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Abstract
In the current global context of increasing urbanization, urban greenspaces are expected to play a key
role in supporting ecosystem services. Spontaneous ruderal vegetation has an important function in
urban greenspaces, but more in-depth studies are needed to increase our knowledge of its contribution
to providing supporting ecosystem services. We aimed to uncover the contribution to biodiversity
maintenance, primary production and nutrient cycling of four selected plant communities that are widely
distributed in Mediterranean urban greenspaces, namely the perennial herb communities of Malva spp.,
roadside vegetation with Diplotaxis virgata, annual grasslands of Hordeum murinum subsp. leporinum
and perennial grasslands of Dactylis glomerata. We determined the floristic composition, species
richness, species density, abundance, alpha diversity (Shannon index, Simpson index), beta diversity
(Sørensen coefficient), plant species cover, cover of growth forms and cover of functional groups.
Macronutrient content was analysed in the leaves and roots of six plant species corresponding to the
faithful taxa of each vegetation type. We used the generalized linear model to relate vegetation type to
compositional and structural features supporting ecosystem services. Our results showed that
Mediterranean urban greenspaces have a high plant biodiversity. Roadside vegetation had the highest
species richness and alpha diversity, with a high cover of a S-accumulator plants (Diplotaxis virgata)
showing a high N content in their leaves. Annual grasslands had the highest abundance and cover of
silica-accumulator plants. The greatest floristic similarity was found between roadside communities and
annual grasslands. Primary production was high in perennial herbs of Malva species, which are rich in
mucilage and leaf N content. Dactylis glomerata, the dominant species in perennial grasslands, showed
a higher C content in leaves, so this vegetation type can be expected to make a higher contribution to C
cycling. We conclude that ruderal vegetation provides a range of supporting ecosystem services
according to the community type, which should be considered in the conservation and management of
Mediterranean urban greenspaces.

Introduction
About 57% of the world population lives in urban areas (The World Bank 2022) and the continued
expansion of these areas (Seto et al., 2011) is expected to produce major transformations of habitats
and the plant landscape. Urban greenspaces include a variety of permeable green patches such as
parks, gardens and others (Swanwick et al. 2003). In a context of global change, well-planned urban
green areas are expected to be an excellent agent for sustaining the underlying processes of supporting
services such as biological diversity maintenance, nutrient cycling and primary production (Dana et al.
2002; Zara et al. 2021).

A lower availability of greenspaces has been recorded in southern European cities (Kabisch et al. 2016);
in addition, in cities under a Mediterranean climate the maintenance of certain types of high water-
consuming greenspaces such as lawns represents an important challenge due to their considerable
maintenance costs (Castro and Ponte-e-Sousa 2012). In a context of global change, and with a greater
scarcity of water resources in certain areas such as the Mediterranean Basin where the effects of
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climate change are expected to be harsh (IPCC 2014), the increase in water consumption will be
unsustainable. Thus the maintenance of sustainable urban greenspaces and the knowledge of their
ecosystem services are especially important.

Urban areas are spaces with highly dynamic and heterogeneous structures; this is also true of the
services they supply (Sukopp and Werner 1983; Zipperer 2011; Vieira et al. 2018). The role of ruderal
vegetation, namely spontaneous plant communities associated with urbanized environments and not
intentionally propagated by humans (Sukopp and Werner 1983), is gaining special relevance in urban
environments since it provides significant ecosystem services without any maintenance (Robinson and
Lundholm 2012; Bianco et al. 2014; Guo et al. 2018). The presence of ruderal vegetation in cities allows
plant cover in areas with high levels of N and organic matter (Chocholoušková and Pyšek 2003; Tredici
2010; Guo et al. 2018; Kalarus et al. 2019). But far from being a homogeneous vegetation, ruderal
vegetation includes numerous plant communities that are distributed along soil disturbance gradients
(Molina et al. 2023; Bretzel et al. 2012), and are good descriptors and indicators of ecosystem services
(Vieira et al. 2018; Molina et al. 2023).

One of the most important ecosystem services supplied by urban spontaneous vegetation is the
maintenance of biodiversity (Robinson and Lundholm 2012; Bianco et al. 2014). The loss of urban
biodiversity may harm global biodiversity in the future, firstly because there will be an increasing
proportion of diversity in urban areas; and secondly, because the loss of connection with nature causes
the population to lose interest in its conservation (Dearborn and Kark 2010; Solecki and Marcotullio
2013). There is thus a need for a greater knowledge of spontaneous ruderal vegetation and its
contribution to maintaining biodiversity in cities (Zhao et al. 2022). Supporting services other than
biodiversity maintenance such as primary production and nutrient cycling and their relationships with
biodiversity are poorly known and present a promising field of research. The process of the matter-
biomass building and circulation, along with energy flow depends on many factors, including the crucial
vegetation species composition (Ryś et al. 2023). We aimed to determine the contribution to biodiversity
maintenance, primary production and nutrient cycling of four selected plant communities that are widely
distributed in urban habitats. The results of this work provide useful information to serve as a basis for
conservation and management policies in Mediterranean urban greenspaces.

Materials And Methods

Study area
This study was carried out in peri-urban areas of the city of Madrid (Spain) (Fig. 1). Madrid is located in
the centre of the Iberian Peninsula, at an average altitude of 655 m.a.s.l. The average annual temperature
is 15º C and the average annual precipitation is 421 mm (AEMET 2023). The bioclimate is Mediterranean
semi-continental, with cold wet winters and hot dry summers (Rivas-Martínez et al. 2017). The soils in
the study area can be classified as Anthrosols or Technosols (FAO 2014; Quintana et al. 2022). The city
has almost 3,300,000 inhabitants in an area of 604.5 km2 (INE 2023).
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Four greenspaces were selected on the outskirts of the city centre (Fig. 1), excluding the south of the
metropolitan area to avoid the gypsum substrates. These greenspaces are established on wastelands,
abandoned crop fields and landfills, where trees – often pine – and shrubs have been planted, and some
areas are irrigated to maintain lawns. Nevertheless, the main vegetation matrix comprises spontaneous
ruderal herbaceous plants, distributed in different habitats along gradients of soil disturbance (Molina et
al. 2023; Molina et al. 2024). These non-irrigated green areas are subjected to annual mowing to prevent
fires, which tend to occur in the dry summer season.

Sampling design and laboratory procedure
In each of the four greenspaces we studied four vegetation types to describe different ruderal habitats
that are common in Mediterranean cities. We selected two perennial and two annual communities (Dana
et al. 2002; Molina 2022). Sampling was carried out in the spring of 2023 (March-April) when the
communities reached their maximum development. The following communities were studied: (1) tall
perennial herbs (communities of Malva species, alliance Hordeion leporini); (2) annual medium-tall herb
communities on roadsides (association Papaveri rhoeas-Diplotaxietum virgatae, alliance Hordeion
leporini); (3) low annual grasslands (association Bromo scoparii-Hordeetum leporini, alliance Hordeion
leporini; and (4) low perennial grasslands (community of Dactylis glomerata, class Lygeo-Stipetea)
(RivasMartínez 1978; RivasMartínez et al. 2002). Hereafter these communities are called (1) perennial
herb communities, (2) roadside communities, (3) annual grasslands and (4) perennial grasslands. 

Three 1 m2 quadrats of each vegetation type at least 100 metres apart were surveyed in each
greenspace, thus resulting in a study of 48 1m2 quadrats across four greenspaces. In each quadrat,
plant species cover was estimated visually, always by the same observer to avoid bias, and the number
of individuals (abundance) in each plant species were counted. To determine the productivity, the
aboveground biomass of each plant species was collected, dried in an oven at 80°C until its mass was
stable, then weighed. 

Plant species were identified following Flora iberica (Castroviejo 2012). Each species was also assigned
to a biotype (Raunkiaer 1934), identifying the following four biotypes: therophytes, hemicryptophytes,
geophytes and chamaephytes. Species were also assigned to a functional group according to the
biogeochemical classification established in Valverde et al. (2020). The following functional groups were
identified: sulphur accumulators, N-fixers, N-compound-bearing, mucilage accumulators, terpenoid
accumulators and silica accumulators. Species were also classified as native or naturalized alien
species based on their geographical origin (Bot Mad et al. 2023). Nomenclature of plants used in the text
is according to World Flora Online (WFO, 2023).

All the above-mentioned data were used to determine the following variables for each plant community:
species density, abundance, alpha diversity (Shannon and Simpson indices), cover of biotypes and cover
of functional groups in each plant community. Beta diversity (Sørensen index) was calculated for each
pair of communities.
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The quantitative content of carbon, hydrogen, nitrogen and sulphur was determined by combustion in a
LECO CHNS-932, in leaves and roots of the most abundant plant species in each quadrat. Samples were
processed in the Elemental Microanalysis Unit at the Complutense University in Madrid.

Statistical analysis
We used generalized linear models (GLM) to relate vegetation type, here considered as a habitat
descriptor, to compositional and structural features related to ecosystem services such as biodiversity,
productivity and nutrient cycling. All analyses were performed with R: a language and environment for
statistical computing (R Core Team 2022), using the multcomp (v1.4-25, Bretz et al. 2023) and DHARMa
(v 0.4.6, Hartig and Lohse 2022) packages for the analyses. The figures were prepared with ggplot2
package (v3.5.0, Wickham et al. 2024) for graphics.

Results

Plant biodiversity
We recorded a total of 153 species belonging to 22 families. Asteraceae (39 species), Fabaceae (26
species), Poaceae (22 species), Caryophyllaceae (13 species) and Brassicaceae (8 species) were the
families with the highest number of species. Overall, 91% of the recorded species were native and only
2% were naturalized exotics.

Considering all the quadrats sampled, the most frequent plants were Hordeum murinum subsp.
leporinum (88% of samples present), Bromus rubens (67%) and Plantago lagopus (60%). The species
with the highest cover were Hordeum murinum subsp. leporinum (hereinafter referred to as Hordeum
leporinum) (21% average cover), Diplotaxis virgata (11%), Malva sylvestris (11%) and Dactylis glomerata
(9%). The percentage of cover of these species increased when considered in relation to the type of
community in which they dominate. Thus, Hordeum murinum subsp. leporinum reached an average of
53% cover in annual grasslands, Diplotaxis virgata 41% in roadside communities, Malva sylvestris 41% in
perennial herbs and Dactylis glomerata 34% in perennial grasslands.

Roadside communities had the highest species richness with 82 species, closely followed by perennial
grasslands with 81 and annual grasslands with 79. Perennial herb communities had the lowest richness,
with 59 species. GLM showed that perennial herbs had a significantly lower species density compared to
all the other communities (Fig. 2a). Significant differences in abundance were found between all plant
communities. Annual grasslands had the highest abundance followed by perennial grasslands, roadside
communities and finally perennial herbs with the lowest scores (Fig. 2b). Regarding diversity indices,
roadside communities showed significantly higher values for the Shannon index than perennial herb
communities, with the other two communities having intermediate values (Fig. 2c). In contrast, the
Simpson index showed a significantly higher value in perennial herb communities than in roadside
communities and perennial grasslands (Fig. 2d). The Sørensen index showed the highest similarity
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between roadside communities and annual grasslands, and a greater differentiation in diversity between
perennial herb communities with roadside communities and perennial grasslands (Table 1).

Table 1. Sørensen similarity index values for pairs of four plant-community types (roadside
communities, annual grasslands, perennial herb communities, perennial grasslands). A total of 12
plots were sampled per plant community

Sørensen index Roadside
communities

Annual
grasslands

Perennial herb
communities

Perennial
grasslands

Roadside
communities

1      

Annual grasslands 0.65 1    

Perennial herb
communities

0.50 0.58 1  

Perennial
grasslands

0.53 0.55 0.50 1

Biotype cover and plant biomass
Roadside communities showed a significantly lower cover in species than the rest, which can reach
100% cover (Fig. 3a). Perennial grasslands presented a significantly lower cover than annual grasslands,
while perennial herbs had intermediate values. As expected, therophytes had a significantly higher cover
in annual grasslands and roadsides compared to perennial communities (Fig. 3b). Perennial
communities were characterized by an important contingent of hemicryptophyte cover (Fig. 3c).
Chamaephytes had a significantly higher cover in roadside communities compared to perennial
grasslands (Fig. 3d). Plant biomass, a key regulating service, was significantly higher in perennial herbs
compared to perennial grasslands, with annual communities – roadside communities and annual
grasslands – reaching intermediate values (Fig. 4). This was similar to the pattern followed in the
Simpson index (Fig. 2d).

Cover of functional groups and plant C, N, S content
Regarding functional groups, perennial herbs had a significantly higher cover of plants with mucilage
than the others (Fig. 5a). Annual grasslands had a higher cover of N-fixing species compared to
perennial herb communities (Fig. 5b). Silica accumulator cover increased progressively from roadside
communities to perennial herbs, perennial grasslands and annual grasslands (Fig. 5c). Roadside
communities had a significantly greater cover of sulphur-accumulating plants than the other
communities (Fig. 5d).

Elemental leaf analysis of macronutrients revealed that C content increased progressively and
significantly from Malva species to Diplotaxis virgata, Hordeum leporinum and finally Dactylis glomerata
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(Fig. 6a). Leaf N content was significantly higher in Malva species and Diplotaxis virgata compared to
Hordeum leporinum and Dactylis glomerata (Fig. 6b). Leaf sulphur content was significantly higher in
Diplotaxis virgata than in Malva species and Dactylis glomerata, while Hordeum leporinum had
intermediate values (Fig. 6c). The gramineous species ‒ Hordeum leporinum, Dactylis glomerata ‒
showed a higher leaf C/N ratio than Malva species and Diplotaxis virgata (Fig. 6d).

Root C content was significantly higher in herbaceous species ‒ Diplotaxis virgata, Malva spp. ‒ than in
gramineous species – Hordeum leporinum, Dactylis glomerata (Fig. 7a). Dactylis glomerata had a lower
root N content than Malva species and Hordeum leporinum (Fig. 7b). Root sulphur content was
significantly higher in Diplotaxis virgata than in the other species (Fig. 7c). The roots of Hordeum
leporinum also had a higher sulphur content than Dactylis glomerata, while Malva species had
intermediate values between Hordeum leporinum and Dactylis glomerata. The roots of Diplotaxis virgata
had a significantly higher C/N ratio than those of Malva species and Hordeum leporinum, with Dactylis
glomerata showing intermediate values.

Discussion
Urban biodiversity will comprise an increasing proportion of the world’s repository of biodiversity in the
future (Faeth et al. 2011). Our study revealed that 5.9 x 10-7% of Madrid’s regional area, which we
sampled for our study, hosted 5.6% of its plant species richness (cf. López Jiménez 2007), and 2.4% of
the Iberian flora (cf. Aedo et al. 2017). This finding reveals the importance of Mediterranean urban
greenspaces in supporting the ecosystem service of biodiversity maintenance, and highlights the
importance of conserving urban biodiversity (Dearborn and Kark 2010; Beauvais et al. 2016; Panitsa et
al. 2020). The five largest families found in our study are consistent with those of the total Iberian
vascular flora (Aedo et al. 2017), and the urban local taxonomic composition at the family level was
consistent with the regional taxonomic pool. We also found a high proportion of native species,
indicating the high plant diversity present in Mediterranean urban grasslands (Kantsa et al. 2013; Filibeck
et al. 2016). Therophytes were the most abundant life form with the highest cover (79% of species,
74.7% average cover) throughout the study area. This growth form is best adapted to the Mediterranean
climate and its droughts (Benvenuti 2004; Midolo et al. 2024) and the best strategist in disturbed
habitats (Midolo et al. 2023).

The most common species throughout the study area (Hordeum leporinum, Plantago lagopus and
Bromus rubens) are characteristic of so-called sub-nitrophilous Mediterranean annual grasslands (Rivas-
Martinez and Izco 1977). The high cover of nutrient-demanding species such as Malva spp. and
Diplotaxis virgata in certain habitats (perennial herb communities, roadside communities) is related to
the greater availability of certain macronutrients such as N and P in the soil in comparison to other
ruderal habitats such as those dominated by Hordeum leporinum (Molina et al. 2023; Molina et al. 2024).
These differences between ruderal habitats support the various phytosociological order units, namely
Brometalia for ruderal vegetation on soils that are not excessively nitrified, and Chenopodietalia muralis
for ruderal nitrified soils (Rivas-Martinez and Izco, 1977; Mucina et al. 2016). Perennial grasslands
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characterized by Dactylis glomerata are not only considered a common plant species in natural
environments (San Miguel et al. 2009) but also in synanthropic habitats (Gros et al. 2023). Dactylis
glomerata is a widely distributed and taxonomically complex taxon (Horjales et al. 2008), pointing to the
interest of studying the taxonomic elucidation of urban populations.

Cities under a Mediterranean climate host a greater urban floristic diversity than those in other
temperate climates (Lubarda et al. 2023). A high heterogeneity in species composition is a key feature of
urban and peri-urban areas, as local spatial variation depends on factors such as land use and
management, parent material and land cover (Lorenz and Lal 2009; Norton et al. 2016). According to our
results, sub-nitrophilous annual grasslands supported the highest abundance (density of individuals),
and perennial herb communities had the lowest abundance and species density. A decreasing species
richness from annual grasslands to perennial herbs has previously been reported in Mediterranean cities
(Filibeck et al. 2016). Perennial herbs of Malva species have been associated with highly disturbed
habitats (Dana et al. 2002; Güler 2020), particularly with the high availability of soil nutrients and a rapid
and high demand for nutrients (Molina et al. 2023).

Cities are places with a high potential to address questions of evolutionary biology (Diamond and Martin
2021), and where the natural ecological succession can be studied to determine how the response of
ruderal vegetation relates to the disturbances caused by urbanization (Rivas-Martínez 1978, Zipperer
2011). Our study revealed that ruderal communities dominated by nutrient-demanding species are at the
opposite ends of the range of alpha diversity: specifically roadside communities with the highest value,
and perennial herb communities with the lowest. These communities also had a lower floristic similarity.
Annual grasslands showed a higher similarity value with the rest of the plant communities, as they
shared a higher number of species. We therefore hypothesize that annual grasslands constitute a
general herbaceous matrix in Mediterranean urban greenspaces, whereas perennial herb communities
and roadside vegetation correspond to successional stages related to different soil disturbances. Since
perennial grasslands showed a higher floristic dissimilarity with perennial herbs and roadside vegetation,
which are most closely related to more disturbed soils (Molina et al. 2023; Molina et al. 2024), we also
assume that perennial grasslands correspond to a successional stage towards a more established soil
(Fig. 8).

On a global scale, productivity is a poor predictor of plant species richness in herbaceous-dominated
plant communities (Adler et al. 2011). The effect of species composition diversity on the biomass level
is complex (Ryś et al. 2023). In the study of Mediterranean ruderal vegetation, we found that perennial
herbs of Malva species tended to have a higher biomass and lower species density. Vegetation type
influences the relationship between plant biomass and plant diversity with soil nutrients (Fayiah et al.
2019). Malva communities are constituted by an assemblage of dense tall herbs developed on soils with
a large amount of organic matter and nutrient availability (Molina et al. 2023, Molina et al. 2024), which
supports the positive correlation between soil nutrients and plant biomass, and the inverse relationships
between species richness and productivity at higher production levels found by Vermeer and Berendse
(1983). In contrast, the other perennial vegetation in the study, perennial grasslands, tended to have a
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lower biomass. They are dominated by the tufted grass Dactylis glomerata, and form open grasslands,
which may explain their lower biomass. The structure of the vegetation type, the plant habit of the
dominant plant species in the plant community and the soil nutrients may thus help to explain why
perennial herbs were found to be the main contributors to supporting ecosystem services related to
primary production.

According to our results, species participate differently in macronutrient cycles due to their different
macronutrient composition. Specifically, Malva species and Diplotaxis virgata showed higher N content
in their leaves than the other plants. Malva species have been mentioned as having a high N and protein
content (Ben-Simchon et al. 2019; Özbakır Özer and Aksoy 2019), and high levels of nitrate accumulation
have been reported in Diplotaxis spp. (Bianco et al. 1998). These physiological features may be
associated with a high availability of soil macronutrients where they develop (Molina et al. 2023), which
justifies their qualification as nitrophilous species (Gómez and Alcaraz 1993; Norton et al. 2016). The
high sulphur content we found in the leaves and roots of Diplotaxis virgata is due to the fact that
Diplotaxis species are major producers of glucosinolates, organic compounds containing sulphur and
nitrogen (D’Antuono et al. 2008; Branca and Cartea 2011). Diplotaxis communities have been related to
higher soil arylsulfatase activity (Molina et al. 2023). Since sulphate and nitrate ions in soils have been
suggested to have an inhibitory effect on soil arylsulfatase activity (Siwik-Ziomek and Koper 2010), it can
be inferred that arylsulfatase activity may be responsible for ensuring that there is enough sulphur
fraction available to plants. Malva and Diplotaxis species are thus important contributors in the N and S
cycles. Ruderal perennial grasslands of Dactylis glomerata develop on carbon-rich soils (Quintana et al.
in press). Based on our results, the dominant Gramineae species in both perennial and annual
grasslands had a higher C and C/N content in leaves and a lower C content in roots. Thus, a higher plant
contribution to the C cycle is likely to occur in these habitats.

Conclusions
Supporting ecosystem services provided by ruderal urban vegetation were related to the plant-
community type. We found that Mediterranean urban greenspaces maintain a high plant biodiversity in
ruderal vegetation. Specifically, roadside communities had the highest species richness and alpha
diversity; and annual grasslands showed the highest abundance. The greatest similarity was specifically
found between roadside communities and annual grasslands, highlighting the important contribution of
these habitats to maintaining biodiversity in Mediterranean cities. According to our results, perennial
herb communities accounted for the main contribution to primary production. The contribution of ruderal
vegetation to macronutrient cycles may be related to that of the dominant species. Thus, perennial forbs
of Malva species and roadside communities of Diplotaxis virgata were the main contributors to the N
cycle, and the latter also to the S cycle. Perennial grasslands of Dactylis glomerata and annual
grasslands of Hordeum leporinum showed a greater contribution to the C cycle.
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Figure 1

Location   of the study area (Spain) (upper right square). Location of the sampling   plots in four study
greenspaces in Madrid city: Ciudad Universitaria (CU),   Pinar Conde de Orgaz (PC), Parque de La Elipa
(LE) and Casa de Campo (CC). Each   colour represents a community: perennial herb communities (pink),
roadside   communities (yellow), annual grasslands (green) and perennial grasslands (blue)
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Figure 2

Species density (a), abundance (b), Shannon index (c) and Simpson   index (d) in four community types
(perennial herb communities, roadside   communities, annual grasslands and perennial grasslands).
Letters indicate   significant differences between communities (GLM with a Tukey test,   P<0.05)
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Figure 3

Total vegetation cover (a) and cover per biotype: therophytes (b), hemicryptophytes (c) and
chamaephytes (d) in four community types (perennial herb communities, roadside communities, annual
grasslands and perennial grasslands). Letters indicate significant differences between communities
(GLM with a Tukey test, P<0.05)
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Figure 4

Biomass in four community types (perennial herb communities, roadside communities, annual
grasslands and perennial grasslands). Letters indicate significant differences between communities
(GLM with a Tukey test, P<0.05)
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Figure 5

Cover of (a) mucilage-accumulating species, (b) N-fixer species, (c) phenolic compound accumulators,
(d) silica-accumulating species and (e) sulphur-accumulating species in four community types (perennial
herb communities, roadside communities, annual grasslands and perennial grasslands). Letters indicate
significant differences between communities (GLM with a Tukey test, P<0.05)
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Figure 6

Carbon (a), nitrogen (b), sulphur (c) content (%) and C/N ratio (d) in leaves of the four most common
species: Malvaspp., Diplotaxis virgata, Hordeum murinum subsp. leporinumand Dactylis glomerata.
Letters indicate significant differences between communities (GLM with a Tukey test, P<0.05)



Page 21/22

Figure 7

Carbon (a), nitrogen (b) and sulphur (c) content of roots (%) and C/N ratio of roots (d) of the four most
common species: Malva spp., Diplotaxis virgata, Hordeum murinum subsp. leporinum and Dactylis
glomerata. Letters indicate significant differences between communities (GLM with a Tukey test, P<0.05)
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Figure 8

Representation of the four communities studied (roadside communities, perennial herb communities,
annual grasslands and perennial grasslands) with the most representative species


