5 of 18

The dominance index ranges from 0 to 1, where a value of 0 signifies a community
where species are equally represented, and a value of 1 indicates a community dominated
by a single species [30].

D = ∑i

(ni
n
)2 (1)

where n is the total number of individuals (in this case, the cover degree), and ni is the
number of individuals (in this case, the cover degree) of species i.

Shannon Index (H): The Shannon index, which measures entropy, considers both the
number of taxa (species) and their abundance (cover degree). A Shannon index value of 0
indicates a community with a single species, whereas higher values indicate communities
with many taxa, each with relatively few individuals [30].

H = ∑i
ni
n

ln
ni
n

(2)

Equitability (J): Equitability, or evenness, provides insight into the uniformity of species
abundances within a community [30]. It was calculated using the following formula:

EH =
H

lnS
(3)

Morisita Similarity Index: To measure the similarity between pairs of communities,
we used the Morisita similarity index. This index ranges from 0 to 1, with a value of 0 indi-
cating no similarity and a value of 1 indicating complete similarity between communities.
The Morisita similarity index assesses the degree of similarity between different species
communities [30].

The diversity indices reveal the community structure of ruderal plants and the envi-
ronmental factors influencing them. This analysis has important implications and helps to
select suitable sites for collecting ruderal species. The main patterns of the plant commu-
nities were highlighted using the principal component analysis (PCA). The PCA analysis
was carried out with normalized data. We obtained a Legendre and Legendre’s correlation
biplot using the “Eigenval scale” in the PAST software, which scaled the eigenvectors by√

dk and the data points by 1/
√

dk [30].

3. Results

There were identified a total of 450 vascular plant species in 806 plots. These represent
our own data (2010–2020), as well as data from 30 years of literature (1972–2002) [31]. The
recorded species were predominantly herbaceous, constituting 97.11% of the total, with
shrubs accounting for 2.22% and trees for a smaller proportion of 0.67%. To simplify the
calculations, we divided the data into two groups. The surveys were analyzed and grouped
into distinct communities by assessing species composition and abundance. Dominant
species served as key criteria for grouping. The first group comprises 229 plots across
14 communities belonging to the order Lamio albi-Chenopodietalia boni-henrici Kopecky 1969,
while the second group includes 577 plots distributed over 25 communities belonging to
the order Convolvuletalia sepium Tx. ex Moor 1958.

Statistical Analysis of Studied Ruderal Communities

In the first group, the highest number of species was observed in community 4, repre-
senting 35.49% of the total number of species (Figure 3). This was followed by community
3 with 31.65% and community 11 with 26.13% of species. In contrast, communities 6 and 13
had the lowest number of species, contributing only 9.11% and 10.31%, respectively.
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Dominance index values for all communities were generally low, around 0 (Table S2
diversity indices). The highest dominance scores were recorded at community 6 (0.25) and
site 1 (0.17). In contrast, Shannon diversity index values were highest at communities 4
(5.18), 3 (5.10), 11 (4.88), and 7 (4.86), with community 4 showing the highest diversity of
all (Table S2). Community 6 showed lower diversity compared to the others. Equitability
index values ranged from approximately 1.009 to 1.069, with community 10 (1.06) and
community 2 (1.01) showing slight differences in equitability (Table S2).

The dendrogram revealed distinct clustering patterns that highlight similarities and
differences between communities (Figure 4). In particular, communities 14 and 6 form
distinct clusters separate from the rest of the communities. In contrast, communities 3 and
4, as well as communities 7 and 11, showed greater closeness, indicating greater similarity
between these pairs in the dendrogram.
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In the second group, community 16 had the highest number of species, accounting
for 32.10% of the total, followed by community 15 with 28.63% and community 8 with
25.16% (Figure 5). In contrast, communities 5 and 3 had the lowest numbers of species,
representing only 3.47% and 5.20% of the total, respectively.
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Several communities have low dominance index values between 0.01 and 0.02
(Table S2). In particular, a few communities, such as 8, 16, 1, 23, and 19, present even
lower dominance values, between 0.003 and 0.006 (Table S3, list of medicinal species).
Communities with high Shannon index values, including communities 16 (5.18), 15 (5.10),
and 8 (5.07), also present Equitability_J index values between 1.008 and 1.078 (Table S3).

The Morisita similarity index revealed distinct clustering patterns among the ana-
lyzed groups (Figure 6). In the dendrogram, community 6 appeared as a distinct cluster,
whereas communities 8 and 9, 15 and 16, and 19 and 23 showed notable similarities in their
clustering patterns.
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PCA analysis of cumulative data from groups 1 and 2 revealed five primary compo-
nents (Figure 7), with the cumulative eigenvalues of the first two components explaining
64.58% of the total variance in the original data.
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In the PCA biplot (Figure 8) plant species were consistently grouped within a single
cluster, as revealed by the PCA analysis.
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Figure 8. PCA biplot. M−soil moisture; N−soil nitrogen; R−soil reaction; L−light; and
T−temperature (T). Blue dots correspond to Group 2 species and red dots to both Group 1 and
Group 2.

Principal component 1 was positively influenced by soil moisture, soil nitrogen, soil
reaction light, and temperature (Table 1), and principal component 2 is positively in-
fluenced by soil moisture and soil nitrogen, while soil reaction and temperature had a
negative influence.
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Table 1. Principal components loadings. M—soil moisture; N—soil nitrogen; R—soil reaction;
L—light; and T—temperature (T).

Environment Index Principal Component 1 Principal Component 2

M 0.38619 0.53236
N 0.42751 0.37052
R 0.38224 −0.64835
L 0.49499 0.15559
T 0.52627 −0.36709

For each species in the studied communities, the literature was reviewed to determine
if they possess medicinal properties (Annex S3), contribute to phytoremediation (Table 2),
are suitable for green roof design (Table 3), or play a role in pollination.

Table 2. Ruderal species used in phytoremediation.

Species Use in Phytoremediation Reference

Achillea millefolium high Cd and Zn accumulation Antoniadis et al., 2021 [32]
Agrostis stolonifera subsp.

stolonifera
Hyperaccumulator Pb Reeves, R. and Baker, A., 2000 [33]

Arrhenatherum elatius
high Cd and Zn accumulation;

hyperaccumulation Pb
Antoniadis et al., 2021; Reeves, R.

and Baker, A., 2000 [32,33]
Artemisia vulgaris high Cd and Zn accumulation Antoniadis et al., 2021 [32]
Bromopsis inermis high Cd and Zn accumulation Antoniadis et al., 2021 [32]

Cannabis sativa

Removal of environmental
contamination by

phytoremediation Cd, Cr, Ni, Pb,
Fe

Kumar, Sanjeev et al., 2017 [34]

Chaerophyllum hirsutum high Hg levels in roots Bini et al., 2018 [35]

Eupatorium cannabinum
accumulated a high amount of As

in its roots
González et al., 2019 [36]

Galium mollugo high Cd and Zn accumulation Antoniadis et al., 2021 [32]
Lolium perenne Ni, Co, and Fe phytoextraction Kafle et al., 2022 [37]
Rumex acetosa Hyperaccumulation of Zn, Pb Reeves, R. and Baker, A., 2000 [33]
Silene vulgaris high Cd and Zn accumulation Antoniadis et al., 2021 [32]

Solanum nigrum Strong ability to accumulate Cd Yu et al., 2015 [38]
Stellaria holostea high Cd and Zn accumulation Antoniadis et al., 2021 [33]

Taraxacum sect. Taraxacum
suitable for phytoremediation of

Cd
Kano et al., 2021 [39]

Table 3. Ruderal species used in in green roof assemblages.

Species Use for Green Roof Reference

Achillea millefolium yes D’Arco et al., 2022;
Seyedabadi et al., 2021 [40,41]

Ajuga reptans cool, dry climate Erwin and Hensley, 2019 [42]
Antennaria dioica score 5 of 5 * Hawke R., 2015 [43]

Bellis perennis yes Seyedabadi et al., 2021 [41]
Calamagrostis epigejos yes Jacobs et al., 2023 [44]

Cichorium intybus yes Walters et al., 2018 [45]
Equisetum arvense yes Jacobs et al., 2023 [44]
Galium odoratum yes Seyedabadi et al., 2021 [41]

Galium verum score 4 of 5 * Hawke R., 2015 [43]
Geranium robertianum yes Jacobs et al., 2023 [44]
Leucanthemum vulgare score 3 of 5 * Hawke R., 2015 [43]

Lotus corniculatus yes Piana and Carlisle, 2015 [46]
Medicago lupulina yes Jacobs et al., 2023 [44]

Sonchus asper yes Jacobs et al., 2023 [44]
Sonchus oleraceus yes Jacobs et al., 2023 [44]

Teucrium chamaedrys yes Jacobs et al., 2023 [44]
Trifolium arvense yes Jacobs et al., 2023 [44]

* Ratings: five is excellent, four is good, and three is fair.
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4. Discussion

A total of 450 vascular plant species were identified in 806 plots belonging to 39 distinct
plant communities. These recorded species were predominantly herbaceous, constituting
97.11% of the total, with shrubs accounting for 2.22% and trees for a smaller proportion of
0.67%. We noted the absence or extremely low presence of trees and shrubs. According
to the literature, this indicates a simpler community structure dominated by herbaceous
plants [47]. These communities are adapted to environments with regular disturbances such
as grazing, mowing, or fire, which prevent woody plants from establishing. Herbaceous
plants usually have faster growth rates and reproductive cycles, allowing them to colonize
and dominate open areas quickly. The lack of taller vegetation increases light penetration
to the ground, further favoring the growth of herbaceous species [47,48].

These communities provide habitat for a diversity of species, particularly ground-
dwelling organisms and pollinators [49]. By supporting pollinators, the plants contribute to
the pollination of both urban flora and adjacent agricultural crops, enhancing biodiversity
and ecosystem resilience [50].

4.1. Statistical Results

High species richness and vegetation gradients from forests to ruderal communities
are significantly influenced by landscape structure and human activities, highlighting the
importance of suburban landscapes in biodiversity conservation [49]. In this study, the
number of species observed at each of the communities was noted and agreed with the ex-
planation provided by these authors. Diversity decreases with distance from the city center
due to non-native ornamental species, highlighting the need to protect and enhance urban
tree cover [51]. This explanation could also apply to the results of this study even though
the hypothesis by Jha et al. [17] was not followed. Wang et al. [18] suggested urbanization
impacts plant diversity, with overall plant richness, woody plants, and perennial grasses
showing positive associations, while annual grasses and diversity indices show negative
relationships. The low diversity values we found indicate low dominance, suggesting
that no single species overwhelmingly dominates any of the communities, indicating a
balanced distribution of species within communities, with some variation, but overall low
dominance within communities. The Shannon diversity index had high values for some
communities, indicating communities with a high number of species and lower cover,
which means higher species diversity. The high Shannon index values reflect a high num-
ber of species per site, each with a low frequency, highlighting the extensive biodiversity
present. Shannon index values were particularly high in some areas, indicating high species
diversity. These high Shannon index values imply a rich and varied species composition at
these communities, reflecting high biodiversity [49]. The values of the equitability index
varied within small limits, indicating a generally equitable distribution of species across
all 39 communities. This consistency implies a balanced ecological environment across all
communities, with small differences influenced by site-specific conditions or other factors.
In the dendrogram analysis, site 6 appeared as a distinct group, separate from the rest of
the communities, indicating a unique species composition or ecological profile. In addition,
communities 8 and 9, 15 and 16, and 19 and 23 showed greater proximity in the dendro-
gram, suggesting greater degrees of similarity in their species composition. This clustering
implies common ecological characteristics or environmental conditions between these site
pairs. The dendrogram based on the Morisita index provided valuable information about
site grouping, revealing both isolated communities and cohesive groupings.

Principal component 1 exhibited positive associations with soil reaction, temperature,
light, moisture, and soil nitrogen, and principal component 2 was positively influenced by
the light, moisture, and soil nitrogen but offset by a negative contribution from soil reaction
and temperature.

As previously mentioned, the plant communities studied demonstrated positive corre-
lations with soil response and soil nitrogen. These interactions between soil development
and vegetation, particularly during spontaneous succession in post-mining communities,



Urban Sci. 2024, 8, 159 11 of 18

can change significantly over time and are interdependent. Similar results have been
highlighted in other studies [16,49,52]. Temperature shows a positive correlation with
the plant communities studied, with findings from other research attributing this to cli-
mate change [14]. The complex interplay between ecological dynamics and environmental
changes is evident, as many alien species thrive in the warmer temperatures of cities. Light
is another factor showing a similar positive correlation. Consistent with our findings,
other studies suggest that early succession on nutrient-rich soils is driven by tolerance
due to life-history traits and inhibition due to low light [53,54]. Additionally, temporal
variability in disturbances, such as frosts, rainfall, soil disturbance, herbivore outbreaks,
or drought, can promote species richness by preventing competitive exclusion. The last
index, moisture, also shows a positive correlation on axis 1, with other studies validating
the results [55,56]. The negative contribution of soil reaction was also observed, which is
attributed to soil acidification. This aligns with findings from other researchers who confirm
that soil acidification can pose a significant threat to all plant species [57]. Furthermore,
there was observed the negative contribution of temperature, which can be explained by
the sensitivity to low-temperature communities, as the climatic envelope they occupy is
likely to disappear altogether [58].

4.2. Communities of Studied Ruderal Species

According to Mucina [28], part of the studied communities fall into the Epilobietea
angustifolii class. These comprise the semi-natural perennial tall grass vegetation found
along disturbed forest margins, nutrient-rich riparian margins, and forest clearings in
temperate and boreal areas of Eurasia. The inclusion of Galio-Urticetea in Epilobietea an-
gustifolii is a somewhat new approach, recognizing the ecological and floristic similarities
between ruderal communities, whether human-influenced or natural, on nutrient-rich,
moist soils. This idea, widely accepted in Central Europe [29,46], aligns with the description
by Mucina in Gors et T. Muller 1969 for Galio-Alliarietalia Oberd. comprising ruderal and
semi-natural thermophilic edge vegetation of short-lived grasses on nutrient-rich soils in
submontane and montane belts of sub-Mediterranean Europe [29]. Another part belongs to
the Mulgedio-Aconitetea class, characterized by tallgrass vegetation thriving in nutrient-rich,
moist, percolating water-fertilized habitats at high elevations in Europe.

The Lamio albi-Chenopodietalia boni-henrici Kopecky 1969 order, referred to as Circaeo
lutetianae-Stachyetalia sylvaticae Passarge 1967, belongs to Epilobietea angustifolii Tx. et
Preising ex von Rochow 1951, as we mentioned above [39].

Anyway, the order encompasses ruderal and semi-ruderal nitrophilous and mesophilous
phytocenoses [59], representing the mesophytic ruderal vegetation [60] and semi-natural
tall herb vegetation found in the mesophilous ruderal fringes and semi-natural tall herb
areas on nutrient-rich and base-rich soils of temperate cold and sub-Mediterranean Eu-
rope. Characteristic species include Aegopodium podagraria, Armoracia rusticana, Bryonia
alba, Chelidonium majus, Chenopodium bonus-henricus, Lamium album, L. maculatum, Aris-
tolochia clematitis, Geum urbanum, Glechoma hederacea, Inula helinium, Lapsana communis, and
Sambucus ebulus.

The Convolvuletalia sepium Tx. ex Moor 1958 order, also included in the Epilobietea
angustifolii class, encompasses semi-natural marginal vegetation found along the banks of
rivers and other water bodies in temperate Europe and the Mediterranean [61]. This group
includes riverbank weeds, characterized as micro-mezoterms. Characteristic species within
this order are Calystegia sepium, Cuscuta europaea, Cucubalus baccifer, and Senecio fluviatilis.

The findings of this study highlight the significant role that ruderal species play in
urban ecosystems. Molina et al. [62] found that plant communities indicate ecosystem
functions in urban areas, and to enhance biodiversity, carbon storage, and water regulation
in Mediterranean urban green spaces, management should prevent soil compaction. To
maximize their ecological benefits and to increase urban biodiversity, urban planners and
biodiversity managers can adopt specific recommendations [62]: Integrate ruderal species
into the design of urban green spaces: use information on species richness and functional
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traits of ruderal species to select plants that are highly resistant to disturbance and to
varying environmental conditions. For example, species with rapid germination [6], prolific
seed production, and tolerance to pollutants [4] may be prioritized in areas prone to intense
human activity or pollution.

Designing green spaces with a mix of ruderal species that can grow in different climatic
conditions includes selecting drought-tolerant species for areas experiencing water deficits
and flood-resistant species for regions susceptible to heavy rainfall [63]. Furthermore, the
inclusion of ruderal species in bioretention basins, rain gardens, and permeable pavements
improved water quality and mitigated urban flooding. Pille et Säume called for improving
building-level rainwater management measures and integrating them into city-wide ecolog-
ical planning to enhance urban green infrastructure and connectivity and provide multiple
environmental and socio-economic benefits [64]. Using ruderal plants in areas sensitive
to soil erosion, such as construction sites and urban slopes, can stabilize soil and increase
nutrient cycling [4], improving soil health and supporting other plant communities.

4.3. Assessing Multifunctional Benefits of Community Species

Ruderal species are rich in a diverse range of phytochemicals with significant curative
properties (Table S3). In this study, approximately 22% of the 450 plant species examined
are recognized for their medicinal properties, such as Achillea distans; Achillea millefolium;
Achillea setacea; Aegopodium podagraria; Bistorta officinalis; Chaerophyllum hirsutum; Cirsium
arvense; Linaria vulgaris; Taraxacum sect. Taraxacum; Persicaria hydropiper; Plantago major;
Plantago lanceolata; Plantago media; Pastinaca sativa; and Origanum vulgare [65–82].

Moreover, ruderal species can be effectively used in phytoremediation due to their
ability to absorb and accumulate heavy metals and other pollutants from contaminated
soils [32,39] (Table 2). Several species accumulate heavy metals such as Zn, Pb, and Cd.
Some of them are considered hyperaccumulators, such as Rumex acetosa, Arrhenatherum
elatius, and Agrostis stolonifera [33]. According to the literature, ruderal plants are good
candidates for improving urban green areas and remediating polluted soils due to their
adaptability and capacity to flourish in harsh environments.

The ability of ruderal species to survive high temperatures, light intensity, and low
rainfall, as well as their capacity to self-replicate, makes them a suitable candidate for green
roof design. Several species were already used in green roof assemblages (Table 3) [40–46],
such as Antennaria dioica, Galium verum, Calamagrostis epigejos, Medicago lupulina, Sonchus
asper, Sonchus oleraceus, Teucrium chamaedrys, Trifolium arvense, and Bellis perennis.

Furthermore, in the context of the ‘pollination crisis’ [44], maintaining plant diversity is
essential for restoring environmental balance. The diversity of food sources and the amount
of nectar and pollen provided by rudimentary species is significant for maintaining healthy
pollinator populations [83,84]. To examine these characteristics, the researchers studied a
different mix of wild flowering plants [63,85]. There are several ruderal plants that have
been observed to have a high intensity of insect visits, such as Anthyllis vulneraria, Ballota
nigra, Campanula rapunculoides, Capsella bursa-pastoris, Carduus acanthoides, Centaurea jacea,
Cirsium arvense, Cichorium intybus, Convolvulus arvensis, Daucus carota, Epilobium montanum,
Galeopsis pubescens, Geranium pratense, Hypericum perforatum, Lamium album, Linaria vulgaris,
Lotus corniculatus, Lychnis flos-cuculi, Melilotus albus, Melilotus officinalis, Oenothera biennis,
Origanum vulgare, Pastinaca sativa, Potentilla reptans, and Sonchus arvensis [84,85]. Pollinator
visitation depends on the quantity and quality of floral resources (nectar and pollen). In
particular, species with substantial pollen production, such as Artemisia vulgaris, Ballota
nigra, Carduus acanthoides, Cichorium intybus, Salix sp., and Taraxacum officinale, are known to
be excellent polleniferous, contributing substantial amounts of pollen [83]. A high diversity
of ruderal species is important for restoring pollinator biodiversity. In addition, frequent
occurrence and dense patches of ruderal flora contribute substantially to this process [83].
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4.4. Limitations and Broader Implications

In this study, we recognize some possible limitations of the results related to the
plots selected for the study that may not fully represent the diversity of urban and rural
interfaces in Romania. Also, there is a possibility that more accessible or visually diverse
communities may have been preferentially chosen, leading to a biased representation of
ruderal vegetation. On the other hand, the surveys were conducted in certain seasons
(spring and summer), which could have led to missing species that occur or are more visible
at other times of the year. Since the study is based on literature surveys over a time period of
30 years, it is evident that observations were made by different observers who have various
levels of expertise and perception, which led to inconsistencies in species identification and
data recording. This may affect data accuracy and reliability. The heterogeneity of the urban
environment implies that small-scale variations in microclimate, soil type, and human
activity have the potential to influence vegetation patterns. Ignoring such heterogeneity
leads to overgeneralized conclusions that cannot be applied to all urban contexts. Other
studies state that the complexity of the ecosystems makes it difficult to accurately represent
them in the plots, leading to variations in the measurement results [86].

Regarding the limitations of this study, we consider encouraging all observers to a
constant standard and performing inter-observer reliability tests could help to reduce the
errors that occur in future studies. The use of digital tools and apps for plant identification
can also provide a standardized approach to data collection.

The incorporation of fine-scale environmental data and the use of spatial analysis
techniques can also help account for spatial and environmental heterogeneity. Stratified
sampling based on environmental gradients can provide a more nuanced understanding of
urban vegetation dynamics.

Ruderal vegetation can be incorporated into urban parks, community gardens, and
greenbelts, creating natural areas for recreation and relaxation. Despite their often unkempt
appearance, many ruderal species have aesthetic appeal, such as wildflowers that add color
and variety to urban landscapes. Creating wildflower meadows or integrating flowering
ruderal plants into public spaces can improve urban aesthetics and provide a sense of
natural beauty in densely built environments. In this regard, Jim [87] stated that urban
green spaces that are well connected, forming a green network throughout the city, are
defining characteristics of naturalistic design.

The characteristics of ruderal species are related to their ability to colonize areas
affected by extreme weather events, such as floods, storms, and heat waves, and to survive
in disturbed environments. Their rapid growth and resilience can help stabilize and revive
urban areas after disturbance, providing immediate ecological benefits. Furthermore, these
species can contribute to urban cooling by providing shade and evaporative, mitigating
the urban heat island effect. This is particularly important as cities face more frequent and
intense heat waves due to climate change [88].

The results of this study were compared with similar studies in different geographi-
cal or climatic contexts: In Western Europe, studies have shown a similar dominance of
herbaceous species in urban ruderal communities, emphasizing their role in early succes-
sional stages and urban biodiversity. For example, research in Germany and the Nether-
lands [89,90] has demonstrated the ecological benefits of integrating ruderal vegetation
into urban planning to enhance biodiversity and ecosystem services.

Studies in tropical cities like Singapore and São Paulo [91,92] have found that ruderal
species contribute to urban resilience by rapidly colonizing disturbed areas and providing
green cover, which helps mitigate the impacts of heavy rainfall and high temperatures. In
cities located in arid regions, such as Phoenix (USA) [90], ruderal species are significant for
stabilizing soil and reducing erosion in areas with sparse vegetation.

4.5. Conservation and Urban Biodiversity

Integrating ruderal species conservation into broader urban biodiversity strategies
can provide both synergies and potential conflicts. Ruderal species can improve ecosystem



Urban Sci. 2024, 8, 159 14 of 18

services such as pollination, nutrient cycling, and habitat provision, complementing the
conservation of other urban biodiversity. Their presence can support pollinators [91],
creating a more robust and resilient urban ecosystem. The use of ruderal species in green
infrastructure projects, such as green roofs, walls, and rain gardens, can also enhance the
ecological value of urban spaces. These projects can provide multiple benefits, including
stormwater management, temperature regulation, and aesthetic improvements [92].

On the other hand, there may be conflicts between conserving ruderal species and
prioritizing ornamental vegetation, especially if ruderal species outcompete or displace
native plants. It is important to balance conservation of ruderal species with efforts to
protect and restore native biodiversity. Implementing management practices that favor
ruderal species, such as reduced mowing and minimal soil disturbance, may conflict with
traditional urban design preferences. Educating stakeholders and the public about the
ecological benefits of these practices can help mitigate conflicts. The findings of this study
are also supported by other authors who have argued that research on the intersection
between biodiversity, urban environment, and people is fundamental to developing urban
policies that balance urbanization with biodiversity conservation, recognizing that cities can
provide valuable opportunities to protect biodiversity across different land use types [93].

5. Conclusions

These studies highlight the dynamic interactions between plant communities, ur-
banization, landscape structure, and disturbance, providing valuable information for
biodiversity conservation and urban planning. The study found that herbaceous plants
dominate the identified vascular plant species, indicating a simpler community structure
typical of disturbed environments, with implications for soil stabilization and wildlife
habitat. The groups studied were characterized by ecological and floristic similarities
and included ruderal communities of the orders Lamio albi-Chenopodietalia boni-henrici and
Convolvuletalia sepium. The ruderal species, growing in disturbed environments, are rich in
phytochemicals with medicinal properties and can be used for phytoremediation and are
also known to accumulate heavy metals. They are also suitable for green roof design due to
their resistance to harsh conditions. In addition, maintaining the diversity of ruderal plants
is important for sustaining pollinator populations, as these plants provide essential nectar
and pollen resources, helping to restore pollinator biodiversity.

Furthermore, with more and more people living in cities, it is important to protect
urban wildlife. However, the study of urban ecosystems and their effects on conservation
is often lacking. Specific recommendations for biodiversity conservation in urban and
suburban landscapes include the implementation of policies that prioritize the conservation
and creation of green spaces, such as parks, community gardens, and green roofs, which
provide habitats for diverse plant and animal species. Conservation priorities should focus
on protecting ornamental vegetation, promoting the use of ornamental and ruderal species
in urban green infrastructure, and creating ecological corridors connecting fragmented
habitats. Management practices should emphasize reduced mowing, limited pesticide use,
and the development of species-rich grasslands to enhance urban biodiversity.

Policymakers should integrate ecological considerations into urban development
plans, ensuring that green spaces are designed not only for aesthetic and recreational
purposes but also for their ecological functions. A strong call to action urges urban planners,
policymakers, and the scientific community to recognize the critical importance of urban
biodiversity. Integrated approaches that consider ecological, social, and economic factors in
urban development are essential for creating sustainable and resilient urban environments.
By prioritizing biodiversity conservation in urban planning, the quality of life of urban
dwellers can be improved, and the health and sustainability of urban ecosystems can be
ensured [93].
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Conservation Recommendations

We recommend developing integrated management plans that include the conser-
vation of both ruderal and ornamental species, ensuring that the ecological functions of
ruderal species are exploited while protecting native biodiversity.

We also recommend involving the public in conservation efforts by raising awareness
of the ecological and social benefits of ruderal species. Community involvement can stimu-
late support for conservation initiatives and promote sustainable urban planning practices.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/urbansci8040159/s1, Table S1: List of ruderal plants;
Table S2: Diversity indices; Table S3: List of medicinal species.
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16. Čepelová, B.; Münzbergová, Z. Factors determining the plant species diversity and species composition in a suburban landscape.
Landsc. Urb. Plan. 2012, 106, 336–346. [CrossRef]

17. Jha, R.K.; Nölke, N.; Diwakara, B.N.; Tewari, V.P.; Kleinn, C. Differences in tree species diversity along the rural-urban gradient in
Bengaluru, India. Urb. For. Urb. Green. 2019, 46, 126464. [CrossRef]

18. Wang, M.; Li, J.; Kuang, S.; He, Y.; Chen, G.; Huang, Y.; Song, C.; Anderson, P.; Łowicki, D. Plant diversity along the urban–rural
gradient and its relationship with urbanization degree in Shanghai, China. Forests 2020, 11, 171. [CrossRef]

19. Kitazawa, T.; Ohsawa, M. Patterns of species diversity in rural herbaceous communities under different management regimes,
Chiba, central Japan. Biol. Conserv. 2002, 104, 239–249. [CrossRef]

20. Güler, B. Plant species diversity and vegetation in urban grasslands depending on disturbance levels. Biologia 2020, 75, 1231–1240.
[CrossRef]

21. Rega-Brodsky, C.C.; Aronson, M.F.J.; Piana, M.R.; Carpenter, E.-S.; Hahs, A.K.; Herrera-Montes, A.; Knapp, S.; Kotze, D.J.;
Lepczyk, C.A.; Moretti, M.; et al. Urban biodiversity: State of the science and future directions. Urb. Ecosyst. 2022, 25, 1083–1096.
[CrossRef]

22. Paltineanu, C.; Mihailescu, I.F.; Seceleanu, I.; Dragota, C.; Vasenciuc, F. Using aridity indices to describe some climate and soil
features in Eastern Europe: A Romanian case study. Theor. Appl. Climatol. 2007, 90, 263–274. [CrossRef]
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