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Abstract

The interest in urban grassland management has markedly increased over the last
years, due to its essential role for biodiversity conservation and ecosystem service
provision. In the metropolitan area of Torino, we compared plant species richness and
habitat naturalness of urban grasslands subjected to three cutting regimes (characterized by
one, four, and eight cuttings per year, respectively). Habitat naturalness was assessed using
a phytosociological approach, considering the total number and percentage cover of species
belonging to three different vegetation groups: i) annual ruderal, ii) perennial ruderal, and
iii) semi-natural grassland species. The one-cutting regime negatively affected both plant
species diversity and habitat naturalness, since it favoured the highest cover of ruderal
species, which reduced semi-natural grassland species cover. Conversely, the four-cutting
regime showed comparable results to the eight-cutting regime, with higher species richness
and Shannon diversity index values than the one-cutting regime. Moreover, under both
regimes, the highest values for the total number and percentage cover of semi-natural
grassland species were detected. Consequently, we suggest the four-cutting regime as the
best grassland urban management option, thanks to its higher benefit-cost ratio.
Keywords: cutting regime, urban meadows, phytosociological approach, ruderal species,

urban green management.

INTRODUCTION

Permanent grasslands are key ecosystems for biodiversity conservation (Dengler et
al, 2014) and provision of ecosystem services, such as nutrient cycling, carbon
sequestration, water quality, forage production and quality, and related animal-based food
quality (Gorlier et al., 2013; Lonati et al., 2015; Ravetto Enri et al., 2017b). The botanical
composition and ecological functions of semi-natural, agriculturally improved, and urban
grasslands are strongly affected by anthropic activities, such as grazing and cutting regimes
and fertilization rates (lussig et al., 2015; Manninen et al., 2010; Pittarello et al., 2016a;
Probo et al., 2014; Ravetto Enri et al. 2017a).

In particular, the interest in the evaluation of habitat diversity in urban grasslands has
greatly increased over the last years, since these ecosystems display a pivotal ecological role
for both human and wildlife well-being, and they represent an important habitat for a wide
number of plant and animal species (Angold et al.,, 2006; Ranta, 2008; Tikka et al., 2000).
Compared to semi-natural grasslands, urban grasslands are exposed to more frequent and
intense disturbance regimes by periodic cutting (McKinney, 2002). Despite this, the
vegetation of urban grasslands shows a high resilience, with often a very stable species
composition under constant disturbance events. The adaptation to constant disturbances is
also shown by the high number of alien, invasive, and ruderal species adapted to early
successional stages and open environments (Ranta et al., 2015).

Nevertheless, the effects produced on biodiversity conservation by different urban
grassland management strategies have been scarcely explored and only a few studies have
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been recently conducted. For instance, Manninen et al. (2010) proposed a regular
management with grass removal for the grasslands of Helsinki, since this strategy can
mitigate the negative effects of nitrogen deposition on plant diversity and contrast ruderal
species encroachment. Moreover, nowadays one of the major challenges is to find cost-
effective management strategies. When the number of cuttings per years in urban
grasslands and greenways is reduced, negative effects on city aesthetics, road border
functionality, and biodiversity are generally observed (Fuller et al., 2007; Southon et al,,
2017). These effects may be attributed to the decrease of plant species typical of semi-
natural grasslands and to the consequent increase of ruderal species (Fischer et al., 2013).

In the present case study, we evaluated the effects of cutting frequency on plant
species composition within an urban grassland area, comparing three management regimes
with one, four, and eight cuttings per year, respectively. We hypothesised that different
cutting regimes would differently affect plant species diversity and habitat naturalness, i.e.
the number and cover of ruderal and semi-natural grassland species.

MATERIALS AND METHODS
Study area

The study was conducted in the urban grasslands of the Department of Agricultural,
Forest and Food Sciences (University of Torino) campus, which is located in Grugliasco,
within the metropolitan area of Torino, north-western Italy. The site is located at 300 m a.s.l.
and characterised by sandy soils, with average annual temperature of 13.3 °C and
precipitation of 888 mm (average values for the period 2004-2017, according to the
weather station located in Rivoli).

Grasslands originated from anthropic sowing, carried out when buildings were
completed (i.e. in the 1970s). Grasslands were dominated by Festuca rubra L., Agrostis tenuis
Sibth., and Agropyron repens (L.) Beauv. The differences in plant species composition of the
vegetation communities studied were not ascribable to differences in bedrock or topsoil
layer, which were homogeneous in the whole study area, rather to differences in the cutting
regime to which grasslands were subjected, i.e. in the number of cuttings per year.

Since 1996, grasslands have been managed under three different cutting regimes:
lenient (one cutting per year, in June; MW1), intermediate (four cuttings per year, in May,
June, July, and September; MW4), and intense (eight cuttings per year, two in May and June,
one in July and August, and two in September; MW8). The cuttings were carried out
approximately in the same days each year, by riding lawn mowers with a cutting height of
approximately 5 cm, removing the mown vegetation.

Vegetation surveys and calculations

For each of the three cutting regimes, five 2x2 m plots were randomly established for
three consecutive years (i.e. in 2015, 2016, and 2017). Vegetation surveys (n = 45) were
carried out approximately in mid-May.

Plant species composition was evaluated using the phytosociological method (Braun-
Blanquet et al, 1932). Taxonomic nomenclature followed Pignatti (1982). The Braun-
Blanquet frequency-abundance values (Reichelt and Wilmanns, 1973) were converted into
percentage cover values, according to Tasser and Tappeiner (2005).

Plant diversity was assessed for each survey by calculating species richness (i.e. the
total number of the recorded species) and Shannon diversity index (Magurran, 1988).

Habitat naturalness was assessed using a phytosociological approach. Firstly, each
plant species was associated to its phytosociological optimum (at the class level) according
to Aeschimann et al. (2004). This approach has been largely used to evaluate vegetation
response to management and disturbance regimes in different ecosystems (Lonati et al,
2013; Moris et al,, 2017; Orlandi et al,, 2016; Pittarello et al.,, 2016b; Vacchiano et al., 2016).
Secondly, according to their phytosociological optimum, plant species were grouped into



three vegetation units, according to an increasing gradient of habitat naturalness: i) annual
ruderal species (i.e. the species belonging to Stellarietea mediae class), ii) perennial ruderal
species (i.e. the species belonging to Agropyretea intermedii-repentis and Artemisietea
vulgaris classes), and iii) semi-natural grassland species (i.e. species belonging to Molinio-
Arrhenatheretea and Festuco-Brometea classes and to the fringe communities of Trifolio-
Geranietea sanguinei and Epilobietea angustifolii classes). The species belonging to
Thlaspietea rotundifolii and Koelerio-Corynephoretea classes accounted for a negligible
percentage cover and were not included in further analyses. The complete species list and
the corresponding phytosociological optimum are available in Electronic Appendix 1. The
total number and the total percentage cover of species belonging to the three vegetation
units were computed for each survey.
Statistical analysis

A mixed model was performed on species richness and Shannon diversity index, with
plot as statistical unit, cutting regime as fixed factor, and year as random factor. The same
analysis was performed on the total number and total percentage cover of species belonging
to annual ruderal, perennial ruderal, and semi-natural grassland species. Assumptions of
normality and homogeneity of variance were checked with Shapiro-Wilk and Levene’s tests,
respectively. After each mixed model, when significant differences were found, Tukey’s post-
hoc tests were performed. All statistical analyses were carried out using SPSS 24 (IBM Corp.,
2016).

RESULTS AND DISCUSSION

A total of 80 plant species were detected during the three-years study (see Electronic
Appendix 1), with an average species richness of 19 species and a Shannon diversity index
of 3.2 per survey. Similar results were found by other research conducted over urban
temperate grasslands (Hermy and Cornelis, 2000; Rudolph et al., 2017).
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Figure 1. Species richness (a) and Shannon diversity index (b) of the studied urban
grassland communities. MW1, MW4, and MW8 identify the one-, four-, and eight-
cuttings per year regimes, respectively. Error bars represent the standard error of
the averages, while letters above histograms indicate significant differences among
cutting regimes according to Tukey's post-hoc test.

Plant species diversity was lower in MW1 than in MW4 and MWS8, in terms of both
species richness and Shannon diversity index (Figures 1a and 1b, respectively). Similarly,
Manninen et al. (2010) compared in their study different cutting regimes and found that the
number of plant species decreased with the reduction of management intensity of urban
grassland.

Annual ruderal species were more abundant in MW4, but only in terms of species
richness, whereas no differences for percentage covers among the three cutting regimes



were detected (Figures 2a and 2b, respectively). Perennial ruderal species showed a lower
species richness under the intense cutting regime (Figure 2c), but this result had a negligible
ecological significance, since the difference was of +1.7 and +1.1 species in MW1 and in
MW4, respectively, when compared to MW8. The percentage cover of perennial ruderal
species was higher in MW1 than in MW4 and MW8 (Figure 2d), but the difference between
the intermediate and the intense cutting management (that is, -6.6% of percentage cover)
had minor ecological implications. Similarly to biodiversity indexes, semi-natural grassland
species had the lowest species richness and percentage cover in the lenient cutting regime
(Figures 2e and 2f, respectively).
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Figure 2. Species richness (a, ¢, and e) and percentage cover (b, d, and f) of the three selected
vegetation units. MW1, MW4, and MW8 identify the one-, four-, and eight-cuttings
per year regimes, respectively. Error bars represent the standard error of the
averages while letters above histograms indicate significant differences among
cutting regimes according to Tukey's post-hoc test.

As pointed out by other authors (Ockinger et al., 2009), we found that a low cutting
frequency can negatively affect plant species diversity in urban managed grasslands, by
allowing seed dispersal and encroachment of ruderal species (mainly the perennial ones). In



our study area, these species (in particular A. repens) spread over large patches, where they
dominated the vegetation communities, thus explaining the lowest biodiversity values found
in MW1. In addition, our results highlighted that the levels of plant species diversity of the
intense cutting regime (MW8) can be also achieved by an intermediate cutting regime
(MW4), which could thus represent the best management trade-off, thanks to its higher
benefit-cost ratio.

In contrast to our results, Venn and Kotze (2014) evaluated the effects of increasing
frequency cutting regimes on plant species composition and diversity in Swedish urban
grasslands and highlighted that the optimal management option was to apply a cutting once
or twice per year, while leaving some unmanaged areas to maintain habitat heterogeneity.
Consequently, due to contrasting results under different bio-climatic and vegetation
conditions, additional research appears recommended at larger scale. Moreover, in further
research, greater attention should be addressed to the effects of the cutting management on
allergenic plant species, since it may considerably affect life quality in urban areas (Bosch-
Cano et al,, 2011; Werchan et al., 2017).

CONCLUSIONS

The present study highlighted that cutting frequency is an essential tool in urban grassland
management, since it can significantly affect plant species diversity and habitat naturalness.
A low cutting frequency (one cutting per year) decreased both biodiversity and habitat
naturalness due to the dominance of perennial ruderal species within the sward. Our results
suggest that a management regime with four cuttings per year represent the best
management option, thanks to its higher benefit-cost ratio. Indeed, it could achieve the same
results of a more intense management regime (eight cuttings per year), while considerably
reducing management costs.
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Electronic Appendix 1: list of the plant species detected during the three-year study, grouped in the vegetation units identified and used for data analyses.
For each species the phytosociological optimum (according to Braun-Blanquet et al, 1932) and the percentage cover (mean dominance value - Tasser and
Tappeiner, 2005 - of the five plots per cutting regime over the three years) are provided. MW1, MW4, and MW8 identify the one-, four-, and eight-cutting per year

regimes, respectively.

Plant species Phytosociological Percentage cover Plant species Phytosociological Percentage cover
optimum MW1 MWw4 MW8 optimum MW1 MWw4 MW8
Annual ruderal species 20.15 2135 23.45 Grassland species (continued)
Alopecurus myosuroides Hudson Stellarietea mediae 8.11 - - Bellis perennis L. Molinio-Arrhenatheretea - 1.85 1.59
Aphanes arvensis L. Stellarietea mediae - 0.43 3.37 Carex pairaei F.Schultz Trifolio-Geranietea sanguinei - - 0.56
Asperula arvensis L. Stellarietea mediae - - 0.19 Cerastium semidecandrum L. Molinio-Arrhenatheretea - 0.39 -
Bromus hordeaceus L. Stellarietea mediae 1.39 0.21 0.04 Dactylis glomerata L. Molinio-Arrhenatheretea - 0.19 5.52
Bromus sterilis L. Stellarietea mediae - 0.21 - Festuca arundinacea Schreber Molinio-Arrhenatheretea - 0.69 1.25
Capsella bursa-pastoris (L.) Medicus Stellarietea mediae - 0.87 0.25 Festuca rubra L. Molinio-Arrhenatheretea - 2.73 -
Cardamine hirsuta L. Stellarietea mediae 0.04 0.29 0.06 Galium mollugo L. Trifolio-Geranietea sanguinei 0.02 - -
Cerastium glomeratum Thuill. Stellarietea mediae - 0.77 - Geranium molle L. Molinio-Arrhenatheretea - 1.43 1.06
Cynodon dactylon (L.) Pers. Stellarietea mediae - 0.95 11.38 Holcus lanatus L. Molinio-Arrhenatheretea 0.21 0.60 -
Erodium cicutarium (L.) L'Her. Stellarietea mediae - 0.02 0.45 Hypericum perforatum L. Trifolio-Geranietea sanguinei - - 0.23
Geranium columbinum L. Stellarietea mediae - 0.39 - Hypochoeris radicata L. Molinio-Arrhenatheretea - 1.05 5.09
Hordeum murinum L. Stellarietea mediae - 0.02 - Leucanthemum vulgare Lam. Molinio-Arrhenatheretea - 0.89 -
Lamium purpureum L. Stellarietea mediae 2.30 3.23 - Lolium multiflorum Lam. Molinio-Arrhenatheretea 5.28 0.02 -
Oxalis fontana Bunge Stellarietea mediae 0.02 0.18 0.83 Lolium perenne L. Molinio-Arrhenatheretea 0.69 1.93 -
Poa annua L. Stellarietea mediae - 4.95 0.02 Lotus corniculatus L. Molinio-Arrhenatheretea - - 1.53
Polygonum aviculare L. Stellarietea mediae - 0.43 - Ornithogalum umbellatum L. Molinio-Arrhenatheretea 0.02 - -
Sagina saginoides (L.) Karsten Stellarietea mediae - - 0.02 Plantago lanceolata L. Molinio-Arrhenatheretea 0.02 6.41 10.71
Senecio vulgaris L. Stellarietea mediae - 0.04 - Poa pratensis L. Molinio-Arrhenatheretea - 9.88 15.79
Stellaria media (L.) Vill. Stellarietea mediae 5.15 2.28 0.71 Poa trivialis L. Molinio-Arrhenatheretea 2235 1411 0.21
Valerianella locusta (L.) Laterrade Stellarietea mediae 0.12 0.27 2.07 Potentilla reptans L. Molinio-Arrhenatheretea - 1.52 -
Veronica arvensis L. Stellarietea mediae 0.27 1.70 3.37 Prunella vulgaris L. Molinio-Arrhenatheretea - 0.68 -
Veronica hederifolia L. Stellarietea mediae 0.04 - - Ranunculus acris L. Molinio-Arrhenatheretea - 0.67 -
Veronica persica Poiret Stellarietea mediae 2.70 4.07 0.51 Ranunculus sardous Crantz Molinio-Arrhenatheretea 0.02 0.39 0.67
Vicia sativa L. Stellarietea mediae 0.02 0.04 0.19 Rorippa sylvestris (L.) Besser Molinio-Arrhenatheretea - 0.24 -
Rumex acetosa L. Molinio-Arrhenatheretea 0.02 0.19 -
Perennial ruderal species 48.67  9.68 3.06 Rumex conglomeratus Murray Molinio-Arrhenatheretea 2.16 0.56 -
Agropyron repens (L.) Beauv. Agropyretea intermedii-repentis 4117 791 1.93 Rumex crispus L. Molinio-Arrhenatheretea 0.23 0.93 -
Arctium lappa L. Artemisietea vulgaris 0.37 - - Silene vulgaris (Moench) Garcke Festuco-Brometea 0.02 - 1.97
Cirsium vulgare (Savi) Ten. Artemisietea vulgaris - 0.19 - Taraxacum officinale Weber Molinio-Arrhenatheretea 7.43 19.32 0.25
Convolvulus arvensis L. Agropyretea intermedii-repentis 0.89 0.85 0.25 Trifolium dubium Sibth. Molinio-Arrhenatheretea - - 4.39
Daucus carota L. Artemisietea vu]garis - - 0.02 Trifolium pratense L. Molinio-Arrhenatheretea 0.27 0.56 -
Erigeron annuus (L.) Pers. Artemisietea vulgaris 0.02 068 085 Trifolium repens L. Molinio-Arrhenatheretea 0.85 349 959
Lactuca serriola L. Artemisietea vulgaris 0.02 - - Verbascum thapsus L. Epilobietea angustifolii - - 0.02
Malva sylvestris L. Artemisietea vulgaris - 0.02 - Verbena officinalis L. Molinio-Arrhenatheretea - 0.02 0.06
Medicago sativa L. Agropyretea intermedii-repentis 0.21 - 0.02
Silene alba (Miller) Krause Artemisietea vulgaris 0.02 0.04 - Other species (not included in data analyses) . 153 17.28
Urtica dioica L. Artemisietea vulgaris 5.98 - - Arenaria serpyllifolia L. Koelerio-Corynephoretea - - 1.33
Calamintha nepeta (L.) Savi Thlaspietea rotundifolii - 0.41 6.55
Grassland species 42.06 76.98 69.74 Cerastium semidecandrum L. Koelerio-Corynephoretea - 0.93 5.57
Achillefz millefoliym L. Moh:m:o-Arrhenatheretea 0.02 0.23 9.03 Myosotis ramosissima Rochel in Koelerio-Corynephoretea ) 0.19 2.09
Agrostis tenuis Sibth. Molinio-Arrhenatheretea - 1.41 0.02 Schultes
Anthoxanthum odoratum L. Molinio-Arrhenatheretea - 0.19 - Potentilla argentea L. Koelerio-Corynephoretea - - 1.72
Arrhenatherum elatius (L.) Presl Molinio-Arrhenatheretea 2.45 4.41 0.21 Saxifraga tridactylites L. Koelerio-Corynephoretea - - 0.02

(to be continued)



