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communities in urban grasslands
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The development of urban areas now requires the integration of biodiversity
issues, and this leads to better consideration of their seminatural habitats. Among
these habitats, urban grasslands subjected to mowing management practices are
commonly promoted over lawns to enhance biodiversity in cities. Despite their
ecological value, relatively little attention has been paid to the effects of urban
grassland management regimes or the landscape contexts of these habitats in
terms of biodiversity. This study aims to investigate the effects of mowing
practices and the landscape context of urban grasslands on species diversity
and composition and the ecological strategies of plant communities. In this
study, 66 sites (mown grasslands) were selected in the Angers and Rennes
conurbations of western France according to their management practices
(regarding mowing) and landscape gradient (more or less urbanized). The
results show that mowing practices and landscape composition did not affect
the richness or diversity of plant species but significantly influenced the
composition of communities. Partitioning analysis showed that landscape
composition explained twice as much of the variance in plant species
composition as mowing practices did. Landscape composition favors plant
species according to their strategies, preferential habitats, and life spans.
Furthermore, diversification of management practices limits the establishment
of nonnative species and induces a wider range of functional strategies, as late
mowing favors competitors and disfavors stress-tolerant species. Nevertheless,
management practices need to be put into perspective in the context of urban
grasslands. Thus, this research brings new perspectives to recommendations for
the management of urban green spaces.
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1 Introduction

Among seminatural habitats in Europe, grasslands present
important challenges for biodiversity conservation (Lindborg
et al, 2008; Napoleone et al., 2021), especially due to their high
species richness (Habel et al., 2013). In contrast to agricultural
grasslands, urban grasslands remain understudied (Cochard et al.,
2019) in spite of their contribution to urban biodiversity
(McKinney, 2002; Fischer et al., 2013; Vega and Kiffer, 2021;
Mugnai et al,, 2023). Urban grasslands also provide valuable
ecosystem services such as improvement of human well-being
(Wu, 2014), climate regulation, or recreational use (Zhao et al,
2020). The practical application of these services takes the form of
nature-based solutions, such as the implantation of grasslands to
reduce urban heat islands (Zhao et al., 2020). Urban grasslands are
associated with different uses because their establishment results
from various urban planning choices (e.g., parks, residential areas,
land reserves, derelict areas) or constraints (e.g., flood-prone areas,
roadsides) (Klaus, 2013). Urban grasslands can be defined as
seminatural herbaceous green spaces located in moderately to
strongly urbanized areas and managed by city stakeholders.
Unlike other herbaceous green spaces in cities, such as lawns,
urban grasslands are characterized by relatively low-intensity
management practices that aim to limit the establishment of
bushes and woody plants (Politi Bertoncini et al., 2012), maintain
open herbaceous habitats for biodiversity, and promote seminatural
aesthetic elements in cities. The most common type of urban
grasslands are urban meadows, managed by mowing (Humbert
et al, 2012; Klaus, 2013) and neither fertilized nor sprayed with
pesticides. Because of the absence of productive goals, urban
grasslands tend to be mowed late in the season, but management
choices by stakeholders regarding the timing and frequency of
mowing may vary widely, depending on their objectives.

Recent changes in urban management practices, especially the
generalization of lower-intensity management, have been developed
ahead of scientific knowledge and bring new questions about the
effects of low-intensity management of urban herbaceous spaces on
plant biodiversity (Aronson et al, 2017). Regarding mowing,
beneficial effects can be expected from moderate disturbance
frequency (e.g., a maximum of two cuts per year), as this is
known to maintain relatively high plant species richness (Parr
and Way, 1988; Bakker et al., 2002). However, most studies still
compare the biodiversity of contrasting types of urban green spaces
rather than focusing on urban grasslands per se (Sehrt et al.,, 2020).
In other types of herbaceous habitats, the effect of mowing
frequency has mainly been studied by comparing lawns, which do
not harbor much biodiversity due to their intensive management
(Klaus, 2013), to urban grasslands (Norton et al., 2019; Sehrt et al.,
2020). Urban grasslands with reduced mowing frequency were
found to harbor higher plant species richness and the occurrence
of typical meadow species when compared with intensively
managed lawns (Sehrt et al., 2020). To our knowledge, the impact
of mowing timing on urban grasslands also remains
underinvestigated. In agricultural grasslands, late mowing is
known to allow plant species to produce more seeds (Smith et al.,
2002; Leng et al., 2011; Chaudron et al., 2016) and to complete their
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life cycle (Jantunen et al., 2007), which could favor competitive
strategies (Johansen et al., 2019). However, existing literature has
found contradictory effects of late mowing on biodiversity. It can
affect species richness either negatively if delayed from spring to fall
or positively if delayed from spring to summer (Grime, 2001;
Humbert et al,, 2012; Chaudron et al., 2016). There is thus a gap
in the body of knowledge regarding the effects of the diverse
mowing regimes applied by city stakeholders, in terms of both
frequency and timing, on the diversity of plant communities in
urban grasslands.

Beyond the effects of local management practices, the flora of
urban grasslands is also likely to be influenced by their landscape
context. Urbanization (defined as the process of growth and
densification of urban areas) is now considered one of the major
threats to biodiversity (Foley et al, 2005; Grimm et al., 2008).
Urbanization induces several mechanisms, including habitat
destruction, that cause the fragmentation and spatial isolation of
remnant habitat patches (Williams et al, 2009; Aronson et al,
2017). Such changes have been found to decrease the frequency and
abundance of native plant species (Hooftman et al., 2021) in favor
of exotic species (Thompson and Jones, 1999; Smart et al., 2005;
Hahs et al., 2009). For urban grasslands, although the degree of
spatial isolation of grasslands did not appear to induce changes in
the composition of plant communities (Cochard et al., 2017), the
high occurrence of buildings and other impervious surfaces in the
urban matrix was found to increase the risk of extinction for native
species (Williams et al., 2006). High degrees of urbanization in the
landscape context of urban grasslands are likely to affect their flora
through the deleterious impacts of pollution (chemical and light)
and human preferences (e.g., the introduction of exotic species)
(McDonnell and Pickett, 1990; Williams et al., 2009). This leads to
the selection of perennial plant species and species adapted to
human disturbances (Hill et al., 2002; Lososova et al., 2006;
Godefroid and Koedam, 2007). Moreover, studies have shown
that plants in urban contexts tend to be more tolerant of, or
favored by, high soil fertility and alkalinity (Knapp et al., 2009;
Williams et al., 2015; Tautenhahn et al., 2008; Hill et al., 2002;
Pysek, 1995; Roy et al., 1999). Thus, identification of the drivers of
plant species diversity in urban grasslands requires not only
consideration of the local management regimes applied by
stakeholders but also of the degree of urbanization in the
landscape context of grasslands.

Therefore, the goal of the present paper is to investigate the
effects of management regimes (mowing) and landscape
composition along a rural-urban gradient on plant communities
in urban grasslands. More specifically, our objectives are (1) to
investigate the effects of management regimes (mowing date and
frequency), the urban matrix composition in urban grasslands’
landscape context, and the relative influence of these two drivers
on plant species composition and diversity in urban grasslands, and
(2) to examine the effects of management regimes and landscape
context characteristics on plant species richness and plant strategies.

Based on the literature, it is expected that urban grassland plant
communities may vary in richness, diversity, and composition
according to both management practices and landscape
composition. However, management practices are expected to be
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more likely to affect communities by favoring species according to
their ecological strategies, while landscape composition should
favor species according to their life span and their preferential
habitat. Furthermore, we expect to find few nonnative species
(Albrecht and Haider, 2013; Cochard et al., 2019).

2 Methods
2.1 Studied areas

The study was carried out in two urban areas of western France:
Angers (47°28'N, 0°33'W) which covers 667 km® and contains
302,000 inhabitants, and Rennes (48°06’'N, 1°40’'W), which covers
705 km” and contains 460,000 inhabitants (INSEE 2022 https://
www.insee.fr) in the “Zone Atelier Armorique”. Both urban areas
belong to the Armorican massif and are characterized by a
temperate oceanic climate (average annual rainfall in Rennes:
677 mm, Angers: 668 mm; average annual temperature in
Rennes: 11.7°C, Angers: 11.9°C). In the two cities, the bedrock is
acidic (mainly schist and altered granite). The two cities consist of a
high-built town center surrounded by low-built suburban areas, in
which seminatural areas (woodlands, rivers and lakes, grasslands,
and green spaces) are present. The cities are embedded within a
landscape of hedgerow networks connecting mosaics of annual
crops, grasslands, woodlands, and hedges.

2.2 Selection of sampling sites

Urban grasslands were selected in the two urban areas with the
aim of sampling grasslands distributed along a landscape gradient
more or less urbanized and characterized by contrasting
management regimes with regard to mowing practices. The
procedure used to select the sampled grasslands is described in
the following sections.

2.2.1 Characterization of the rural-urban gradient

Land-cover maps of the two conurbations were produced using
QGIS software (different versions from 2020 to 2022, http://
qgis.org), using French public spatial databases and satellite or
aerial images to obtain similar information for both cities. First, we
collected vector data of buildings, roads, forests, woods, hedgerows,
and water land cover from the high-resolution BD TOPO 3-0%
database (IGN, 2018) and vector data for agricultural land uses
(crops, temporary and permanent grasslands) from the Graphical
Parcel Register database (RPG, 2018; www.data.gouv.fr). To classify
the unassigned surfaces, we calculated the Normalized Difference
Vegetation Index (NDVI) from SPOT 6-7 satellite images and
infrared aerial images: higher values were considered to indicate
herbaceous surfaces and lower values to indicate bare soils or
mineral surfaces.

These different maps were merged to produce the final
continuous land-cover maps of the two conurbations. The
proportion of buildings and road surfaces is a common proxy for

Frontiers in Ecology and Evolution

10.3389/fevo.2023.1151913

urbanization (Hill et al., 2002; Géron et. al., 2021). Thus, all
buildings, road surfaces, and other nonvegetated areas were
grouped and considered “impervious surfaces”. The map of
impervious surfaces was then rasterized at 5 m x 5 m resolution.
Moving window analysis was then used to characterize pixels
according to the proportion of impervious surfaces in their
landscape context (across a 500-m buffer area) in the two urban
areas using CHLOE software (Boussard and Baudry, 2017). This led
to the production of a final map (at 5 m x 5 m resolution) where the
value of each pixel corresponded to the proportion of impervious
surfaces in its surroundings. This map was used to characterize the
landscape gradients in the two conurbations (Figure 1).

We also calculated the proportions of three other land-cover
classes, i.e., crops, woody, and herbaceous surfaces, to describe the
two urban areas. To characterize artificial habitats other than
impervious surfaces, annual crops and temporary agricultural
grasslands were grouped into “crops”. Permanent grasslands and
other nonagricultural surfaces (i.e., wastelands, herbaceous green
spaces, and roadsides) were grouped as “herbaceous surfaces”
(Cochard et al,, 2019; Pithon et al., 2021). Forests, woods, and
hedgerows were grouped as “woody surfaces”.

2.2.2 Survey of management regimes on
urban grasslands

Interviews with city green space managers of the two urban
areas were performed in order to identify the management practices
they use for mowed urban grasslands (grazed grasslands were
excluded) and to identify potential sites for sampling. Three
management practices that are commonly applied on urban
grasslands were retained in this study: one late mowing a year
(1ILM) performed after July to achieve biodiversity goals, one early
mowing a year (1EM) between May and July, and mowing twice or
three times a year (23M) with the first mowing between May and
July. Subsequently, 149 potential sites were identified where one of
these management practices was applied.

2.2.3 Site selection

By crossing data on grassland management regimes and the
map of landscape gradient in the two conurbations, 66 mowed
grasslands (Figure 2) managed by cities were selected: 36 in the
Angers area and 30 in the Rennes area. Selected grasslands were
distributed along a gradient of impervious surfaces ranging from 2%
to 83% at 500 m. In total, 24 of the selected grasslands were under a
1EM management regime, and 21 grasslands were under 1LM or
23M management regimes. Only grasslands larger than 0.5 ha with
fixed management for at least 5 years were selected to avoid the
effects of recent perturbations. We also excluded wet habitats to
restrict the study to grasslands under mesophilic conditions.

In order to ensure independence between management
practices and landscape context characteristics during site
selection, a Tukey’s test was performed to test for differences in
the proportions of impervious, woody, herbaceous, and cropped
surfaces according to mowing management regimes. No significant
differences were found (Figure 3).
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FIGURE 1

Geographical location of the two study areas and the studied grasslands with indications of management practices (mown two or three times a year
(23M), mown early once a year (1EM), and mown late once a year (1LM)). Proportion of impervious surfaces was calculated in a 500-m radius around

5*5 m grids.

2.3 Vegetation survey and
landscape characterization

2.3.1 Vegetation survey

In each selected grassland, five plots (330 plots in total) of 8 m?
(2 m by 4 m) were defined with at least 5 m between each plot and from
the grassland edges. In each plot, all plant species were recorded using

FIGURE 2
Photo illustrating examples of the grasslands studied.
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the nomenclature defined by Tison and de Foucault (2014). An
adjusted Braun-Blanquet scale method (Braun-Blanquet, 1932; Van
der Maarel, 2005) was used to estimate species abundance in each plot.
The fieldwork was performed in May 2021 in Angers and May 2022 in
Rennes, before the first mowing of the grasslands.

Beyond the effects of mowing practices and landscape context
on species richness and diversity, studying functional composition

=)
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FIGURE 3

Comparison of four land-cover proportions (impervious surfaces, crops, woody surfaces, and herbaceous surfaces) within a 500-m radius of grasslands
according to their management practices (mown two or three times a year (23M), mown early once a year (1IEM), and mown late once a year (1LM))
Tukey's test did not show any significant differences in the proportion of each land-cover type between management practices (p-value > 0.05).

helps to facilitate an understanding of how plant communities
respond to these variables. Thus, we collected information on plant
traits and adaptive strategies. First, we collected competitor/stress-
tolerator/ruderal (CSR) strategies for each species according to the
database provided by Grime et al. (1988). We transformed CSR
strategies into three variables that corresponded to the coordinates
of each plant species in Grime’s triangle: competitors (C), stress
tolerators (S), and ruderals (R). A habitat preference, adapted from
Julve’s (2015) categories, was assigned to each species. Species
characterizing meadows and grasslands (including swards or
lawns) were considered grassland species, and those related to
wastelands and crops were considered anthropogenic habitat
species (Klotz et al,, 2002). Finally, for each species, Ellenberg
scores for reaction, nitrogen, and light were extracted from Julve’s
(2015) database.

2.3.2 Landscape characterization

Using land-cover maps of impervious surfaces and other land
covers, the landscape context of each plot was described across a
circular buffer with a 500-m radius according to the proportions of
impervious surfaces (mean = 41%, SD = 17%, range from 2% to
83%), woody surfaces (mean = 16%, SD = 8%, range from 4% to
37%), crops (mean = 8%, SD = 11%, range from 0% to 55%), and
herbaceous surfaces (mean = 31%, SD = 10%, range from 10%
to 69%).

In addition, these four landscape metrics were calculated across
circular buffers with radii of 250 m and 1,000 m. However,
landscape metrics were highly correlated among the three radius
sizes (Spearman correlation rs > 0.7; Supplementary Figure S1),
suggesting high redundancy between the three spatial scales. For
this reason, only the scale of 500 m was used in analyses, as it was
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found to optimally reflect the responses of plant communities to
landscape structure (Jackson and Fahrig, 2012; Jackson and
Fahrig, 2015).

2.4 Statistical analysis

2.4.1 Analyses of the composition of
plant species assemblages

Canonical correspondence analysis (CCA) was performed on
plant assemblages of the sampled plots to scale to test the effects of
management type (one late mowing, one early mowing, and two to
three mowings) and the four calculated landscape characteristics
(proportions of impervious, cropped, woody, and herbaceous
surfaces across a 500-m buffer area). This multivariate method is
appropriate for measuring variation in plant species assemblages
according to their environment (Ter Braak, 1986). To limit the strong
effect of rare species, only species detected in more than 5% of plots
were retained in the analyses. First, a separate CAA was undertaken
to test each management and landscape variable individually.
Correlations between significant variables (p-value < 0.05) were
checked using the Pearson method to avoid multicollinearity. No
variables were highly correlated (r < 0.7). Subsequently, variance
partitioning was performed using partial CCA in order to evaluate the
relative contribution of mowing practices and landscape metrics. The
forward selection procedure was used to select significant mowing
and landscape variables (p-value < 0.05) (Leps and Smilauer, 2003).
To avoid site effects, sites were computed as block factors (a block of
five replicates per grassland). All variables were significant in the
global CCA. All CCAs were performed in CANOCO 5 (Ter Braak
and Smilauer, 2012).
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2.4.2 Analyses of species diversity, plant
traits, and strategies

Generalized linear mixed models (GLMM) were used to test the
effect of management type (one late mowing 1LM; one early
mowing 1EM; two or three mowing 23M) and the same four
landscape variables (proportions of land cover types) as in the
CCA on plant species diversity (species richness and Shannon
diversity index) as well as plant functional traits and strategies
(CSR mean score, mean trophic level and species richness for
habitat preferences and life span). The CSR score and Ellenberg
index were weighed by abundance. The GLMMs were run using the
Imer function of the Ime4 package (Bates et al., 2015). Simple effects
were tested in all models at the plot scale. Sites and urban areas were
used as random effects in the models. Landscape metrics were
standardized (mean = 0, SD = 1) in order to compare the effect
strength (or relative importance) of the coefficients across variables.
All independent variables respected the Gaussian distribution
except for the proportion of crops that were log-transformed. For
each plant variable, an averaged model was produced using the
MuMin package (Barton, 2009); this included all models with delta
AICc values lower than 15. We checked for multicollinearity in the
models using the variance inflation factor (VIF) and the
performance package (version 0.10.0, Liidecke et al, 2021). The
proportion of wood was excluded in the models, as this variable led
to a high VIF (> 5). Visual inspection of residual plots did not reveal
any obvious deviations from homoscedasticity or normality.

3 Results

3.1 Overall characteristics of plant
communities in urban grasslands

A total of 153 species were observed in the 330 plots. The most
common species were Holcus lanatus L. (85%), Dactylis glomerata

10.3389/fevo.2023.1151913

L. (67%), Arrhenatherum elatius L. (65%), and Rumex acetosa L.
(60%). Only three exotic species were found: Oenothera sp. (1%),
Briza maxima L. (0.6%), and Hordeum vulgare L. (0.3%). The mean
species richness found in 8 m” plots was 15.4 (SD = 4.13, max = 34,
min = 6). The cumulative mean species richness in each grassland
plot was 29 (SD = 7.05, max = 52, min = 11). The most abundant
species were Holcus lanatus L. (frequency of 51% with a plot
abundance higher than 25%), Arrhenatherum elatius L. (36%),
Anthoxantum odoratum L. (18%), and Dactylis glomerata L. (18%).

3.2 Effects of management regimes and
landscape variables on the composition of
species assemblages

The arrangement of the 59 most frequent species along the two
first axes of the CCA is shown in Figure 4. The forward selection
procedure included the four land-cover proportions in the
landscape group of the variance, partitioning CCA and mowing
practices into a second group. The first two axes explained 39.5% of
the relationships between plant species assemblages and
environmental variables. All selected environmental variables
explained 19.2% of the total variation. The first axis opposed
plots surrounded by a high proportion of impervious surfaces
within 500 m to plots mowed early and surrounded by high
proportions of woods and herbaceous surfaces within 500 m.
Plots surrounded by a high proportion of impervious surfaces
were characterized by several grasses (i.e., Avena barbata Pott.,
Trisetum flavescens L., and Vulpia bromoides L.) and typical
grassland dicotyledons such as Vicia sativa L. and Mpyosotis
discolor Pers. Daucus carota L., while plots surrounded by a high
proportion of woods and herbaceous surfaces were characterized by
a wood species, Stellaria graminea L., and many frequently
occurring grasses (Holcus lanatus L., Anthoxanthum odoratum L.,
Poa pratensis L. and Bromus hordeaceus L.).
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FIGURE 4

Biplot of canonical correspondence analysis representing environmental variables selected by the forward selection procedure and plot position
(left) and a scatterplot of the 20 most influential species (right). For full names, see Supplementary Table S1. Arrows represent continuous landscape
variables ("Proportion of Imper” for impervious surfaces, “Crops” for crop surfaces, “"Wood" for woody surfaces, and "Herb" for herbaceous surfaces),
and the red triangle represents mown variables (mown two or three times a year (23M), mown early once a year (1EM), and mown late once a year
(1LM)) resulting from the forward selection procedure as shown. The color of the plots corresponds to mowing practices (23M plots in dark blue,

1EM plots in green, and 1LM plots in light blue).
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The second axis was related to management practices and
opposed plots under late mowing regimes to plots that were
mowed two or three times a year. It also distinguished
agricultural landscape contexts from landscapes with high
proportions of herbaceous and woody surfaces, independently of
the proportion of impervious surfaces (Figure 4). No grasses were
associated with late mowing, but some species occurring in
wastelands were found (Cirsium arvense (L.) Scop., Rumex crispus
L.). Grasslands mowed only once early in the year were associated
with the typical grassland species Poaceae (Holcus lanatus L.,
Anthoxanthum odoratum L., Poa pratensis L., and Bromus
hordeaceus L.), while grasslands mowed two or three times a year
were associated with lawn species (Hypochaeris radicata L. and
Plantago lanceolata L.).

Variance partitioning showed that landscape context explained
13.2% (p-value < 0.01) of the total variance, while management
practices explained 5.7% (p-value < 0.01) of the total variance
(Figure 5). This represents, respectively, 68.6% and 29.7% of the
explained variance. The interaction between landscape and
management variables explained less than 1% of the total variance.

3.3 Effect of management type and
landscape characteristics on species
diversity indices and on plant strategies

GLMM did not show any significant effect of management
practices or landscape composition on species richness, Shannon
index, Ellenberg index, or life form species richness (Supplementary
Table S2).

The GLMM performed for plant strategies showed a significant
effect of management type on plant CSR scores (Table 1). Scores for
competitors in late-mown grasslands (1LM) were 8% higher than in
early-mown grasslands (1IEM) and 11% higher than in grasslands
that were mowed two or three times a year (23M) (Figure 6). Late-

Less than 1% of interaction

* ok
. * %

Landscape:: Management :
13,2% of total 5,7% of total
variance VR

. (29,7% of
(68,6% of explained explained
variance) RElanCS

FIGURE 5

Venn diagram representation of CCA variance partitioning due to land-
cover proportion and mowing practices. Both landscape and
management variance explanations were significant (**: p-value < 0.01).
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mown grasslands also contained fewer stress-tolerant species than
early-mown grasslands and grasslands which were mowed two or
three times a year (Figure 6). No significant difference was found
between early mown grasslands and grasslands mown twice or three
times a year for both stress-tolerant and competitor plant species
(Table 1). Management type did not have significant effects on
ruderal score, the species richness of grassland and anthropogenic
habitats, or the species richness of annual species.

GLMM also showed a significant response of plant CSR scores
to two landscape variables (Table 1). A higher proportion of
impervious surfaces within a 500-m radius resulted in more
ruderal plant species (Figure 7), while the proportion of crops
within 500 m had a positive effect on competitor scores in plant
communities and a negative effect on stress-tolerant species. The
proportion of impervious surfaces also had a significant and
positive effect on the species richness of annual species and of
species associated with anthropogenic habitats (Table 1; Figure 8).

4 Discussion

4.1 Effect of management regimes
and landscape characteristics on the
diversity and composition of plant
species assemblages

The total species richness (153 species) found in the 66 urban
grasslands appeared to be relatively important in the studied region,
especially in comparison to herbaceous green spaces with higher
management intensity (i.e, mowed up to 20 times a year) in the
same urban area (Chollet et al., 2018). Compared with other urban
habitats, this species richness represents three times the species
richness found in Paris lawns (Bertoncini et al., 2012) and is similar
to species richness in the woodlands of Angers and Rennes (Vallet
et al, 2008). This highlights the ecological importance of ordinary
grassland habitats in urbanized areas, which previous studies have
also found (Muratet et al., 2007; Threlfall et al., 2016). Furthermore,
only three exotic species were observed in the present study. This
result contradicts other studies that have found high occurrences of
these species in urban habitats (Pysek, 1998; Kowarik, 2008). Unlike
unmanaged habitats such as wasteland, which harbors many
nonnative species (Albrecht and Haider, 2013), grassland under
low-intensity management practices such as mowing could
maintain relatively competitive flora that may prevent the
installation of nonnative species. Our study confirms the value of
urban meadows for the conservation of native species in cities
(English et al., 2022).

No effect of mowing practices or landscape composition was
found on plant species richness and diversity in urban grasslands.
We expected that lower management frequency (i.e., one cut a year
compared to two or three cuts a year), as well as late mowing, would
lead to higher species richness and diversity, as other studies have
highlighted in the context of agricultural grasslands (Smith et al.,
2000; Gaujour et al., 2012). However, our focus on a narrow range
of mowing intensities (i.e., one early cut, one late cut, or two to three
cuts a year) may explain the lack of response of plant richness and
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TABLE 1 Final mean models for the effect of mown practices and land-cover proportion in a 500-m radius on CSR strategy score, optimal habitat,
and annual species richness. Significant results, i.e. estimates whose 95% confidence interval do not include zero, are in bold.

Response variable Independent variable Estimate Adj SE Lower 95% CI  Upper 95% ClI
Competitor score Intercept 0.336 0.014 24.294 0.309 0.363
Impervious surfaces 0.000 0.001 0.102 -0.003 0.002
Herbaceous surfaces 0.000 0.000 0.002 0.000 0.000
Crops 0.013 0.005 2.586 0.003 0.023
1EM vs. 1LM -0.027 0.013 2.146 -0.052 -0.002
23EM vs. 1LM -0.038 0.012 3.138 -0.062 -0.014
23EM vs. 1IEM —-0.011 0.012 0.926 —-0.034 0.012
Stress tolerator score Intercept 0.256 0.007 37.665 0.243 0.269
Impervious surfaces —-0.004 0.005 0.751 -0.014 0.006
Herbaceous surfaces 0.004 0.004 0.937 -0.004 0.012
Crops —-0.009 0.004 2.126 -0.017 -0.001
1EM vs. 1LM 0.021 0.009 2.244 0.003 0.039
23EM vs. 1LM 0.036 0.009 3.96 0.018 0.054
23EM vs. 1IEM 0.015 0.009 1.644 -0.003 0.033
Ruderal score Intercept 0.407 0.012 35.288 0.384 0.430
Impervious surfaces 0.012 0.005 2.276 0.002 0.022
Herbaceous surfaces -0.004 0.006 0.698 -0.015 0.007
Crops -0.005 0.005 0.917 -0.016 0.006
1EM vs. 1ILM 0.005 0.012 0.424 —-0.018 0.028
23EM vs. 1LM 0.002 0.016 0.122 -0.030 0.034
23EM vs. 1IEM —-0.004 0.013 0.316 -0.029 0.021
Grassland habitat species richness Intercept 9.885 0.649 15.238 8.614 11.156
Impervious surfaces -0.122 0.409 0.298 -0.924 0.680
Herbaceous surfaces —-0.098 0.333 0.294 —-0.751 0.555
Crops —-0.394 0.283 1.392 —-0.949 0.161
1EM vs.1LM 0.527 0.611 0.863 -0.670 1.724
23EM vs.1LM 0.472 0.594 0.795 —-0.692 1.636
23EM vs.1EM —-0.055 0.591 0.093 -1.214 1.104
Anthropic habitat species richness Intercept 4.573 0.293 15.617 3.999 5.147
Impervious surfaces 0.898 0.289 3.104 0.331 1.465
Herbaceous surfaces 0.089 0.368 0.242 -0.632 0.810
Crops 0.309 0.293 1.056 —-0.265 0.883
1EM vs.1LM —-0.395 0.536 0.737 —1.445 0.655
23EM vs.1LM —-0.511 0.524 0.975 —-1.538 0.516
23EM vs.1EM —-0.116 0.520 0.223 -1.136 0.904
Annual species richness Intercept 3.939 0.503 7.825 2.952 4.926
Impervious surfaces 0.789 0.288 2.739 0.224 1.354
Herbaceous surfaces -0.206 0.378 0.545 —-0.947 0.535
(Continued)
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TABLE 1 Continued

10.3389/fevo.2023.1151913

Response variable Independent variable Estimate Lower 95% ClI  Upper 95% CI
Crops 0.13 0339 ‘ 0383 ‘ -0.535 0.795

1EM vs.1LM 0.249 0.596 ‘ 0418 ‘ -0.919 1.417

23EM vs.1LM 0.566 0582 ‘ 0.973 ‘ ~0.574 1.706

23EM vs.1EM 0317 0576 ‘ 055 ‘ -0.813 1.447

diversity to grassland management. In contrast, previous studies
showing the effects of mowing regimes on plant species richness
have compared more contrasting intensities of management
practice in urban herbaceous spaces from lawns to grasslands
(Socher et al., 2012; Rudolph et al., 2017; Norton et al., 2019;
Sehrt et al,, 2020). Another hypothesis could be that the effects of
management practices on species richness found in the literature
might be related to the presence of high proportions of nonnative
plants. Indeed, such species have been found by other studies to
represent up to 20% of plant species richness in unmanaged habitats
(Muratet et al., 2007). In the present study, the lack of species gain
related to the installation of nonnative species might then explain
the absence of an effect of mowing regimes on species richness
and diversity.

Moreover, the lack of a significant effect of landscape
composition on plant richness or diversity may be explained by
the length of the landscape gradient considered in the present study.
Indeed, the studied urban grasslands were distributed along a
gradient ranging from moderately urbanized (2%) to highly
urbanized landscapes (83%), because these extensive habitats are
less frequent in rural landscapes (Fischer et al., 2013; Horak et al.,
2022). Although many studies have found significant increases in
plant richness in highly to moderately urbanized landscapes
(McKinney, 2008), the impact of urbanization on species richness
is nevertheless likely to strongly vary according to the geographical
location of cities, historical and economic factors, and the spatial

o
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°
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Mean score for stress tolerator species in plots

scale considered (McKinney, 2008). In the specific context of the
present study, the landscape gradient considered may be too narrow
to detect any variability in plant richness or diversity. In contrast to
species richness and diversity, we found that the species
composition of plant communities in urban grasslands was
significantly influenced by local mowing practices and landscape
composition. Analysis of plant species assemblages showed that
intensively managed grasslands (i.e., mowed two to three times a
year), as opposed to grasslands mowed once late in the year, were
especially characterized by plant species that are typical of lawns.
The strength of the influence of mowing practices on floristic
composition found in the present study is comparable with that
found in another study carried out in an agricultural context
(Barbaro et al., 2004). This highlights the potential for the
implementation of late mowing practices to add value by
enhancing the composition of plant communities in urban
grasslands. However, the difference in species composition
between extensively and frequently mown grasslands was not
associated with an increase in species richness or diversity. This
suggests that there is no optimum in our range of management
practices and that, on the contrary, the diversification of urban
grassland management practices can lead to a wider range of
floristic composition.

Plant species assemblages in urban grasslands were, more
importantly, impacted by the composition of the surrounding
landscapes. Grasslands with a high proportion of herbaceous and

1EM
Management practices

M

FIGURE 6

23M 1EM

Management practices

LM

Graphical representation of the significant effect of mowing practices (mown two or three times a year (23M), mown early once a year (1IEM), and
mown late once a year (1LM)) on competitor score (A) and stress tolerator score (B) (n = 330) according to mean model results (*p < 0.05; **p <

0.01; ***p < 0.001).
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FIGURE 7

02
Proportion of crops in 500m radius

Graphical representation of significant effects of crop proportion on competitor score (A) and stress tolerator score (B) and of impervious surface
proportion on ruderal score (C) according to mean model results (*p < 0.05; **p < 0.01; ***p < 0.001).

woody habitats in their surroundings were characterized by
contrasting species assemblages in comparison with grasslands
embedded in landscapes with many impervious surfaces. Along
an urban-rural gradient, Cochard et al. (2019) have also observed an
effect of landscape composition on the plant species assemblages of
extensively managed road verges, and many grassland species
seemed to be negatively affected by the increasing proportion of
built-up areas in the landscape. In rural contexts, many studies have
found an effect of landscape patterns on plant diversity and
composition (Schmucki et al., 2012; Olsen et al., 2018; Kimberley
et al,, 2021). In Schmucki et al. (2012), the presence of seminatural
elements in the surroundings seemed to affect the composition of

%

Species richness in ruderal habitat species

Species richness in annual species

plant communities and increase local plant species richness
(Schmucki et al., 2012), thus contrasting with agricultural
landscape contexts (Loos et al., 2021).

In urban contexts, plant communities are the result of different
specific filters applied to the global species pool (Williams et al.,
2009; Aronson et al, 2016), on which factors acting at both
landscape and local scales induce selective pressures (Williams
et al., 2015). In this study, we found an influence of both
landscape composition and local management practices on
species assemblages, with a greater influence of variations in
landscape composition than of local mowing practices. The
differences in plant community composition observed between
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FIGURE 8
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Graphical representation of impervious surface proportion on species richness of anthropogenic habitat plants (A) and annuals (B) according to

mean model results (*p < 0.05; **p < 0.01; ***p < 0.001).
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urban and rural grasslands can be linked to the increased effect of
environmental change in the city center compared to suburban
areas (i.e., water stress, pollution, and the urban heat island effect)
(Williams et al., 2009). It could also be explained by the effects of
landscape configuration that were not specifically considered in the
present study. Habitat fragmentation (e.g., escribed via the mean
proximity size index) and landscape complexity (e.g., edge density
and largest patch index) can strongly affect plant composition in
urban contexts (Peng et al., 2019). Habitat fragmentation was found
to increase the biotic homogenization of plant communities
(Zeeman et al., 2017), while landscape complexity has been
shown to be positively related to plant species diversity (Peng
et al., 2019). Although we did not specifically address the
potential effects of landscape configuration, it has been shown in
landscape ecology that landscape composition and configuration
are highly correlated (Fahrig, 2003; Fahrig et al,, 2011). In an urban
context, higher levels of urbanization can also be associated with
higher habitat fragmentation and landscape complexity (Yeh and
Huang, 2009; Buyantuyev and Wu, 2010; Peng et al., 2019). Thus,
the changes in plant communities found along our landscape
gradients may be partially explained by variations in landscape
configuration underlying landscape composition. However,
distinguishing the respective effects of these two landscape
components is difficult (Fahrig, 2003; Fahrig et al., 2011). Other
landscape factors can act as filters for plant communities. Habitat
transformation and fragmentation might also filter species,
especially in relation to the dispersal strategies that determine
their capacity to reach a suitable environment. Although such
processes remain unclear (Williams et al., 2015), previous studies
have suggested that wind-dispersed species might be more likely to
disappear in urban environments (Williams et al., 2005; Sodhi et al.,
2008; Knapp et al,, 2010), and isolated urban grasslands may limit
seed arrival (Fischer et al., 2013). Thus, further study of seed rain
composition in urban contexts is needed to better understand how
the landscape changes induced by urbanization drive the selection
of species plant strategies in urban habitats.

4.2 Influence of mowing and landscape
composition on plant strategies in
urban grasslands

Although mowing practices and landscape composition did not
influence plant species richness in our sample, they had a significant
effect on species composition by favoring certain plant strategies. In
agreement with our hypothesis, an effect of mowing practices on
plant CSR strategy was found. Indeed, there were more competitive
species (such as Dactylis glomerata L. and Arrhenatherum elatius L.)
in late-mown than in early-mown grasslands, however frequently
they were mowed (1EM or 23M). One cut before flowering could
prevent plant reproduction (Gaujour et al., 2012), and a cut before
seed exports could select a competitive strategy (Johansen et al,
2019). In addition, vegetation observed under late mowing
conditions was denser and could prevent the establishment of
new plants (Smith and Haukos, 2002), thus favoring the
development of competitor species. Stress-tolerant species (such
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as Lotus corniculatus L.) were less observed in late-mown grasslands
compared to early-mown grasslands (1EM and 23M). This result
indicates that early management of grasslands may cause more
disturbance (Kahmen et al., 2002).

Beyond the effects of local management practices on plant
strategies, our results show that urban grasslands harbored less
stress-tolerant and more competitive plant species when
surrounded by high crop coverage in their landscape context,
which contradicts the results of a previous study showing
enhanced competitor strategy in more urbanized contexts
(Chocholouskova and Pysek, 2003). However, considering the
complexity of urban systems and the various methods used to
assess CSR strategies, the response of CSR plant traits to
urbanization remained unclear (Williams et al., 2015). Actually,
both types of plant strategy (i.e., stress tolerators and competitors)
might reflect not only plant responses to landscape composition but
also the degree of grassland disturbance (Herben et al, 2018).
Indeed, a high score for ruderal species was observed in
grasslands in more urbanized landscapes, as shown in Knapp
et al. (2009). Since this strategy is associated with disturbed
habitats, urban grasslands seem to undergo more disturbance in
highly urbanized landscape contexts. In addition, the richness of
annual species and of species associated with anthropogenic
habitats was also higher in grasslands in more urban contexts,
confirming the hypothesis that grasslands located in the most
urbanized landscapes tend to be more disturbed.

5 Conclusion

Our study illustrates the importance of considering factors that
act at both local and landscape scales when identifying the drivers of
plant communities in urban grasslands. This study also provides
evidence that assessing effects in terms of species richness is not
sufficient and that community composition must also be
considered. Accordingly, although mowing practices and
landscape composition did not influence plant species richness or
diversity, we found that they were both important drivers of the
composition of plant species assemblages. Nevertheless, they
affected plant communities in different ways and to different
extents. Landscape composition had the strongest influence; this
was mostly characterized by effects on CSR strategies, preferential
habitats, and the life span of plant species. This highlights the
important role of landscape composition in filtering plant species
communities in urban grasslands in comparison with local drivers.
Our study therefore provides evidence that favors rethinking urban
grassland planning not only by changing local management
practices but also by promoting the maintenance of seminatural
green spaces in the landscape context. Our findings also support
changes in management practices for herbaceous vegetation in
cities, favoring extensive management practices such as late
mowing. Such practices, which are becoming increasingly
common in cities (Watson et al,, 2020; Marshall et al., 2023),
should be promoted. More generally, the importance of urban
grasslands in contributing to biodiversity conservation and
ecosystem services has been neglected (Klaus, 2013). Given
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the plant diversity observed in urban grasslands, their restoration
or establishment should be promoted as a nature-based solution
to provide high-quality habitat for animal species. This is
particularly important for pollinating arthropods such as
Lepidoptera and Hymenoptera, which are also highly affected
by urban environments (Kurylo et al., 2020; Horak et al., 2022).
In this context, this study contributes to addressing conservation
challenges in the urban context by highlighting the importance
of not separating grassland management from urban
planning considerations.
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