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Abstract

Perennial dry grassland communities, vital for plant biodiversity conservation in the Mediterranean, often harbor rare
and endangered species. However, these habitats face threats, including the invasion of alien species. Cenchrus seta-
ceus, a highly invasive grass, is spreading in the Mediterranean region. Historical records and observations document its
establishment and invasiveness across various Italian regions. This study investigates the impact of C. setaceus on native
grasslands dominated by Hyparrhenia hirta. We assessed the impact of C. sefaceus invasion on plant biodiversity in Sic-
ily and southern Italy, and we identified and characterized plant species’ composition using Ellenberg indicator values.
The intention to analyze species richness, diversity, and ecological indicators is also emphasized. Starting from the use of
the phytosociological method, multivariate analysis and Ellenberg indicator values to assess the impact of C. setaceus on
grasslands composition were considered. There are several similarities and differences in diversity, floristic composition,
and ecological traits between the two grassland types. A deep comparison with central European studies and evaluation
of the impact of C. setaceus on species richness and community dynamics in Mediterranean habitats were concluded.
Although C. setaceus is invading native grasslands, it does not drastically reduce species richness. The ecological impli-
cations of the invasion are explored, urging ongoing monitoring and collaborative efforts for effective conservation. The
importance of interdisciplinary cooperation is highlighted to address the threat of invasive species and sustain the biodi-
versity of Mediterranean grasslands.
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Introduction

Perennial dry grasslands communities represent important
habitats for plant biodiversity conservation in the Mediter-
ranean area (Faber-Langendoen and Josse 2010). Although
they represent secondary aspects due to forest degradation
processes, are considered the most species-rich plant com-
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munities and often contain a large number of rare and endan-
gered native species (San Miguel 2008). These communities
are mainly used by man for animal husbandry (Buisson and
Dutoit 2006; San Miguel 2008). Although this activity has
decreased in many European countries, in the Mediterranean
ones it continues to be of great economic importance (Had-
jigeorgiou 2011). One of the main threats of these commu-
nities are alien invasive species (Simberloff et al. 2013) that
can modify biotic and abiotic conditions of habitats mak-
ing them less suitable for native taxa and causing numerical
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changes and sometimes even extinctions of the less resilient
elements (Cronk and Fuller 1995, Walker and Steffen 1997,
Lozano et al. 2023, Caruso and Capuano 2023). Increasing
temperatures resulting from climate change are expected to
enhance the proliferation of alien species within temperate
grasslands. Research indicates a direct relationship between
rising temperatures and increase and speeds of germina-
tion in alien species, a trend that contrasts with the behavior
observed in native species (Trotta et al. 2023). In particu-
lar, Cenchrus setaceus (Forssk.) Morrone (= Pennisetum
setaceum (Forssk.) Chiov.) (Poaceae) is one of the most
invasive and threatening plants of Mediterranean area (Gua-
rino et al. 2021; Lozano et al. 2023). This alien species was
introduced in Italy during the last century and its invasive
spread has been remarkable in the last twenty years (Pasta
etal. 2010). This phenomenon deserves to be monitored and
interpreted on the basis of current knowledge on the dynam-
ics and interactions of invasive alien species with native
ones. This to evaluate the impact of C. setaceus invasion
on the habitats also in consideration of any control actions.

Cenchrus setaceus is a C4 perennial, wind-dispersed,
grass native to North Africa and western Asia where it
grows in arid coastal and desert areas (Maire 1952). This
species, cultivated as ornamental, has become invasive in
Hawaii and the southern continental United States, Aus-
tralia, the Canary Islands, southern Europe, and southern
Africa (Kaufman 2022). It is listed in the EU Regulation
1143/2014 among the invasive species of European Union
concern. In Italy, it occurs in Sardinia, Tuscany, Lazio,
Campania, Apulia, Calabria, and Sicily (Celesti-Grapow L.
et al. 2009; Buono 2013; Lucchese 2017; Galassso et al.
2018a, 2018b; Laface et al. 2020; Musarella et al. 2020;
Stinca et al. 2021). This species grows from the sea level
to 450-500 m a.s.l., on disturbed soils, on scree slopes at
the base of the cliffs, as well as on rocky habitats (D’ Amico
and Gianguzzi 2006; Pasta et al. 2010). These areas were
actually occupied by perennial grasslands dominated by the
native Hyparrhenia hirta (L.) Stapf.

Hyparrhenia hirta is a perennial grass with similar traits
than C. setaceus, it is native to the Mediterranean Region
and southern Africa (Maire 1952). This species is expand-
ing, naturally and with the help of man, its range; now
includes regions with a subtropical, warm temperate or
Mediterranean climate in Europe, Africa, Asia and Oceania
(Chejara et al. 2010). The EU Habitats Directive (92/43/
EEC) preserves natural habitats such as the one dominated
by Hyparrhenia hirta (6220%) that is reported as a priority
conservation one.

Cenchrus setaceus, along the Tyrrhenian and the Ionian
coasts of Sicily and Calabria, is gradually establishing itself
at expenses of H. hirta. For instance, on rocky substrates
outcropping of Monte Pellegrino, near Palermo (Siciliy),
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has been described the association Pennisetum setacei-Hyp-
arrhenietum hirtae by Gianguzzi et al. (1993) that describes
an aspect of transition from the grasslands dominated by H.
hirta to that dominated by C. setaceus.

The first information on cultivation of Cenchrus setaceus
in Sicily dates back to Bruno (1939), who reports having
introduced seeds from former Abissinia (approximately cur-
rent Ethiopia and Eritrea) for experimentation on this spe-
cies as forage at the Botanical Garden Palermo. The first
record of this plant, casual alien in Italy, refers to Frigato
(1954) from Liguria. In this region the species has now defi-
nitely disappeared (Galasso et al. 2018a). In Sicily C. seta-
ceus was recorded as naturalized in 1959 near Palermo, on
mount Pellegrino (Pignatti and Pignatti Wikus 1963), and
in 1960 near Catania (Borruso and Furnari 1960) wrongly
named Pennisetum villosum R.Br. (= Cenchrus longisetus
M.C.Johnst.).

The report from southern peninsular Italy is more recent
and the species has immediately shown its invasiveness: in
fact, in Calabria (the region of the Italian Peninsula clos-
est to Sicily) Castellano and Marino (2007) reported it as
“casual”, Musarella et al. (2020) as “naturalized” and Laface
et al. (2020) and Spampinato et al. (2022) as “invasive”.

Therefore, in agreement with Pasta et al. (2010), C.
setaceus began to behave like an invasive species in Italy
around the beginning of the 80s of the last century, starting
from Sicily and still going up today along the Italian penin-
sula. The species was reported in Apulia (Buono 2013), in
Lazio (Lucchese 2017), Tuscany (Galasso et al. 2018b), and
Campania (Stinca et al. 2021).

The aims of this contribution are: (A) to evaluate if it
is present and the magnitude of response in plant biodiver-
sity loss in Sicily and southern Italy due to the expansion of
Cenchrus setaceus, and (B) to hence to identify and charac-
terize plant species composition responding to the spread of
C. setaceus in the H. hirta grasslands in Sicily and southern
Italy. In addition, we described these species’ response-based
characteristics employing their Ellenberg indicator values.
Ellenberg indicator values are a useful tool to delineate the
relationship between plants and environment, recognising
to each species a functional role as biological indicator by
indicating aspects of habitat quality such as light, tempera-
ture, soil moisture, soil pH value and nutrient availability
(Ellenberg et al. 2001; Guarino et al. 2012).

Specifically, we assessed (a) the quantitative and qualita-
tive variation of species associated with grasslands domi-
nated by C. sefaceus compared to those dominated by H.
hirta and (b) how and which specific Ellenberg indexes vary
with the replacement of the dominating grass.

Similar studies have been done in central Europe, where
it has been reported that dominance by a species is corre-
lated to a decline in species richness, but reveal that alien
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dominants do not have a stronger impact than the native
ones (Czarniecka-Wiera et al. 2019). We wanted to verify
if the same phenomenon is observed in the Mediterranean.
The results of this study will enrich the information
available on C. setaceus grasslands by providing useful data
for their management in terms of safeguarding biodiversity
and will provide useful information for the conservation of
endemic species present in dry grasslands communities.

Materials and methods
Study area and sampling design

The portal of the Flora of Italy (https://dryades.units.it/flori-
taly/index.php), the most updated working checklist for this
territory, reports Cenchrus setaceus as invasive in Sardinia,
Calabria and Sicily. We chose to investigate its impact in
Sicily and Calabria because, currently, they are the only
regions where it forms extensive grasslands. In Sardinia
the species does not penetrate the semi-natural vegetation
remaining confined along the road axes (G. Brundu pers.
comm.). Three localities were chosen where the occurrence

of C. setaceus is more severe: the surroundings of Palermo
(NW Sicily), San Gregorio-Catania (E Sicily), and south-
ern Calabria. In each area 10 sampling plots were chosen: 5
dominated by C. sefaceus and 5 dominated by H. hirta with
similar exposition and inclination per pair. Details of each
sampling plot are reported in Table 1. We sampled grass-
lands across from 2019 to 2021. In each sampling area we
established a square of 100 m? at a place that was as homo-
geneous as possible in terms of topography and vegetation
physiognomy. In each square the presence of individuals of
all species of vascular plants was recorded. The percentage
cover of each species was visually estimated. Taxa nomen-
clature follows Bartolucci et al. (2018) and Galasso et al.
(2018). Ellenberg indicator values derived from Domina et
al. (2018) and Guarino and La Rosa (2019).

The study followed the Braun-Blanquet phytosociological
approach (Braun-Blanquet 1964). A total of 30 unpublished
phytosociological relevés per 174 taxa were processed. All
the relevés were analysed using classification and ordination
methods. A multivariate analysis (Linkage method: Ward's,
Distance measure: Euclidean) was applied (Bray et al. 1957,
Ward 1963). Cluster analysis and ordination of the dataset
were performed using PC-ORD 6 software (McCune and

Table 1 Details of the sampling Plot name Cluster Coordinates (WGS84) Locality Dominant species
plots of Hyparrhenia hirta (L.) gy 1 37°33'3639'N _ 15°71.09'E _ Etna Hyparrhenia hirta subsp. hirta
Stapf subsp. Airta and Cenchrus o .
setaceus (Forssk.) Morrone in P2 1 37°33°36.68"N 15°6°59.69"E Etna Hyparrhenia hirta subsp. hirta
Sicily and in Calabria regions P3 1 37°33°34.50"N  15°6°53.84"E Etna Hyparrhenia hirta subsp. hirta
(Italy) P4 1 37°33°38.02"N 15°6°58.61"E Etna Hyparrhenia hirta subsp. hirta
P5 1 37°33°35.21"N 15°7°0.58"E Etna Hyparrhenia hirta subsp. hirta
P6 2 38°12°3.98"N 13°18’8.97"E Palermo  Hyparrhenia hirta subsp. hirta
P7 2 38°10°33.10"N 13°20°12.09"E ~ Palermo  Hyparrhenia hirta subsp. hirta
P8 2 38°9°19.51"N 13°6’51.44"E Palermo  Hyparrhenia hirta subsp. hirta
P9 2 38°5°55.00"N 13°18°34.00"E ~ Palermo  Hyparrhenia hirta subsp. hirta
P10 2 38°9°20.81"N 13°21°46.60"E ~ Palermo  Hyparrhenia hirta subsp. hirta
P11 1 37°56°37.96"N  15°42°12.81"E ~ Calabria  Hyparrhenia hirta subsp. hirta
P12 2 38°27°18.97"N  15°58°20.25"E ~ Calabria  Hyparrhenia hirta subsp. hirta
P13 1 38°57°49.56"N 16°9°7.39"E Calabria  Hyparrhenia hirta subsp. hirta
P14 1 38°4°21.09"N 15°42°44.59"E ~ Calabria  Hyparrhenia hirta subsp. hirta
P15 1 38°41°5.86"N 16°32°35.60"E ~ Calabria  Hyparrhenia hirta subsp. hirta
P16 3 37°31°49.48"N  15°5°57.70"E Etna Cenchrus setaceus
P17 3 37°31°48.44"N 15°5’59.66"E Etna Cenchrus setaceus
P18 3 37°31°49.30"N 15°5°58.03"E Etna Cenchrus setaceus
P19 3 37°31°48.35"N 15°5°49.67"E Etna Cenchrus setaceus
P20 3 37°31°50.01"N  15°5°44.56"E Etna Cenchrus setaceus
P21 3 38°12°17.29"N  13°18°21.89"E ~ Palermo  Cenchrus setaceus
P22 3 38°10°21.66"N 13°20°16.17"E ~ Palermo  Cenchrus setaceus
P23 3 38°9°3.83"N 13°7°2.39"E Palermo  Cenchrus setaceus
P24 3 38°5°55.99"N 13°18°34.99"E ~ Palermo  Cenchrus setaceus
P25 3 38°9°17.27"N 13°21°40.53"E ~ Palermo  Cenchrus setaceus
P26 3 37°56°38.93"N  15°42°13.99"E ~ Calabria  Cenchrus setaceus
P27 3 38°27°19.40"N 15°58°20.60"E ~ Calabria  Cenchrus setaceus
P28 3 38°57°49.45"N 16° 9°7.52"E Calabria  Cenchrus setaceus
P29 3 38°4°20.83"N 15°42°44.86"E ~ Calabria  Cenchrus setaceus
P30 3 38°41°4.88"N 16°32°38.12"E ~ Calabria  Cenchrus setaceus
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Mefford 2011). Ordination by Canonical Correspondence
Analysis (CCA) took into account the bioclimatic variables
at 30s resolution from WorldClim (Fick and Hijmans 2017).
Quantum GIS software version 3.6 was used for the inter-
polation of the bioclimatic variables and plant communities.

Results

The investigated Cenchrus setaceus grasslands have, on
average, an estimated coverage of 95%, while those with
H. hirta have 90%; the communties with C. setaceus are
more homogeneous with each other for this parameter than
those with H. hirta (Standard deviation 6.7 vs. 9.03). There
is no correlation between the vegetation coverage and the
number of species present in the relevés (r = -0.09545).
The classification of the relevés showed two main vegeta-
tion groups (Fig. 1). The first one (cluster A) including the
Hyparrhenia hirta plant communities, belonging to Hypar-
rhenietum hirto-pubescentis A.& O.Bolos & Br.-Bl. in A.&
O. Bolos 1950 (Hyparrhenenion hirtae alliance). Within
this cluster, two subgroups can be distinguished: the first
one includes the Hyparrhenia hirta communities of East-
ern Sicily and Calabria, linked to volcanic or methamorphic
substrata, while the second group (cluster 2) includes the
Hyparrhenia hirta communities of Western Sicily, linked to
carbonate substrates. The second one (cluster B) including
the Cenchrus setaceus communities, belonging to Pennis-
eto setacei-Hyparrhenietum hirtae (Aristido caerulescentis-
Hyparrhenenion hirtae). This cluster characterised by the
dominance of C. setaceus does not show any community
differentiation, probably linked to a floristic uniformity/
similarity despite the diversity of geological substrate.

The ordination of the relevés obtained by CCA is dis-
played in Fig. 2. A marked correspondence was observed
using cluster analysis in grouping three different communi-
ties. In particular, on the positive side of axis 1 there are the H.
hirta communities of Etna and Calabria (BIO 1,6,8,11) and
H. hirta community of Palermo (BIO 12,13,14,16,17,18,19)
linked to thermophilous environmental conditions, while on
the negative side of axis 1 are distributed the communities
belonging to C. setaceus communities linked to thermo-
xerophilous environmental conditions (BIO 2,3,7,15).

Overall, the floristic richness of the grasslands investi-
gated is equal to 174 taxa (Supplementary material, Table 2).
The species richness of H. hirta communities ranges
between 16 and 51 taxa (mean=25.3), and for C. setaceus
communities ranges between 15 and 42 (mean=26).

The diversity index of the H. hirta community shows
an average Shannon-Wiener diversity index (H) of 1.94
(J=0.6), and C. setaceus communities shows an average
Shannon-Wiener diversity index (H) of 1.67 (J=0.55).

Our results report for both grassland types (H. hirta and
C. setaceus communities) that the most represented families
are Asteraceae (18%-16% respectively), Fabaceae (17%-
16% respectively) and Poaceae (13% for both). From a
chorological viewpoint, most taxa show a Mediterranean
distribution (40-42% respectively) and Euromediterranean
(30-33% respectively). The dominant life form corresponds
to therophytes (53-58% respectively) and hemicryptophytes
(29%-24% respectively), while lower values were reached
by chamaephytes, geophytes and nanophanerophytes.

Distance (Objective Function)

27E+01 1.3E+04 ) 26E+04 . 3.9E+04 52E+04
Information Remaining (%)
100 75 25 . 0
AP1
AP3 f 103
AP2
2 Eg A1 A6 16
ALl ? 1 Hyparrhenia hirta comm. (Etna-Calabria)
ARl A
re: 3_—'—| 2 Hyparrhenia hirta comm. (Palermo)
A —
3 Cenchrus setaceus comm. (Etna-Calabria-Palermo) B

Fig. 1 Cluster analysis of the surveyed plant communites: A. Hyparrhenia hirta communities (1. Etna-Calabria; 2. Palermo); B. Cenchrus setaceus
community (3. Etna-Calabria-Palermo). P1-P30 are sampling plots according to Table |
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Fig. 2 CCA of the surveyed plant communities: Total variance (“iner-
tia”) in the species data: 3.08. Eigen-values: Axis 1: 0.647, Axis 2:
0.249, Axis 3: 0.227. Variance in species data % of variance explained,
Axis 1, 21.0, Axis 2, 8.1, Axis 3, 7.3. Cumulative % explained Axis
1, 21.0, Axis 2, 29.0, Axis 3, 36.4. P1-P30 are sampling plots accord-
ing to Table 1. Cluster 1 Hyparrhenia hirta (Etna-Calabria), Cluster 2
Hyparrhenia hirta (Palermo), Cluster 3 Cenchrus setaceus (Etna-Cal-
abria-Palermo). Bioclimatic variables: BIO1 = Annual Mean Tempera-
ture; BIO2 =Mean Diurnal Range (Mean of monthly (max temp - min
temp)); BIO3 =Isothermality (BIO2/BIO7) (x100); BIO4 =Tempera-
ture Seasonality (standard deviation X100); BIO5S=Max Tempera-

Discussion

Invasions of plants outside their native range are increasing
by the day, and large numbers of alien species are being
recorded in new territories (Musarella et al. 2024). Com-
munity resistance to invasions increases in proportion to its
species richness, considered in terms of number of species
(Elton 1958).

Mack et al. (2000) suggest that resistance to plant inva-
sion may correlate more strongly with the maintenance of a

ture of Warmest Month; BIO6 =Min Temperature of Coldest Month;
BIO7=Temperature Annual Range (BIO5-BIO6); BIO8=Mean
Temperature of Wettest Quarter; BIO9=Mean Temperature of
Driest Quarter; BIO10=Mean Temperature of Warmest Quarter;
BIO11=Mean Temperature of Coldest Quarter; BIO12 =Annual Pre-
cipitation; BIO13 =Precipitation of Wettest Month; BIO14 = Precipi-
tation of Driest Month; BIO15 = Precipitation Seasonality (Coefficient
of Variation); BIO16 = Precipitation of Wettest Quarter; BIO17 =Pre-
cipitation of Driest Quarter; BIO18 = Precipitation of Warmest Quar-
ter; BIO19 =Precipitation of Coldest Quarter

multitiered plant canopy (architecture of the plant commu-
nity) than with the actual number of species within the com-
munity. The H. hirta grasslands with an average of 25.3 taxa
per relevé fall within the average of grasslands in the Medi-
terranean environment (Del Vecchio & al. 2017; Brullo et al.
2020). The plant canopy of H. hirta communities is made up
of an upper herbaceous layer (up to 120 cm) which persists
throughout the year and an underlying herbaceous layer (up
to 30 cm) present only in winter and early spring. The plant
canopy of C. setaceus has a lower upper herbaceous layer
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(80-90 cm) throughout the year and a similar underlying
herbaceous layer (up to 30 cm) present in winter and early
spring.

The two dry grassland communities here studied show
different ecological needs, diversity/floristic composition
and trends. Both communities represent aspects of forest-
shrub vegetation regression, both due to direct human
pressures (Huang et al. 2018; Molina et al. 2022). The Hyp-
arrhenietum hirto-pubescentis A. & 0.Bolos & Br.-Bl. in
A. & O.Bolos 1950 grassland is widespread from the sea
level up to 1000 m of altitude, within the thermomediterra-
nean and mesomediterranean dry-subhumid belt, on slopes
characterized by rocky outcrops and primitive soils. It is
differentiated by the dominance of H. hirta which is usu-
ally associated with Andropogon distachyos L. and several
xerophilous species belonging to Hyparrhenion hirtae alli-
ance, as Anethum piperitum Ucria (= Foeniculum vulgare
Mill. subsp. piperitum (Ucria) Bég.), Ferula communis L.,
Thapsia garganica L., Convolvulus althaeoides L., Lathyrus
clymenum L. (=Lathyrus articulatus L.), etc. This phyto-
coenosis chiefly derives from the degradation of thermophi-
lous oak woods or maquis belonging to the Quercetea ilicis
class. Human disturbance (such as frequent fires, overgraz-
ing, etc.) creates suitable conditions for the establishment of
such community, which can also play an important role in
the re-colonization processes of abandoned fields (Brullo et
al. 2010).

The Penniseto setacei-Hyparrhenietum hirtae Gianguzzi,
Ilardi & Raimondo (1996) is widespread on coastal terri-
tories of north-western Sicily (Gianguzzi et al. 1993) and
eastern Sicily and Calabria and occurs up to 500 m a.s.l.
This pioneer dry grassland is indifferent to the substrate
and prefers abandoned fields, uncultivated ruderal areas
and road sides within the Thermomediterranean dry bio-
climatic belt. Physiognomically, it is differentiated by C.
setaceus together with L. clymenum, C. althaeoides, Dac-
tylis glomerata L. subsp. hispanica (Roth) Nyman, Bitumi-
naria bituminosa (L.) C.H.Stirt., Verbascum sinuatum L.,
Clinopodium nepeta (L.) Kuntze, Reichardia picroides (L.)
Roth, etc.

Northern Territory Government (2012) and EPPO (2023)
report that Cenchrus setaceus vegetation in its evolution-
ary process tends to close itself and form almost mono-
phitic communities, considerably reducing the community’s
diversity and floristic richness. Our results show that regard-
ing the number of taxa per relevé the C. setaceus and Hyp-
arrenia hirta communities have similar range (1542 vs.
16-51) and similar mean (26.0 vs. 25.3). Correspondingly
for the Shannon-Wiener diversity index (H) (1.67 vs. 1.94).
Thus, from a numeric point of view the C. setaceus grass-
lands are not less rich than those with H. hirta. From a quali-
tative point of view, the average biological spectra of the
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two communities are almost identical. From the chorologi-
cal point of view, the H. hirta community hosts 1.5% more
endemic species than the C. setaceus one (2.07 vs. 0.57%),
but this is limited to the occurrence of Euphorbia cerato-
carpa Ten. in the relevés near Catania, and more wide-rang-
ing species (29.05 vs. 27.67%). The percentage variations
are, however, small. The communities with H. hirta on the
two different geological substrata (carbonate and meta-
morphic) differ floristically while the communities with C.
setaceus are more homogeneous despite the differentiation
of substrates. C. sefaceus is not a true “Transformer alien”
according to the definition by Richardson et al. (2000); it
occupies large areas but performs the same role as fire pro-
moter and sediment stabiliser as H. hirta that it is gradually
replacing. As already reported by Czarniecka-Wiera et al.
(2019) from Central Europe, also in a Mediterranean habitat
we found no evidence that the effect of dominance for alien
species is stronger than for native ones.

Conclusions

This study finds that, numerically, communities dominated
by Cenchrus setaceus are not significantly less species-
rich compared to those dominated by H. hirta. Further-
more, from a qualitative perspective, the two communities
show remarkable similarities in terms of biological spectra,
chorological distribution, and life forms of the species pres-
ent. This suggests that the impact of C. sefaceus dominance
on species richness is not as pronounced.

The present findings have implications for the conserva-
tion and management of these Mediterranean dry grassland
communities. While C. sefaceus is replacing native spe-
cies and altering community dynamics, it is not necessarily
leading to a drastic loss of species richness. However, the
potential ecological impacts of this invasion, such as altered
ecosystem functions, changes in plant-animal interactions,
and the potential displacement of rarer species, warrant con-
tinued attention. This study, albeit on a small scale, has also
highlighted the ecological and floristic differences between
alien and native plant communities and the distinction of
the components of the invasion success that are useful for
understanding and predicting the spread of the alien com-
munity on natural habitats (Hulme et al. 2013).

In light of these findings, further research is recom-
mended to explore the impacts of invasive species on more
complex plant communities and to investigate the dynamics
of other invasive-native pairs. Additionally, ongoing moni-
toring and management efforts are crucial to understand-
ing the long-term consequences of C. sefaceus invasion on
these important habitats and to inform effective conserva-
tion strategies. As the threat of invasive species continues
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to loom over these ecosystems, collaboration between
researchers, land managers, and policymakers is essential to
maintain the ecological integrity and biodiversity of Medi-
terranean dry grasslands.

Supplementary Information The online  version  contains
supplementary material available at https://doi.org/10.1007/s42535-
024-00871-x.

Acknowledgements Carmelo Maria Musarella would like to thank
Valentina Lucia Astrid Laface and Giuseppe Caruso for their assis-
tance in the field work.

Funding The authors declare that no funds, grants, or other support
were received during the preparation of this manuscript. This research
was financially supported by the research program (Line 3 Starting
Grant Progetto HAB-VEG cod. 22722132172) funded by the Univer-
sity of Catania for Saverio Sciandrello).

Open access funding provided by Universita degli Studi di Catania
within the CRUI-CARE Agreement.

Data availability Data underlying this manuscript are provided in the
supplementary material.

Declarations
Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

Bartolucci F, Peruzzi L, Galasso G, Albano A, Alessandrini A,
Ardenghi NMG, Astuti G, Bacchetta G, Ballelli S, Banfi E, Bar-
beris G, Bernardo L, Bouvet D, Bovio M, Cecchi L, Di Pietro R,
Domina G, Fascetti S, Fenu G, Festi F, Foggi B, Gallo L, Gott-
schlich G, Gubellini L, lamonico D, Iberite M, Jiménez-Mejias
P, Lattanzi E, Marchetti D, Martinetto E, Masin RR, Medagli
P, Passalacqua NG, Peccenini S, Pennesi R, Pierini B, Poldini
L, Prosser F, Raimondo FM, Roma-Marzio F, Rosati L, Santan-
gelo A, Scoppola A, Scortegagna S, Selvaggi A, Selvi F, Soldano
A, Stinca A, Wagensommer RP, Wilhalm T, Conti F (2018) An
updated checklist of the vascular flora native to Italy. Pl Biosyst
152(2):179-303. https://doi.org/10.1080/11263504.2017.14199
96

Borruso S, Furnari F (1960) Due nuove avventizie in Sicilia: Pennis-
etum villosum R. Br. E Xanthium italicum Moretti. Boll Ist Bot
Univ Catania s 2, 31959:7

Braun-Blanquet J (1964) Pflanzensoziologie. Grundziige Der Vegeta-
tionskunde, 3rd edn. Springer, Wien, Austria, pp 1-330

Bray JR, Curtis JT (1957) An ordination of the upland forest communi-
ties of southern Wisconsin. Ecol Monogr 27:325-349

Brullo C, Brullo S, Giusso del Galdo G, Guarino R, Minissale P,
Scuderi L, Siracusa G, Sciandrello S, Spampinato G (2010) The
Lygeo-Stipetea class in Sicily. Ann Bot 2010: 57-84. https://doi.
org/10.4462/annbotrm-9119

Brullo S, Brullo C, Cambria S, Giusso del Galdo G (2020) Xerophi-
lous Grasslands. The vegetation of the Maltese Islands. Geo-
botany studies. Springer, Cham, pp 157-177. https:/doi.
org/10.1007/978-3-030-34525-9 15

Bruno F (1939) Una Graminacea ornamentale: Pennisetum Ruppellii
Steud. Boll Ist Bot Messina 1:175-176

Buisson E, Dutoit T (2006) Creation of the natural reserve of La Crau:
implications for the creation and management of protected areas.
J Environ Manage 80(4):318-326. https://doi.org/10.1016/j.
jenvman.2005.09.013

Buono V (2013) 0054. Cenchrus setaceus (Forssk.) Morrone in Buono
V, Lazzeri V, Magni C, Manni QG, Nicolella G (eds) Acta Planta-
rum Notes 1 Araba Fenice, Boves (CN), p 107

Caruso G, Capuano A (2023) New records for the alien vascular flora
of Calabria (S-Italy). Research Journal of Ecology and Environ-
mental Sciences...

Celesti-Grapow L, Bassi L, Brundu G, Camarda I, Carli E, D’Auria
G, Del Guacchio E, Domina G, Ferretti G, Foggi B, Lazzaro L,
Mazzola P, Peccenini S, Pretto F, Stinca A, Blasi C (2016) Plant
invasions on small Mediterranean islands: an overview. Pl Bio-
syst 150(5):1119-1133. https://doi.org/10.1080/11263504.2016.
1218974

Chejara VK, Kiriticos DJ, Kristiansen P, Sindel BM, Whalley RDB,
Nadolny C (2010) The current and future potential geographi-
caldistribution ofHyparrhenia Hirta. Weed Res 50:174-184.
https://doi.org/10.1111/1.1365-3180.2010.00765.x

Cronk QCB, Fuller JL (1995) Plant invaders. Chapman and Hall, Lon-
don, UK

Czarniecka—Wiera M, Kacki Z, Chytry M, Palpurina S (2019) Diver-
sity loss in grasslands due to the increasing dominance of alien
and native competitive herbs. Biodiv Conserv 28:2781-2796.
https://doi.org/10.1007/s10531-019-01794-9

D’Amico A, Gianguzzi L (2006) Note ecologiche e distributive su
poaceae di interesse fitogeografico in Sicilia. Naturalista Sicil
30:59-74

Del Vecchio S, Fantinato E, Janssen JAM, Bioret F, Acosta A, Prisco I,
Tzonev R, Marceno C, Rodwell J, Buffa G (2017) Biogeographic
variability of coastal perennial grasslands at the European scale.
Appl Veg Sci 21(2):312-321. https://doi.org/10.1111/avsc.12356

Domina G, Galasso G, Bartolucci F, Guarino R (2018) Ellenberg Indi-
cator Values for the vascular flora alien to Italy. F1 Medit 28:53—
61. https://doi.org/10.7320/FIMedit28.053

Ellenberg H, Weber HE, Diill R, Wirth V, Werner W, Paulissen D
(2001) Zeigerwerte Von Pflanzen in Mitteleuropa. Scripta Geobot
18:1-97

Elton CS (1958) The ecology of invasions by animals and plants.
Methuen, London, UK

EPPO (2023) Pennisetum setaceum (Poaceae). https://gd.eppo.int/
taxon/PESSA/documents. Accessed 05/07/2023

Faber-Langendoen D, Josse C (2010) World grasslands and biodiver-
sity patterns. NatureServe, Arlington, Virginia, USA

Fick SE, Hijmans RJ (2017) WorldClim 2: new 1-km spatial resolution
climate surfaces for global land areas. Int J Climatol 37:4302—
4315. https://doi.org/10.1002/joc.5086

Frigato V (1954) Una nuova pianta naturalizzata italiana: Il Pennis-
etum setaceum (Forssk.) Chiov. N Giorn Bot Ital 60:925-928

Galasso G, Conti F, Peruzzi L, Ardenghi NMG, Banfi E, Celesti-
Grapow L, Albano A, Alessandrini A, Bacchetta G, Ballelli S,

@ Springer


https://doi.org/10.4462/annbotrm-9119
https://doi.org/10.4462/annbotrm-9119
https://doi.org/10.1007/978-3-030-34525-9_15
https://doi.org/10.1007/978-3-030-34525-9_15
https://doi.org/10.1016/j.jenvman.2005.09.013
https://doi.org/10.1016/j.jenvman.2005.09.013
https://doi.org/10.1080/11263504.2016.1218974
https://doi.org/10.1080/11263504.2016.1218974
https://doi.org/10.1111/j.1365-3180.2010.00765.x
https://doi.org/10.1007/s10531-019-01794-9
https://doi.org/10.1111/avsc.12356
https://doi.org/10.7320/FlMedit28.053
https://gd.eppo.int/taxon/PESSA/documents
https://gd.eppo.int/taxon/PESSA/documents
https://doi.org/10.1002/joc.5086
https://doi.org/10.1007/s42535-024-00871-x
https://doi.org/10.1007/s42535-024-00871-x
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/11263504.2017.1419996
https://doi.org/10.1080/11263504.2017.1419996

Vegetos

Bandini Mazzanti M, Barberis G, Bernardo L, Blasi C, Bouvet D,
Bovio M, Cecchi L, Del Guacchio E, Domina G, Fascetti S, Gallo
L, Gubellini L, Guiggi A, lamonico D, Iberite M, Jiménez-Mejias
P, Lattanzi E, Marchetti D, Martinetto E, Masin RR, Medagli P,
Passalacqua NG, Peccenini S, Pennesi R, Pierini B, Podda L,
Poldini L, Prosser F, Raimondo FM, Roma-Marzio F, Rosati L,
Santangelo A, Scoppola A, Scortegagna S, Selvaggi A, Selvi F,
Soldano A, Stinca A, Wagensommer RP, Wilhalm T, Bartolucci F
(2018a) An updated checklist of the vascular flora alien to Italy.
Pl Biosyst 152(3):556-592. https://doi.org/10.1080/11263504.20
18.1441197

Galasso G, Domina G, Adorni M, Ardenghi NMG, Bonari G, Buono
S, Cancellieri L, Chianese G, Ferretti G, Fiaschi T, Forte L, Gua-
rino R, Labadessa R, Lastrucci L, Lazzaro L, Magrini S, Minuto
L, Mossini S, Olivieri N, Scoppola A, Stinca A, Turcato C, Nepi
C (2018b) Notulae to the Italian alien vascular flora: 5. Ital Bot
5:45-56. https://doi.org/10.3897/italianbotanist.5.25910

Gianguzzi L, Ilardi V, Raimondo FM (1993) La vegetazione del prom-
ontorio di Monte Pellegrino (Palermo). Quad Bot Amb Appl
4(1993):79-137

Guarino R, La Rosa M (2019) Flora d’Italia digitale (Digital Italian
Flora). In: Pignatti S, Guarino R, La Rosa M (eds) Flora d’Italia,
2nd edition. New Business Media, Milano

Guarino R, Domina G, Pignatti S (2012) Ellenberg’s Indicator values
for the Flora of Italy— first update: Pteridophyta, Gymnosper-
mae and Monocotyledoneae. F1 Medit 22:197-209. https://doi.
org/10.7320/FIMedit22.197

Guarino R, Chytry M, Attorre F, Landucci F, Marceno C (2021)
Alien plant invasions in Mediterranean habitats: an assessment
for Sicily. Biol Invas 23:3091-3107. https://doi.org/10.1007/
$10530-021-02561-0

Hadjigeorgioul (2011) Past, present and future of pastoralism in Greece.
Pastoralism 1(1):24. https://doi.org/10.1186/2041-7136-1-24

Huang H, Zinnert JC, Wood LK, Donald R, Young DRY, D’Odorico P
(2018) Non-linear shift from grassland to shrubland in temperate
barrier islands. Ecology 99(7):1671-1681

Hulme PE, Pysek P, Jarosik V, Pergl J, Schaffner U, Vila M (2013)
Bias and error in understanding plant invasion impacts. Trends
Ecol Evol 28:212-218

Kaufman S (2022) Pennisetum setaceum (fountain grass),
CABI Compendium. CABI Int. https://doi.org/10.1079/
cabicompendium. 116202

Laface VLA, Musarella CM, Cano Ortiz A, Quinto Canas R, Can-
navo S, Spampinato G (2020) Three new alien taxa for Europe
and a chorological update on the alien vascular flora of Calabria
(Southern Italy). 1181 Plants 2020(9,):. https://doi.org/10.3390/
plants9091181

Lozano V, Di Febbraro M, Brundu G, Carranza ML et al (2023) Plant
invasion risk inside and outside protected areas: Propagule pres-
sure, abiotic and biotic factors definitively matter. Sci Total Envi-
ron 877:162993. https://doi.org/10.1016/j.scitotenv.2023.162993

Lucchese F (2017) Atlante della Flora Vascolare Del Lazio: Cartogra-
fia, Ecologia E Biogeografia. Parte generale e Flora Alloctona,
vol 1. Regione Lazio, Direzione Capitale Naturale, Parchi e Aree
Protette, Roma, p 352

Mack RN, Simberloff D, Londsdale WM, Evans H, Clout M, Bazzaz
FA (2000) Biotic invasions: causes, epidemiology, global conse-
quences, and control. Ecol Appl 10(3):689-710

Maire R (1952) Flore De I’ Afrique Du Nord, vol 1. Paul Le Chevalier,
Paris

@ Springer

McCune B, Mefford MJ (2011) Multivariate Analysis of Ecological
Data, Version 6; MjM Software PC-ORD: Gleneden Beach, Ore-
gon, U.S.A, 2011, pp. 1-34

Molina JA, Martin-Sanz JP, Valverde-Asenjo I, Sanchez-Jiménez A,
Quintana JR (2022) Mediterranean grassland succession as an
indicator of changes in ecosystem biodiversity and function-
ality. Biodivers Conserv 32:95-118. https://doi.org/10.1007/
s10531-022-02481-y

Musarella CM, Stinca A, Cano-Ortiz A, Laface VLA, Petrilli R,
Esposito A, Spampinato G (2020) New data on the alien vascu-
lar flora of Calabria (southern Italy). Ann Bot (Roma 10:55-66.
https://doi.org/10.13133/2239-3129/14838

Musarella CM, Laface VLA, Angiolini C, Bacchetta G, Bajona E,
Banfi E, Barone G, Biscotti N, Bonsanto D, Calvia G et al (2024)
New Alien Plant Taxa for Italy and Europe: an update. Plants
13(5):620. https://doi.org/10.3390/plants13050620

Northern Territory Government (2012) Fountain grass (Cenchrus seta-
ceus): NT Weed Risk Assessment Technical Report, Northern
Territory Government, Darwin

Pasta S, Badalamenti E, La Mantia T (2010) Tempi e¢ modi di
un’invasione incontrastata: Pennisetum setaceum (Forssk.)
Chiov. (Poaceae) in Sicilia. Naturalista Sicil 34:63-201

Pignatti S, Pignatti Wikus E (1963) Contribuzione alla flora siciliana.
Pubbl Ist Bot Univ Trieste 14(5):13-14

Richardson DM, Pysek P, Rejmanek M, Barbour MG, Panetta FD,
West C (2000) Naturalisation and invasion of alien plants: con-
cept and definitions. Divers Distrib 6:93—-107

San Miguel A (2008) Management of Natura 2000 habitats. 6220
*Pseudo-steppe with grasses and annuals of the Thero-Brachypo-
dietea. European Commission

Simberloff D, Martin J-L, Genovesi P, Maris V, Wardle DA, Aronson
J, Courchamp F, Galil B, Garcia-Berthou E, Pascal M, Pysek
P, Sousa R, Tabacchi E, Vila M (2013) Impacts of biological
invasions: what’s what and the way forward. Trends Ecol Evol
28:58-66

Spampinato G, Laface VLA, Posillipo G, Cano Ortiz A, Quinto Canas
R, Musarella CM (2022) Alien flora in Calabria (Southern Italy):
an updated checklist. Biol Invasions 24:2323-2334. https://doi.
org/10.1007/510530-022-02800-y

Stinca A, Musarella CM, Rosati L, Laface VLA, Licht W, Fanfarillo
E, Wagensommer RP, Galasso G, Fascetti S, Esposito A, Fiaschi
T, Nicolella G, Chianese G, Ciaschetti G, Salerno G, Fortini P, Di
Pietro R, Perrino EV, Angiolini C, De Simone L, Mei G (2021)
Italian vascular Flora: New findings, updates and Exploration of
Floristic similarities between regions. Diversity 13:600. https://
doi.org/10.3390/d13110600

Trotta G, Vuerich M, Petrussa E, Hay FR, Assolari S, Boscutti F Ger-
mination performance of alien and native species could shape
community assembly of temperate grasslands under different
temperature scenarios. Pl Ecol 224:1097-1111., Steffen W (2023)
(1997) An overview of the implications of global change for natu-
ral and managed terrestrial ecosystems. Conserv Ecol 2(2):2

Ward JH (1963) Hierarchical grouping to optimize an objective func-
tion. J Amer Stat Assoc 58(301):236-244

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.


https://doi.org/10.1007/s10531-022-02481-y
https://doi.org/10.1007/s10531-022-02481-y
https://doi.org/10.13133/2239-3129/14838
https://doi.org/10.3390/plants13050620
https://doi.org/10.1007/s10530-022-02800-y
https://doi.org/10.1007/s10530-022-02800-y
https://doi.org/10.3390/d13110600
https://doi.org/10.3390/d13110600
https://doi.org/10.1080/11263504.2018.1441197
https://doi.org/10.1080/11263504.2018.1441197
https://doi.org/10.3897/italianbotanist.5.25910
https://doi.org/10.7320/FlMedit22.197
https://doi.org/10.7320/FlMedit22.197
https://doi.org/10.1007/s10530-021-02561-0
https://doi.org/10.1007/s10530-021-02561-0
https://doi.org/10.1186/2041-7136-1-24
https://doi.org/10.1079/cabicompendium.116202
https://doi.org/10.1079/cabicompendium.116202
https://doi.org/10.3390/plants9091181
https://doi.org/10.3390/plants9091181
https://doi.org/10.1016/j.scitotenv.2023.162993

	﻿Competition between alien and native species in xerothermic steno-Mediterranean grasslands: ﻿Cenchrus setaceus﻿ and ﻿Hyparrhenia hirta﻿ in Sicily and southern Italy
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study area and sampling design

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


