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Abstract

Aims: In Southern Europe, grassland phytosociologists typically do not record non-vascular plant taxa and focus either
on annual or perennial vascular plants even when both groups co-occur spatially. By contrast, researchers from tem-
perate and northern Europe typically aim to record the entire community. We thus asked how such a comprehensive
sampling approach would affect vegetation classification and biodiversity analyses when applied to Mediterranean dry
grasslands. Study area: Island of Sicily, Italy. Methods: We sampled homogeneous stands of dry grasslands of different
soil types and from sea level to 1200 m a.s.l. with nested-plot series and additional 10-m? plots, each with a complete
list of all terricolous vascular plant, bryophyte and lichen taxa. For the 67 10-m?* plots we additionally estimated the
cover values of the species and determined structural, topographic and soil variables. We subjected these 67 plots to
TWINSPAN and determined diagnostic taxa for the clusters at two hierarchical levels. Results: The mean total spe-
cies richness increased from 2.1 in 0.0001 m* to 60.6 in 100 m? with 15% non-vascular plant taxa on average. The four
main TWINSPAN clusters corresponded to base-rich coastal sands (mainly Ammophiletea), acidic inland sands (mainly
Poetea bulbosae), nutrient-rich loamy soils (mainly Chenopodietea) and alkaline clayish soils (mainly Lygeo-Stipetea).
Each cluster contained annual and perennial plants and mostly also non-vascular plant taxa, both in the species com-
bination and the diagnostic species. Conclusions: Alpha and beta diversity of Mediterranean grasslands is higher than
previously thought. While our numerical analyses yielded well characterised and ecologically meaningful units, there
was no separation of annual and perennial grassland types at the higher level. We thus recommend recording all vascu-
lar plant species occurring in the plot also in Mediterranean regions, so as to allow straightforward comparisons with
the rest of Europe in biodiversity studies.

Taxonomic reference: Euro+Med (2025) for vascular plants and bryophytes (with very few exceptions given in the
Methods), ITALIC 8.0 (Nimis et al. 2025) for lichens.

Syntaxonomic references: Mucina et al. (2016) for alliances, orders and classes, except for the Ammophiletea where we
adopt the European revision by Marceno et al. (2024), while those for associations are provided in the syntaxonomic
overview.

Abbreviations: ANOVA = analysis of variance; CSR = competitive/stress-tolerant/ruderal; DCA = detrended cor-
respondence analysis; EDGG = Eurasian Dry Grassland Group; EIVE = Ecological Indicator Values for Europe 1.0;
NMDS = non-metric multidimensional scaling; TWINSPAN = two-way indicator species analysis.
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Introduction

In the warmest and most arid sectors of the Mediterra-
nean bioclimatic region, dry grasslands are often divided
into two structural types: those dominated by therophytes
and those dominated by perennial bunchgrasses and oth-
er hemicryptophytes (Guarino et al. 2020). Geophytes are
common in both types and significantly contribute to the
overall physiognomy. As a matter of fact, the distinction
between the two structural types is not always easy, because
the main species of both kinds often live together, with al-
ternating dominance, depending on environmental filter-
ing and stochasticity. The Mediterranean dry grasslands
are influenced not only by the site conditions, but also by
management-induced disturbances (Naveh 1991; Gaujo-
ur et al. 2012) and by unevenly distributed environmental
drivers, like the volatilisation of organic matter through
periodical fires (Blasi et al. 2004; Bonanomi et al. 2018) or
the seed rearrangement and predation by ants (Guarino et
al. 2005). Winter grazing, intense summer drought, and
competition for seasonally limited soil resources tend to
favour the annual strategy (Westoby 1980; Aboling et al.
2008). Conversely, early spring grazing and recurrent fires
may promote the establishment of hard-leaved perenni-
al grasses by reducing the likelihood of a persistent seed
bank of therophytes (Russi et al. 1992; Mossa et al. 2004).
The density of perennial vs. annual grasses can be influ-
enced also by the soil compaction: an excessive grazing
pressure during the rainy season compacts the soil near
the surface, which reduces infiltration, percolation, and
water holding capacity, pushing the rhizosphere near the
surface (Menke 1989). Soil compaction also impedes root
elongation, placing deep rooted species at a disadvantage
during seedling establishment and facilitating the affirma-
tion of annual plants and small caespitose grasses, like Poa
bulbosa. Also, differences in germination date and early
seedling vigour, interacting with environmental drivers
and stochastic events, may determine the competitive
ability of one functional group against the other (Joffre
1990; Garnier 1992).

Taken together, these ecological processes create fine-
scale mosaics of annual- and perennial-dominated patch-
es. This ecological heterogeneity has direct methodological
consequences on how vegetation is sampled and classified.
Different life strategies pose a serious methodological is-
sue in phytosociological investigations. Thus, in recent
decades the idea has emerged to separate therophytic
from perennial vegetation units and to treat mixed annu-
al-perennial stands as quasi-synusiae (e.g. Rivas-Martinez
1978; Géhu 1996) and is now relatively widely followed
by Mediterranean phytosociologists (Guarino et al. 2018).

Accordingly, mixed stands are often sampled with differ-
ently sized plots, in which the representatives of one of
the two concerned life forms will be carefully and ex-
haustively recorded, together with the most common
and frequent representatives of the other, seen in that
context as “‘companion” species. Thus, for instance, the
class Thero-Brachypodietea Br.-Bl. ex Br.-Bl. et al. 1952,
which in the original definition included both perennial,
annual and mixed Mediterranean dry grasslands (Bolos
and Bolos 1950) has been split by Rivas-Martinez (1978)
into two classes comprising, respectively, therophytes or
hemicryptophytes only.

From an ecological perspective, this separation aligns
with the contrasting adaptive strategies of annual and
perennial species. According to Madon and Médail
(1997), the interstitial spaces occupied by annuals corre-
spond to ‘gradient wells), i.e. micro-sites characterized by
more severe drought, often due to thinner and/or more
compact soils. In such xeric conditions, patches may re-
main devoid of perennials for extended periods and can
be regarded and interpreted as independent microhab-
itats. Also, nutrients can be unevenly distributed in the
soils of Mediterranean drylands. Areas near perennial
bunchgrasses often contain higher nutrient concentra-
tions than the interstitial spaces occupied by annuals, due
to interactions among water circulation, microbiotic soil
crusts, and hydrological processes (Puigdefabregas et al.
1999; Belnap et al. 2025).

The application of this quasi-synusial sampling meth-
od, which records annual and perennial species separate-
ly, has an important consequence: not only was species
cover estimated visually, as is usually done in the phy-
tosociological approach, but the surface of sampled area
was also very often approximated by eye (Guarino et al.
2018). Consequently, caution should be exercised when
using such data, especially in macroecological compara-
tive studies on species distribution and diversity patterns
(Graco-Roza et al. 2022; Sabatini et al. 2022; Veclefa et
al. 2023). In temperate and boreal Europe, phytosocio-
logical sampling of grasslands is designed to record all
vascular plants and, particularly in dry grasslands, also
terricolous bryophytes and lichens within a precisely
delimited plot. This approach provides an accurate rep-
resentation of overall grassland species diversity but, for
the reasons above, available data are much less precise for
the Mediterranean Region.

The Eurasian Dry Grassland Group (EDGG; https://
www.edgg.org) is an international network of vegeta-
tion ecologists devoted to the study, conservation, and
promotion of dry grasslands across the Palaearctic.
Among its core activities are the Research Expeditions
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(Field Workshops), during which international teams of
experts jointly collect high-quality vegetation-plot data
following standardized protocols (Dengler et al. 2018;
Biurrun et al. 2019). In this way, EDGG expeditions
contribute simultaneously to both regional and macroe-
cological research, as well as to evidence-based conser-
vation strategies.

Against this background, the fourth EDGG Research
Expedition was organized in Sicily, a biogeographical-
ly complex region at the centre of the Mediterranean
Basin, characterized by pronounced climatic gradients,
high geological diversity, and a remarkable proportion
of endemic species (Guarino 2011; Guarino et al. 2012).
The advantage of organising the EDGG Research Expe-
dition in Sicily lies primarily in the fact that the island’s
herbaceous vegetation has been the subject of numer-
ous phytosociological studies, ranging from ruderal and
synanthropic communities (Brullo and Marceno 1985)
to perennial grasslands (Brullo et al. 2010), along with a
wide array of sub-regional contributions (a comprehen-
sive bibliography is reported in Guarino and Pasta 2017).
The main aims of the expedition were: (1) to shed light
on the syntaxonomic position of Sicilian dry grasslands,
with particular attention to the relationship between an-
nuals- and perennials-dominated grasslands; (2) to ana-
lyse patterns of species diversity and life-form strategies,
evaluating species-area relationships and quantifying the
relative contributions of annuals, perennials, bryophytes,
and lichens to overall community structure, richness, and
physiognomy; (3) to identify some environmental and
land-use drivers that mediate the balance between annu-
al- and perennial-dominated stands.

Study area

Sicily, located in southern Italy, is the largest Mediterrane-
an island, covering about 25,700 km? (Figure 1). It extends
from c. 36.7° to 38.3° northern latitude and from c. 12.5°
to 15.6° eastern longitude. The Sicilian landscapes are pre-
dominantly hilly or mountainous: 24.5% of the island is
above 700 m a.s.l.; 61.4% between 300 and 700; 14.1% be-
low 300 m a.s.l

The climate of the investigated areas is typically Med-
iterranean, characterized by a pronounced summer
drought and mean temperatures of the coldest month
exceeding 6 °C. Average temperatures range from 7 to
11 °C in winter to 22-26 °C in summer. Annual precip-
itation varies between 450 and 990 mm, with up to 80%
occurring between October and April (Bazan et al. 2015).
Temperature decreases and precipitation increases with
altitude. According to the bioclimatic classification of Ri-
vas-Martinez et al. (2007), all sampled plots fall within the
thermo- and mesomediterranean thermotypes and the
subhumid to humid ombrotypes.

Sicily exhibits a remarkable variety of soils, differing
in both chemical and textural properties (Fierotti 1997).
The development and diversification of Mediterranean
dry grasslands on the island have been facilitated by the
combined effects of high topographic heterogeneity and
diverse land-use practices. Naturally, dry grasslands occur
mainly on steep slopes, from where they expand across the
landscape, particularly in rangelands, abandoned fields,
and areas frequently affected by fire (Guarino et al. 2020).

Our study sites encompassed the foothills and low-
er slopes of: (i) the Panormid Complex (western Sicily),

Figure 1. Map showing the position of Sicily in Italy and the distribution of the sampling sites on the island (black

squares).
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composed of carbonate rocks overlying a basal complex
of carbonate sands and clays; (ii) the ‘Gessoso-Solfifera
formation (central and southern Sicily), characterised by
hilly outcrops of the Messinian evaporitic series, inter-
spersed with whitish late Pliocene marls and yellowish
Plio-Pleistocene calcareous sandstones; (iii) coastal and
inland sand dunes in south-eastern Sicily (Caltagirone,
Niscemi, Gela); and (iv) the northeastern flank of Mt.
Etna, the largest active volcano in the Mediterranean Ba-
sin, up to an elevation of 1200 m a.s.l. (Finetti et al. 2005)
(Figure 1). These four areas were selected because they
offer representative examples of Sicilian dry grasslands
within the thermomediterranean vegetation belt, where
the sampling period allowed us to capture the optimal
phenological stage of the herbaceous communities. The
sites in southern and western Sicily, in particular, encom-
pass a wide selection of geo-lithological contexts in which
thermomediterranean dry grasslands typically occur. The
inclusion of Mt. Etna’s northeastern flank, although out-
side the core area of our sampling focus, was motivated by
the ecological uniqueness of its volcanic substrates, which
offered an opportunity to compare dry grassland assem-
blages under contrasting environmental conditions.

Methods

Field sampling

The sampling took place from March 29" to April 5, 2012,
in the optimal period to observe early-flowering geophytes
and therophytes. That time was a bit too early for the full
blossom of the perennial vegetation, but the identification
of non-flowering species from vegetative traits has been
possible in most cases. To cover a broad range of different
types, we sampled dry grasslands in different sites across the
island, from lowlands to mid-elevations (Figure 1), with a
diversity of soil types. Within each sampling site, we subjec-
tively selected homogeneous stands of the different physi-
ognomic and ecological types that could be recognized in
the field, trying to sample replicates of the same structural
type whenever possible. While various phytosociological
studies on dry grasslands of Sicily exist (for reviews, see de
Foucault 1999; Brullo et al. 2007a, 2007b, 2010), the syntax-
onomical attribution was disregarded and the only criteria
to choose the sampling stands were the structural homo-
geneity and the lack of shrubs and trees. Accordingly, the
sampled vegetation plots reflected common structural types
and their “typical” floristic composition.

We sampled in total 21 “EDGG Biodiversity Plots”, i.e.
nested plot series with seven grain sizes from 0.0001 to
100 m?, where the six smaller grain sizes are replicated
in two opposite corners of the 100 m? plot (Dengler et
al. 2016). To complement the sampling and cover broad-
er variety of dry grasslands, we additionally sampled 25
“EDGG Normal Plots” of 10 m?. Thus, in total 67 10-m?
plots were available for the classification. All terricolous
species observed in the plots were recorded with the shoot

presence method (Dengler 2008), including perennial and
annual vascular plants, bryophytes, and lichens (Dengler
et al. 2016). Only saxicolous and epiphytic non-vascular
plant taxa were excluded from sampling. We estimated
each species’ percentage cover on a continuous scale (for
discussion of advantages of this method compared to or-
dinal scales, see Dengler and Dembicz 2023).

Following the EDGG sampling methodology (Den-
gler et al. 2016), we recorded the following in situ envi-
ronmental and structural variables: geographical position
(latitude, longitude), elevation (m a.s.L.), slope aspect (°),
slope inclination (°), maximum microrelief (cm), soil
depth (cm, mean and SD of five measurements per plot),
vegetation covers (%; total vegetation, shrub layer, herb
layer, moss layer), cover of litter (%), covers of stones and
rocks, gravel, and fine soil (all three fractions summing
up to 100%), maximum height of shrubs (m), maximum
height of herbs (cm), height of herb layer (cm, mean and
SD of five measurements with a free falling disc per plot),
and land use details (evidence of grazing, mowing, burn-
ing, abandonment).

Plant species were mostly determined in the field; spec-
imens of species that were not confidently determined in
situ were collected for further identification, with the help
of floras and stereo-microscopes. Vascular plants were pri-
marily identified using Flora d'Ttalia (Pignatti 1982) and
the interactive identification tools of its second edition
(Pignatti et al. 2017-2019). Bryophytes were identified
using mainly Frey et al. (2006) and Frahm (2010), while
lichens were identified mainly with Nimis et al. (2025, re-
spectively, its older editions) and Wirth et al. (2013). Crit-
ical taxa of vascular plants were compared with herbarium
specimens (PAL and CAT). Taxonomy was standardised
to Euro+Med (2025) for vascular plants and bryophytes
and to Nimis et al. (2025) for lichens. In addition to these
general standards, we accepted Rubus canescens aggr.
(R. canescens and related species), Rubus aetnicus Weston,
Adenocarpus complicatus subsp. bivonae (C. Presl) Peruzzi
and Fissidens kosaninii Latzel, the latter three being accept-
ed in GBIF (2025), but not included in Euro+Med (2025),
not even as a synonym. In the Italian bryophyte checklist,
E kosaninii is included in E. viridulus s.1. (Aleffi et al. 2020).
We also used Euro+Med (2025), Aleffi et al. (2020) and
ITALIC 8.0 (Nimis et al. 2025) to assess whether a taxon
possibly was recorded for the first time for Sicily.

The data of the 10-m? as well as those of the other grain
sizes are provided as Suppl. material 1 and stored in and
available from the GrassPlot database (Dengler et al. 2018;
Biurrun et al. 2019, 2021; https://edgg.org/databases/
GrassPlot) as dataset IT_A.

Life forms and life strategies

To explore floristic differences among the investigated
grasslands and their phytosociological interpretation, we
evaluated the percentage frequency of life forms accord-
ing to Raunkiaer’s definitions (Raunkiaer 1905) in each


https://edgg.org/databases/GrassPlot
https://edgg.org/databases/GrassPlot

s
=

Vegetation Classification and Survey

305

sampled plot. However, life-form spectra alone were con-
sidered insufficient to fully capture the observed compo-
sitional and structural variation, since annual species can
occur abundantly in both natural and synanthropic habi-
tats. Therefore, life forms were combined with Grime’s CSR
life-strategy framework (Grime 1988), assigned through
expert assessment based on the preferential habitat of each
species in Sicily - due to the lack of a comprehensive CSR
system for Mediterranean species. Given that all species
of Mediterranean dry grasslands must be stress-tolerant
to some extent in order to withstand summer drought,
the competitive (C) strategy was assigned to species be-
lieved to primarily occur in vegetation of the classes Lygeo
sparti-Stipetea tenacissimae, Molinio-Arrhenatheretea, On-
onido-Rosmarinetea (sprouters), and Quercetea ilicis. The
stress-tolerant (S) strategy was attributed to species whose
preferential habitats belong to Ammophiletea, Poetea bul-
bosae, Helianthemetea guttati, Asplenietea trichomanis (As-
plenietalia glandulosi), Ononido-Rosmarinetea (seeders),
Pegano harmalae-Salsoletea vermiculatae, and Drypidetea
spinosae. Finally, the ruderal (R) strategy was assigned to
species typical of Chenopodietea, Artemisietea vulgaris,
Cymbalario-Parietarietea diffusae, and Polygono-Poetea
annuae. Thus, our CSR assignment is a simplified version,
not accounting for the numerous intermediate strategies
(Pierce et al. 2017), while being restricted to the scope of
the present study. Both assignments used here are provided
in Suppl. material 2 together with the plant nomenclature
used here and in “Flora d'Ttalia” (Pignatti et al. 2017-2019).

Site conditions

Soil samples were collected from the topsoil (0-15 cm) at
five randomly selected points within each plot after the sur-
face litter had been removed. The field-moist soil samples
were air-dried and sieved at 2 mm to remove the soil skel-
eton. The soil texture class of each sample was determined
using the haptic test (Schlichting et al. 1995). The percent-
age content of each fine soil fraction (i.e. sand: 2-0.02 mm,
silt: 0.02-0.002 mm, and clay: < 0.002 mm) was then cal-
culated as the midpoint of the typical range for each tex-
ture class according to Schlichting et al. (1995). Soil pH and
electrical conductivity (EC) were measured in a suspension
with distilled water at a soil/water mass ratio of 1:2.5 using
a glass membrane electrode. The organic matter content
was measured using the loss on ignition method with dry
combustion at a temperature of 550 °C for 4 hours.

To infer further site conditions that are not easy to
measure in the field, we applied mean ecological indi-
cator values (Diekmann 2003). Specifically, we used the
Ecological Indicator Values for Europe (EIVE) 1.0 (Deng-
ler et al. 2023) as they are to date the taxonomically most
comprehensive system and have been shown to outper-
form regional systems (Ostrowski et al. 2025). We used
unweighted means as they are usually much stronger
correlated with measured environmental variables than
weighted means (Ostrowski et al. 2025). Selecting all cur-

rently available EIVE indicators, we covered the niches
for soil moisture (M), reaction (R) and nitrogen (N) as
well as light (L) and temperature (T) of vascular plants.
For subspecies not covered by EIVE, we used the EIVEs of
the species level. Similarly, “cf” determinations were con-
sidered as the respective taxon in the calculation of mean
EIVEs. Only very few species were missing in EIVE 1.0.

Statistical analyses

We used unsupervised cluster analysis to identify the
main vegetation units based on floristic similarity only
(De Caceres et al. 2015). Specifically, we applied Two-way
indicator species analysis (TWINSPAN; Hill 1979) in its
modified version (Rolecek et al. 2009) as implemented in
the JUICE software (Tichy 2002) because this algorithm
is supposed to mimic phytosociological classification (Hill
1979). We used the following settings: (i) maximum num-
ber of clusters: 15; (ii) minimum group size for division:
2; (iii) clustering algorithm: average Serensen dissimilarity.
While the definitive analysis was done with all taxa in the
plots, for comparison, we conducted the same analysis also
for the following subsets of species: only vascular plants,
only perennial vascular plants, only annual vascular plants,
and only non-vascular plant taxa. The distance between the
clusters obtained through the hierarchical classification of
the whole dataset and the corresponding ones of each sub-
set was then evaluated by means of the Jaccard similarity
index. After the clustering, the optimal number of clusters
was determined with crispness analysis (Botta-Dukat et al.
2005), based on 30 species randomly selected among those
having more than 50% occurrences in the dataset.

Finally, we applied ordination techniques to visualise
how well the obtained clusters are separated in the floristic
space. On the one hand, we performed non-metric multi-
dimensional scaling (NMDS) on square-root transformed
data with down-weighting of rare species. This was done
for the entire dataset by the ‘vegan' package (Oksanen et
al. 2025) in the statistical software R (R Core Team 2025).
On the other hand, we conducted detrended correspond-
ence analyses (DCA) for the entire dataset as well as for
three subsets (perennial vascular plants, annual vascular
plants, non-vascular plant taxa). This was done in PCOrd
6.0 (McCune and Grace 2002) on log(x+1) transformed
data with down-weighting of rare species. We applied
both NMDS and DCA because the two techniques ad-
dress different methodological needs. NMDS provides
a robust, non-parametric representation of floristic dis-
similarities and is less constrained by assumptions about
species—environment relationships, making it suitable
for visualising overall compositional patterns. DCA, by
contrast, offers axis scaling in units of species turnover
and therefore allows a direct ecological interpretation of
gradient lengths. Running DCA on the full dataset and
on taxonomic subsets (perennials, annuals, non-vascular
plant taxa) enabled us to assess whether the main floristic
gradients are consistent across life-form groups.
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For the resulting hierarchical classification, we deter-
mined diagnostic species at a higher and at a lower cluster
resolution. We did so with the phi coefficient of associa-
tion (Chytry et al. 2002), standardised to equal number
of plots at the lower hierarchical level (Tichy and Chytry
2006). Since hierarchical phi-values are not available in
JUICE (Tichy 2002), we calculated them in MS Excel
(see Vassilev et al. 2024 for a similar implementation of
a hierarchical system of phi-values). For a taxon to be
diagnostic, we required phi > 0.5 and for being highly
diagnostic phi > 0.7. At the same time, we required del-
ta-phi > 0.5 towards the cluster of the same level with the
next-highest phi-value (see Vassilev et al. 2024). To avoid
spurious results, we disregarded cases where a diagnostic
taxon occurred only once in the characterised cluster. If a
taxon fulfilled the criteria of a diagnostic species at both
hierarchical levels, it was considered at the level with the
higher phi-value.

Finally, the resulting clusters at the lower hierarchical
level were characterised and compared by means of anal-
yses of variance (ANOVA) and visualised by means of
boxplots. We conducted these analyses in R (R Core Team
2025) for a wide range of community characteristics,
namely species richness, vegetation cover (total and per
layer), fractional cover of life forms, share of CSR strategy
types, measured soil variables, measured topographic var-
iables and mean EIVEs. Since we were not interested in
particular contrasts between clusters, we only provide the
overall p-values from the ANOVAs.

Syntaxonomy

Each vegetation plot was assigned by the first author to one
or several syntaxa based on expert-knowledge, mimicking
the syntaxonomic interpretation adopted in many studies
concerning the Mediterranean dry grasslands (Guarino et
al. 2018). For alliances, orders and classes, we adopted the
syntaxonomic view of the “EuroVegChecklist” (Mucina et
al. 2016), except for the class Ammophiletea, where we fol-
lowed the most up-to date European revision by Marceno
et al. (2024). Association names follow regional studies in
Sicily. For the syntaxa considered here, the full names and
authorities are provided in a “syntaxonomic overview”,

allowing to omit authorities and in absence of ambiguity
also epitheta elsewhere in the text. Only syntaxon names
not listed in the overview and not accepted in Mucina et
al. (2016) are given with authorities in the text.

Results
Flora and scale-dependent biodiversity

In all plots combined (including the 100 m? plots),
we found 597 taxa (562 in the 10 m? plots), including
505 (476) vascular plants, 71 (68) bryophytes, 20 (17)
lichens and 1 cyanobacterium (Nostoc sp.). The most
frequent vascular plants were Hypochaeris achyropho-
rus (66% of all 10 m? plots), Anagallis foemina (48%),
Arisarum vulgare (48%), Dactylis glomerata subsp. his-
panica (48%), Galactites tomentosus (48%), Anisantha
rubens (42%), Asphodelus ramosus (42%) and Euphor-
bia peplus (42%). The most frequent bryophytes were
Bryum dichotomum (57%), Trichostomum brachydon-
tium (37%), Didymodon fallax (34%), Dicranella howei
(30%) and Cephaloziella baumgartneri (28%), while the
most frequent lichen, Echylium tenax, occurred only in
21% of the plots.

A noteworthy result concerns the discovery of Agonim-
ia globulifera on the western slopes of Mt. Cofano (W Sic-
ily), and of Steinia geophana and Thelidium minutulum on
evaporitic sediments near the archaeological site of Hera-
clea Minoa (SW Sicily). Based on ITALIC 8.0, these find-
ings represent first records from Sicily, thereby expanding
the known distribution range of these taxa in Italy.

At the 10-m? scale, the mean overall species richness
of the vegetation was 42.4 (9-72). On average vascular
plants contributed 35.4 (9-68) species, bryophytes 6.0
(0-19) species and lichens 0.9 (0-9) species (Table 1).
The fraction of non-vascular plant taxa was on average
15% but varied between 0% and 38%. In the 21 EDGG
Biodiversity Plots, mean total species richness increased
from 2.1 (0-7) in 1 cm? via 24.9 (5-50) in 1 m? to 60.6
(13-120) in 100 m? while the corresponding numbers
for vascular plant species richness were 1.7 (0-4) in 1
cm?, 21.0 (5-39) in 1 m? and 50.7 (13-98) in 100 m?,
respectively (Table 1).

Table 1. Descriptive statistics of the scale- and taxon-dependent species richness in dry grasslands of Sicily. The data
are based on the 21 "EDGG Biodiversity Plots", while the row “10*" refers to all 67 10-m? plots.

Area [m?] N All taxa Vascular plants Bryophytes Lichens
Min  Max Mean SD Min  Max Mean SD Min  Max Mean SD Min  Max Mean SD
0.0001 42 ¢} 7 21 1.5 0 4 17 1.0 0 4 0.4 0.9 0 1 0.0 0.2
0.001 42 ¢} 14 3.8 29 0 9 3.2 2.0 0 7 0.6 1.4 0 1 0.0 0.2
0.01 42 0 22 7.5 5.0 0 14 6.4 3.6 0 8 1.0 21 0 3 0.1 0.5
01 42 1 35 153 8.2 1 27 12.8 6.0 0 9 2.2 2.7 0 5 0.3 1.0
1 42 5 50 249 103 5 39 210 8.2 0 il 3.4 3.2 0 5 0.5 1.2
10 42 9 70 40.0 13.6 9 68 33.8 .4 0 13 5.2 3.8 0 9 1.0 19
10* 67 9 72 424 148 9 68 354 124 (o] 19 6.0 4.2 (o] 9 0.9 17
100 21 13 120 60.6 25.0 13 98 50.7 20.0 0 18 7.9 5.2 0 10 1.6 2.6
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Cluster analysis and ordination

The peak of the crispness curve for the TWINSPAN clas-
sification of both the complete dataset and the vascular
plant subset (Suppl. material 3: figure S3.1) indicates that
the optimal number of clusters is four. Secondary optimal
clustering levels were identified at six and nine clusters.
Thus, to reflect the hierarchical philosophy of phytosocio-
logical classification, we selected four clusters as the upper
hierarchical level (coded by letters) and nine clusters as
the lower hierarchical level (coded by numbers) to be de-
scribed in the following sections.

In the case of the perennial subset, three and eight
clusters achieved a similar level of crispness (i.e. had lo-
cal maxima). In the case of the annual subset, the opti-
mal number of clusters was four. For the non-vascular
plant subset, the optimal number of clusters was just two,
one cluster grouped the relevés from Mt. Etna, while the
other included the remaining relevés. It should be noted,
however, that non-vascular plant taxa were absent from

11 relevés, including all those recorded in coastal psam-
mophilous vegetation. The TWINSPAN analysis of the
vascular plant subset closely matched that of the complete
dataset (Figure 2). The only minor discrepancies involve
Clusters B.1-B.2 and D.1-D.3, where non-vascular plant
taxa exerted some influence on the vegetation classifi-
cation. Concordance between clusters progressively de-
creased when only perennials, annuals, or non-vascular
plant taxa were considered (Figure 2). Cluster A.1, repre-
senting psammophilous coastal vegetation, was the only
unit consistently recognized by all subsets, except for the
non-vascular plant one, due to the absence of non-vascu-
lar plant taxa in its relevés.

The three-dimensional NMDS ordination shows that
all nine terminal clusters are reasonably well floristical-
ly separated, with only Clusters D.1-D.3 being relatively
close together (Suppl. material 3: figure S3.2). The first di-
mension of the NMDS separated the coastal dune vegeta-
tion (Cluster A.1) from the inland clusters. Along the sec-
ond NMDS axis, a clear distinction emerged between the

Data variability

Average total inertia: 3.21
Av. Euclidean distance: 37.62

Av. Whittaker B-diversity
(pres./absence - overall): 3.57

p-diversity (pres./absence - pair comp.)

Jaccard dissimilarity:

Simpson diss:

0.78

Serensen diss.: 0.64
Harrison B-2 diss.: 0.44
Williams -3 diss.: 0.30

0.58

. S —— | R A |
Cluster A1 B1 B2 C1 C2 D1 D2 D3 D4
S935339339939 dddd99999d4 3499999333994 333 333333000 ddd0dddddddddd 4444
DDA 2=2Q O 2242 T D DA S LS S A S S AT R 2o IANNTG GO I NV IN22CCCO VIV ANV IIAINNSSOOOO
Pt S8 BE ey R RRR o8R8 2053288882328 203288228228 55885055
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Figure 2. Cluster diagram (modified TWINSPAN - average Serensen dissimilarity) for the complete dataset. Below

each cluster, its similarity to the corresponding clusters derived from the modified TWINSPAN classification of the
vascular (Vas.), perennial (Per.), annual (Ann.), and non-vascular plant taxa (N.V.) subsets is reported, as measured

by the Jaccard similarity index (J).
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Etnean vegetation (Clusters B.1-B.2), the hilly vegetation
(Cluster C.2), and that of the lowlands (Clusters D.1-D.4),
likely reflecting climatic and edaphic differentiation. The
third axis appears to correspond to a disturbance gradient:
Cluster C.1 was situated at one extreme, whereas the vege-
tation types with a strong prevalence of ruderals (Clusters
B.2, C.2, D.3 and D.4) were distributed along the positive
side of the axis. In terms of life forms, the third NMDS
axis was positively correlated with therophytes and neg-
atively with chamaephytes and nanophanerophytes, thus
representing a gradient from highly disturbed to less dis-
turbed habitat conditions (not shown).

The DCA ordinations (Figure 3) demonstrate that the
overall floristic gradient is quite large, with 10 units on the
first and 6 units on the second axis, corresponding to 2.5
and 1.5 complete species turnovers. The by far best sepa-
ration of units was achieved with the entire dataset, while
the separation was less pronounced for non-vascular plant
taxa and perennial vascular plants and most blurred when
considering only annual vascular plants.

Biodiversity, vegetation structure and site con-
ditions of the clusters in comparison

Total species richness in 10 m* was below 20 in Cluster A.1,
around 30 in Cluster B.1, but mostly between 35 and 60 in
the remaining seven clusters (Figure 4). The diversity pat-
terns of vascular plants and bryophytes largely mirrored
those of total richness. By contrast, lichens were virtually
absent from Clusters A.1-C.1 and present at a low level
of ca. 1-2 species in 10 m? in the remaining five clusters.

Total vegetation cover differed largely among the clus-
ters, with ca. 25% in Cluster A.1, ca. 50% in Cluster B.1,
and ca. 75% in the remaining seven clusters (Suppl. ma-
terial 3: figure S3.3). This pattern was largely mirrored by
the herb layer cover, while the cover of the non-vascular
plant layer was generally low and showed no significant
pattern among the clusters. Considering the fraction-
al cover of the six life forms (Figure 5), the clusters did
not show significant differences for phanerophytes and
non-vascular plant taxa. By contrast the four other live
forms demonstrated strong variation, interestingly mostly
within and not between the four main clusters (A, B, C,
D). The Clusters A.1, D.1 and D.3 were (co-)dominated by
geophytes, while hemicryptophytes were prevalent in the
Clusters B.1, C.1, D.1 and D.4, and chamaephytes in B.1.
Conversely, the Clusters A.1, B.2, C.2 and D.2 had a strong
therophyte component of 50% and more. The shares of
our “ad hoc” CSR strategy types also differed significant-
ly among the clusters (Figure 6). The competitive strategy
prevailed in the Clusters B.1, D.1, D.3 and D.4. The stress
strategy was prominent mainly in A.1 and to a lesser de-
gree in D.1, while the ruderal strategy prevailed in the C
clusters and to a lesser degree in B.2 and D.2.

The nine clusters showed a moderate differentiation
regarding topographic variables (Suppl. material 3:
figure S3.4). The elevation was the most-differentiating

factor and followed the four main clusters: A mini-
mally above sea level, D between 0 and 200 m a.s.l., C
between 200 and 300 m a.s.l. and B above 600 m a.s.l.
While most clusters occur on plains or at slightly in-
clined slopes, D.1, D.3 and D.4 were found on slopes
between 10° and 45° inclination. The differentiation
concerning heat load index and maximum microre-
lief was very small. By contrast, the nine clusters were
clearly separated regarding all six considered soil varia-
bles (Figure 7). Regarding soil pH, the coastal dunes of
Cluster A.1 had the highest values (around 8) and the
two B-clusters the lowest values (around 6.5), while the
C- and D-clusters were all around pH = 7.5. Electrical
conductivity was particularly high in Clusters C.1 and
D.3, and particularly low in Cluster B.1. Loss at ignition
(humus content) was very high in Cluster C.1 (around
15%), very low in Clusters A.1 and B.1 (below 2%) and
intermediate in the rest of the clusters (around 3-10%).
The penetrable soil depth stood out with ca. 60 cm in
the coastal dunes (A.1), while it was only 10-40 cm in
the rest of the clusters. Sand content differentiated the
main Clusters A and B (high) against the main Clus-
ters C and D (low). Finally, a significant clay content (of
about 20%) was restricted to the main Cluster D and the
second-order Cluster C.1, while in all other clusters, the
clay content was close to zero.

The five assessed mean EIVEs also showed highly sig-
nificant variation between the clusters (Figure 8). Accord-
ingly, soil moisture was particularly low in A.1 and D.1,
and relatively high in C.1, while all plots are in the dry
range (mean EIVEs between 2.4 and 3.3). Soil nitrogen
is predicted to be particularly low in B.1 and particularly
high in C.1. Mean reaction values were relatively low in
the Cluster B, higher in A and C, and highest in D. The
mean EIVEs for temperature closely mirrored the eleva-
tion (Suppl. material 3: figure S3.4), with warmest condi-
tions in A.1 and coolest conditions in B.1. According to
EIVEs for light, all clusters are adapted to full-light condi-
tions, but A.1 even more than the rest.

Description of the clusters

The clusters resulting from the clustering with all taxa
were translated into a classification system, in which diag-
nostic species were determined both at the four- and at the
nine-cluster level. The resulting synoptic table is provided
in an abbreviated manner in Table 2 and in a full version
with both synoptic columns and individual relevés in Sup-
pl. material 4. Photos of representative stands of the nine
clusters are shown in Figure 9. For each terminal cluster,
we provide the most frequent species of each cluster (those
occurring in more than half of the plots) at the start of
each cluster description (with diagnostic species labelled
as such) and highlight in the text the correspondences to
described syntaxa (from the perspective of Mediterranean
phytosociologists). The relevant syntaxa of the contempo-
rary system are listed in Table 3.
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Table 2. Abbreviated synoptic table of dry grasslands of Sicily (based on 67 10-m? plots). The clusters resulting from
the TWINSPAN classification, at the upper (4 cluster) and lower (9 cluster) level are shown. Values in the columns
are given in percent constancies. Species are sorted by decreasing phi values in the respective cluster and by de-
creasing overall constancy in the case of the companion species. The table is abbreviated to contain in each cluster
the eight species with the highest fidelity plus additionally all species with a total constancy of at least 15%. For
each cluster the total number of diagnostic taxa is given, while omissions of taxa are indicated with "[...]". The col-
umn “LF" to the right of the species name give the life form of the species: P = phanerophyte, C = chamaephyte,
H = hemicryptophyte, G = geophyte, T = therophyte, B = bryophyte, L = lichen. The complete sorted synoptic table
including the individual relevés is provided in Suppl. material 4.

LF Al A B (o D Al B1 B2 C1 C2 D1 D2 D3 D4

Number of plots
67 7 14 10 36 7 4 10 2 8 4 5 n 16

Diagnostic species A (19 taxa)

Silene niceensis T 10 | 100 . . . 100

Ononis variegata T 10 | 100 . . . 100

Senecio glaucus subsp. coronopifolius T 9 86 . . . 86 . . . . . . . .
Silene colorata T 15 | 100 . . 8 | 100 . . . . . 20 . 13
Eryngium maritimum G 7 71 . . . 71

Echinophora spinosa H 7 71 . . . 71

Launaea fragilis H 7 71 . . . 71

Pseudorlaya pumila T 7 71 . . . 71 . . . . . . .
Euphorbia terracina T 15 | 100 7 . 6 100 . 10 . . . 20 9

[..]

Erodium alnifolium T 16 86 7 20 6 86 . 10 . 25 25 20

[...]

Diagnostic species B (14 taxa)

Anisantha tectorum T 18 . 86 . . . 100 80 . . . . . .
Ptychostomum capillare B 21 . 79 . 8 . 50 90 . . . . . 19
Scrophularia canina subsp. bicolor C 10 . 50 . . . 50 50

Silene vulgaris H 10 . 50 . . . 50 50

Isatis tinctoria H 9 43 50 40

Cerastium pumilum subsp. pumilum T 9 . 43 . . . 50 40 . . . . . .
Daucus carota T 30 . 71 30 19 . 100 60 . 38 . 20 18 25
Ornithopus compressus T 15 . 57 20 . . 50 60 . 25

[..]

Aira caryophyllea subsp. caryophyllea T 19 . 64 40 . . 50 70 . 50

[..]

Diagnostic species B1 (19 taxa) o

Festuca circummediterranea H 7 36 . . . 100 | 10

Rumex acetosella subsp. angiocarpus H 7 . 36 . . . 100 | 10

Jasione montana H 4 . 21 . . . 75

Sedum amplexicaule subsp. tenuifolium C 4 . 21 . . . 75 .

Ceratodon purpureus B 12 . 57 . . . 100 | 40 .

Crepis leontodontoides H 10 . 43 10 . . 100 | 20 50

Anthemis aetnensis H 3 . 14 . . . 50

Clinopodium vulgare subsp. orientale H 3 . 14 . . . 50

[..]

Diagnostic species B2 (19 taxa)

Mpyosotis ramosissima T 9 . 43 . . . . 60

Sedum stellatum T 9 . 43 . . . . 60

Syntrichia ruralis B 9 . 43 . . . . 60

Trifolium subterraneum T 15 64 10 . . 25 80 13

Anchusella cretica T 7 36 . . . . 50

Stellaria media subsp. cupaniana T 7 36 . . . . 50

Verbascum macrurum H 7 36 . . . . 50

Cardamine hirsuta T 6 29 . . . . 40

[...]

Diagnostic species C (4 taxa)

Calendula arvensis T 21 . 14 90 8 . . 20 | 100 88 . . 27
Plantago lagopus T 13 . . 70 6 . . . 50 75 . 9 6
Medicago polymorpha T 18 . 7 60 14 . . 10 | 100 50 . 20 18 13
Anagallis arvensis T 31 . 7 80 33 . . 10 | 100 75 25 60 45 19
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LF All B [ D Al B1 B2 C1 c2 D1 D2 D3 D4
Number of plots

67 14 10 36 7 4 10 2 8 4 5 1 16

Diagnostic species C1 (9 taxa)
Beta vulgaris subsp. maritima H 3 20 100
Carduus argyroa T 3 20 100 .
Torilis pseudonodosa T 4 20 100 9
Mandragora autumnalis H 4 20 100 . 9
Borago officinalis H 6 40 100 | 25
Cynara cardunculus H 7 50 . 100 | 38 . .
Diplotaxis erucoides T 7 . 20 8 . 100 20 18 .
Euphorbia helioscopia T 9 7 20 8 10 | 100 . 40 . 6
Geranium molle T 15 36 40 3 50 | 100 | 25 9
Diagnostic species C2 (9 taxa)
Centaurea sicula H 9 60 75
Hypericum triquetrifolium T 7 50 63
Silene nocturna T 7 50 63
Erodium ciconium T 6 40 50
Verbascum sinuatum H 6 . 40 . 50
Sagina apetala T 7 7 40 . 10 50 . .
Tordylium apulum T 13 50 " 63 18 13
Echium sabulicola T 4 30 38
[.]
Diagnostic species D (12 taxa)
Brachypodium distachyon T 31 58 100 20 73 50
Hyparrhenia hirta H 19 . 36 . 100 80 18 19
Reichardia picroides H 25 7 . 44 10 . 75 80 27 38
Avena barbata T 21 10 36 13 | 100 80 27 13
Trichostomum brachydontium B 37 10 67 13 25 40 55 94
Scorpiurus muricatus T 30 10 53 . 13 75 20 73 44
Arisarum vulgare G 48 20 83 100 50 80 82 94
Cephaloziella baumgartneri B 28 . . 53 . . . 80 18 81
Asphodelus ramosus G 42 14 30 64 20 38 | 100 40 45 75
Nigella damascena T 18 33 100 20 45 13
Weissia longifolia B 18 . 33 . 75 40 45 13
Dicranella howei B 30 10 53 13 60 55 63
Diagnostic species D1 (12 taxa)
Cenchrus ciliaris H 6 " 100 .
Bituminaria bituminosa H 10 19 100 19
Aschisma carniolicum B 4 8 75
Weissia condensa B 4 8 75 . .
Asparagus albus P 13 . . 25 . . 100 27 13
Urospermum picroides T 15 7 20 19 10 25 | 100 . 27 .
Hippocrepis ciliata T 7 14 75 20 6
Heteropogon contortus H 3 6 50
[.]
Tripodion tetraphyllum T 22 42 100 | 20 36 38
[.]
Diagnostic species D2 (9 taxa)
Vlpia ligustica T 13 7 22 10 80 . 25
Didymodon acutus B 6 n 60 9 .
Tortella fasciculata B 7 . 14 . 60 13
Trifolium nigrescens T 6 10 8 13 60
Bryum radiculosum B 3 6 40
Convolvulus lineatus C 3 6 40
Hypochaeris laevigata G 3 6 40
Medicago lupulina H 3 6 40
[.]
Diagnostic species D3 (5 taxa)
Lygeum spartum G 19 36 82 25
Hedysarum spinosissimum subsp. capitatum T 15 28 73 13
Adonis microcarpa T 9 17 55
Convolvulus pentapetaloides T 6 n 36
Linum decumbens H 6 il 36
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LF Al A B C D A1l B1 B2 Cc1 c2 D1 D2 D3 D4

Number of plots
67 7 14 10 36 7 4 10 2 8 4 5 kil 16

Diagnostic species D4 (9 taxa)

Ampelodesmos mauritanicus H 27 . . 10 47 . . . . 13 . . 9 100
Anthyllis vulneraria subsp. maura H 10 . . . 19 . . . . . . . . 4t
Teucrium fruticans P 10 . . . 19 . . . . . . . . 4Lt
Pulicaria odora H 9 17 . . . . . . . . 38
Selaginella denticulata T 9 . . . 17 . . . . . . . . 38
Bellevalia dubia G 7 . . . 14 . . . . . . . . 31
Eryngium tricuspidatum subsp. bocconei T 7 14 . . . . . . . . 31
Gymnostomum calcareum B 7 14 . . . . . . . . 31
[..]

Companion species

Hypochaeris achyrophorus T 66 . 71 80 72 . 50 80 . 100 25 80 82 75
Bryum dichotomum B 57 . 93 40 58 . 100 90 . 50 100 20 55 63
Galactites tomentosus H 49 . 7 100 61 . . 10 100 100 75 40 82 50
Anagallis foemina T 48 . 14 60 67 . . 20 . 75 75 60 64 69
Dactylis glomerata subsp. hispanica H 48 . 36 30 67 . 50 30 50 25 . 80 55 88
Anisantha rubens T 42 . . 60 61 . . . 100 50 75 20 64 69
Euphorbia peplus T 42 . 7 50 61 . . 10 . 63 50 100 9 88
Sherardia arvensis T 39 . 36 60 42 . . 50 50 63 . 20 55 50
Sonchus oleraceus T 39 14 14 50 50 14 25 10 100 38 100 40 91 13
Didymodon fallax B 34 . . 20 58 . . . . 25 . 40 55 81
Stipa capensis T 33 29 14 30 42 29 . 20 . 38 100 100 45 6
Linum strictum T 30 . . 10 53 . . . 50 . 100 20 27 69
Fossombronia caespitiformis B 27 . . 10 47 . . . . 13 . 40 45 63
Lotus tetragonolobus T 27 . . 20 44 . . . 100 . . 60 73 31
Rumex bucephalophorus T 27 14 57 70 6 14 . 80 . 88 . 40 . .
Moraea sisyrinchium G 25 . . 10 4Lty . . . . 13 . 60 55 4Lty
Microbryum davallianum var. commutatum B 24 . . 30 36 . . . . 38 75 40 18 38
Carduus pycnocephalus T 22 . 29 50 17 . . 40 . 63 . . 27 19
Galium verrucosum T 22 . . . 42 . . . . . . 20 45 56
Ptychostomum torquescens B 22 . . 20 36 . . . . 25 . 40 27 50
Sonchus asper T 22 14 14 30 25 14 . 20 . 38 . . 36 31
Enchylium tenax L 21 . . 20 33 . . . . 25 75 40 9 38
Ephemerum recurvifolium B 21 . . . 39 . . . . . . 40 55 38
Fedla graciliflora T 21 . . 30 31 . . . . 38 . 60 27 31
Fissidens viridulus B 21 . . 10 36 . . . . 13 50 . 36 4Lb
Squilla pancration G 21 . . . 39 . . . . . 25 . 55 4Lt
Anemone hortensis G 19 . . . 36 . . . . . . 20 27 56
Anisantha madritensis T 19 . . 50 22 . . . 50 50 . 40 55 .
Coronilla scorpioides T 19 . . . 36 . . . . . . 20 27 56
Romulea bulbocodium G 19 . 29 10 22 . 25 30 . 13 . . 27 31
Thapsia garganica H 19 . 14 20 25 . . 20 . 25 25 20 18 31
Barbula unguiculata B 18 . . 20 28 . . . . 25 75 20 36 13
Blackstonia perfoliata T 18 . . 20 28 . . . . 25 . . 18 50
Coleostephus myconis T 18 . 7 40 19 . . 10 . 50 . . 18 31
Euphorbia exigua T 18 . . 10 31 . . . . 13 . 40 73 6
Fissidens kosaninii B 18 . . . 33 . . . . . . 20 27 50
Lagurus ovatus T 18 29 36 30 6 29 . 50 . 38 . . . 13
Lotus ornithopodioides T 18 . . 10 31 . . . 50 . 50 80 18 19
Biscutella maritima T 16 . 29 10 17 . . 40 . 13 . 20 . 31
Blennothallia crispa L 16 . . 30 22 . . . . 38 75 60 18 .
Galium murale T 16 . 29 30 il . . 40 . 38 . . 9 19
Hippocrepis biflora T 16 . . . 31 . . . . . 25 20 36 31
Lotus corniculatus H 16 . . . 31 . . . . . . 60 . 50
Lotus parviflorus T 16 . 7 50 14 . . 10 . 63 . 40 9 13
Scandix australis T 16 . . 10 28 . . . . 13 . 80 45 6
Vulpia ciliata T 16 . 29 70 . . . 40 . 88 . . . .
Catapodium rigidum subsp. rigidum T 15 . 14 20 17 . 25 10 . 25 . . . 38
Cerastium glomeratum T 15 . 43 40 . . . 60 . 50
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LF All B C D Al B1 B2 c1 Cc2 D1 D2 D3 D4

Number of plots
67 7 14 10 36 7 4 10 2 8 4 5 1 16

Chamaerops humilis P 15 . 10 25 . 50 . 20 . 50
Ferula communis H 15 29 17 40 25 20 9 19
Lathyrus clymenum T 15 14 22 20 . 27 31
Lotus edulis T 15 . . 28 . . . 75 45 13
Muscari comosum G 15 29 60 . 50 20 75 .
Poa bulbosa H 15 43 20 6 50 40 . 25 . 18 .
Trifolium stellatum T 15 14 10 19 20 50 40 36 6

Table 3. Syntaxonomic overview listing those units to which our plots (or parts of them) would traditionally be
assigned. The class, order and alliance levels follow Mucina et al. (2016) with the partial update by Marceno et al.
(2024) while the association rank is based on regional literature from Sicily. The primary corresponding clusters are

indicated in brackets.

Ammophiletea arundinaceae Br.-Bl. et Tx. ex Westhoff et al. 1946
Ammophiletalia arundinaceae Br.-Bl. 1933

Ammophilion arundinaceae Br.-BI. 1933

Medicagini marinae-Ammophiletum arundinaceae Br.-Bl. 1933 (Cluster A.1)

Drypidetea spinosae Quézel 1964
Scrophulario-Helichrysetalia S. Brullo 1984
Linarion purpureae S. Brullo 1984 (Cluster B.2 p.p.)
Poetea bulbosae Rivas Goday et Rivas-Mart. in Rivas-Mart. 1978

Poetalia bulbosae Rivas Goday & Rivas-Mart. in Rivas Goday et Ladero 1970

Trifolio subterranei-Periballion Rivas Goday 1964

Poo bulbosae-Trifolietum subterranei Rivas Goday 1964 (Clusters B.1-2)

Lygeo sparti-Stipetea tenacissimae Rivas-Mart. 1978
Cymbopogono-Brachypodietalia ramosi Horvatié 1963

Hyparrhenion hirtae Br.-Bl., Pinto da Silva et Rozeira 1956

Helictotricho convoluti-Ampelodesmetum mauritanici Minissale 1995 (Cluster D.4)

Hyparrhenietum hirto-pubescentis A. Bolos et O. Bolos et Br.-Bl. in A. Bolos et O. Bolos 1950 (Cluster D.2)
Cenchro ciliaris-Hyparrhenietum hirtae Wildpret et Rodriquez in Rivas-Mart. et al. 1993 (Cluster D.1)

Lygeo-Stipetalia tenacissimae Br.-Bl. et O. Bolos 1958
Moricandio-Lygeion sparti S. Brullo et al. 1990

Phagnalo annotici-Lygeetum sparti Biondi et Mossa 1993 (Cluster D.3)

Stipo-Trachynietea distachyae S. Brullo in S. Brullo et al. 2001
Brachypodietalia distachyi Rivas-Mart. 1978
Trachynion distachyae Rivas-Mart. 1978

Vulpio-Trisetarietum aureae Brullo 1975 (Cluster C.2 p.p.)

Stipion retortae O. Bolos 1957

Reichardio-Stipetum capensis Rivas-Mart. et al. 1992 (Clusters D.2-4 p.p.)

Helianthemetea guttati Rivas Goday et Rivas-Mart. 1963
Helianthemetalia guttati Br.-Bl. in Br.-Bl. et al. 1940

Helianthemion guttati Br.-Bl. in Br.-Bl. et al. 1940 (Cluster B.1 p.p.)

Vulpietalia Pignatti 1953

Alkanno-Maresion nanae Rivas Goday in Rivas Goday et Rivas-Mart. 1963 corr. Diez-Garretas et al. 2001

Sileno coloratae-Ononidetum variegatae Géhu & Géhu-Franck 1986 (Cluster A1 p.p.)

Artemisietea vulgaris Lohmeyer et al. in Tx. ex von Rochow 1951
Carthametalia lanati S. Brullo in S. Brullo et Marcend 1985
Onopordion illyrici Oberd. 1954 (Cluster C.1 p.p.)
Chenopodietea Br.-Bl. in Br.-Bl. et al. 1952

Brometalia rubenti-tectorum (Rivas Goday et Rivas-Mart. 1973) Rivas-Mart. et Izco 1977

Hordeion murini Br.-Bl. in Br.-Bl. et al. 1936

Hordeo-Carduetum argyroae S. Brullo et Marcend 1985 (Cluster C.1)
Echio-Galactition tomentosae O. Bolds et Molinier 1969 (Cluster B.2 p.p.)

Silene nocturna-Vulpia ciliata comm. (Cluster C.2)

Geranio purpureae-Cardaminetalia hirsutae S. Brullo in S. Brullo et Marcend 1985

Valantio muralis-Galion muralis S. Brullo in S. Brullo et Marcend 1985 (Cluster B.1 p.p.)
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Figure 5. Comparison of the fractional cover of six life forms among the nine distinguished clusters of dry grasslands

in Sicily. Boxplots denote median, inter-quartile range, total range and outliers, while the rhombuses stand for the

arithmetic means. The p-values are from an ANOVA.

Cluster A.1

Frequent taxa: Cutandia maritima (A), Echinophora spino-
sa (A), Erodium alnifolium (A), Eryngium maritimum (A),
Euphorbia terracina (A), Launaea fragilis (A), Maresia
nana (A), Ononis variegata (A), Pseudorlaya pumila (A),
Senecio glaucus subsp. coronopifolius (A), Silene colorata
(A), Silene niceensis (A).

The coastal white dunes of the Mediterranean re-
gion are frequently colonized by a mixture of annual
and perennial species, which have been ascribed to
different associations in the phytosociological litera-
ture of recent decades. Our plots were sampled on the
coastal dunes of Manfria, near Gela, in the same stands
where two associations had previously been recorded
(Brullo et al. 2000; Guarino et al. 2008): Medicagini
marinae-Ammophiletum australis and Sileno colora-
tae-Ononidetum variegatae. Notably, in the original de-
scription of the latter, it is specified that the association
refers to “therophytic vegetation growing at springtime
amidst the perennial plants of the Ammophilion austra-
lis” (Géhu and Géhu-Frank 1986). In fact, all our relevés
include both perennial and annual species; stress-toler-
ance is the predominant life strategy (Figure 6), and the
plots were species-poor, reflecting the strong selective
pressure of the habitat conditions (Table 2; Suppl. ma-
terial 4).

Cluster B.1

Frequent taxa: Allium sphaerocephalon, Anisantha tec-
torum (B), Bryum dichotomum (bryophyte), Ceratodon
purpureus (bryophyte; B.1), Crepis leontodontoides (B.1),
Daucus carota (B), Festuca circummediterranea (B.1),
Jasione montana (B.1), Rumex acetosella subsp. angiocar-
pus (B.1), Sedum amplexicaule subsp. tenuifolium (B.1).

This cluster comprises plots sampled at around 1200 m
a.s.l. on the eastern flank of Mt. Etna (SantAlfio), within
vegetation colonizing embryonic soils rich in pyroclastic
scoriae on a narrow lava flow, partially shaded by adjacent
Pino-Quercion congestae woodlands, as evidenced by the
occurrence of relatively mesophilous species such as Crep-
is leontodontoides. The annual component consists of a
mixture of Geranio-Cardaminetalia (Valantio-Galion mu-
ralis) and Helianthemetalia guttati (Helianthemion guttati)
species. These herbaceous stands interspersed with wood-
land patches are traditionally used as summer rangelands,
a practice that likely facilitated the establishment of Poa
bulbosa and Festuca circummediterranea.

The class Poetea bulbosae, originally described from the
Iberian Peninsula (Rivas-Martinez 1978), encompasses
dwarf, caespitose perennial pastures dominated by a rela-
tively small pool of prostrate hemicryptophytes, especially
Poa bulbosa and different clover species, maintained by
intensive sheep grazing. These anthropogenic meadows
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Figure 6. Comparison of the share of the CSR strategy
types of vascular plants among the nine distinguished
clusters of dry grasslands in Sicily. Boxplots denote me-
dian, inter-quartile range, total range and outliers, while
the rhombuses stand for the arithmetic means. The
p-values are from an ANOVA.

typically desiccate in summer but remain green from au-
tumn to early summer, providing an ideal spring habitat
for therophytic plants, particularly species of Chenopo-
dietea or Helianthemetea guttati, depending on nutrient
availability and disturbance.

In line with the modern phytosociological approach
adopted in southwestern Europe, annual and perennial
species could be sampled separately. Nonetheless, although
many therophytes and two moss species occur among the
diagnostic taxa, our relevés can be confidently interpreted
as relatively undisturbed, shaded stands of the Poo bul-
bosae-Trifolietum subterranei, an association already re-
corded from Mt. Etna and widely distributed across the
central and western Mediterranean (Galdn de Mera et al.
2000). In support of this interpretation, the proportion of
perennial species nearly doubles that of annuals (Suppl.
material 4), and competitive and stress-tolerant strategies
largely prevail over ruderal ones (Figure 6).

Cluster B.2

Frequent taxa: Aira caryophyllea subsp. caryophyllea (B),
Anisantha tectorum (B), Bryum dichotomum (bryophyte),
Cerastium glomemtum, Daucus carota (B), Hypochaeris
achyrophorus, Myosotis ramosissima (B.2), Ornithopus

compressus (B), Ptychostomum capillare (bryophyte, B),
Ranunculus millefoliatus, Rumex bucephalophorus, Sedum
stellatum (B.2), Syntrichia ruralis (bryophyte, B.2), Trifoli-
um subterraneum (B.2).

This cluster comprises plots sampled between 590
and 870 m a.s.l. on flat or gently sloping pyroclastic de-
posits along the eastern and northeastern flanks of Mt.
Etna (SantAlfio and Linguaglossa). As in Cluster B.1 the
vegetation can be assigned to Poo bulbosae-Trifolietum
subterranei; however, in this case the stands were more
disturbed and heavily grazed, as indicated by the abun-
dant contingent of annual species—particularly those of
Echio-Galactition tomentosae (Brometalia rubenti-tecto-
rum)—which were absent from Cluster B.1. Mosses were
well represented, with four diagnostic or constant species,
one of which (Syntrichia ruralis) was dominant.

In the relevés of Cluster B.2, the ruderal life strategy is
more prevalent than the stress-tolerant one (Figure 6). The
intensity of grazing is further evidenced by the frequent
occurrence of large, toxic species such as Verbascum mac-
rurum, Ferula communis, Euphorbia characias, Asphodelus
ramosus, and Thapsia garganica, which emerge conspicu-
ously above the dwarf vegetation layer (Suppl. material 4).

Cluster C.1

Frequent taxa: Anagallis arvensis (C), Anisantha rubens,
Arisarum vulgare, Beta vulgaris subsp. maritima (C.1),
Borago officinalis (C.1), Calendula arvensis (C), Cardu-
us argyroa (C.1), Cynara cardunculus (C.1), Diplotaxis
erucoides (C.1), Euphorbia helioscopia (C.1), Galactites
tomentosus, Geranium molle (C.1), Lotus tetragonolobus,
Mandragora autumnalis (C.1), Medicago polymorpha (C),
Sonchus oleraceus, Torilis pseudonodosa (C.1).

This cluster includes two plots sampled at 250 m a.s.l.
on the eastern flank of Mt. Cofano, in western Sicily, next
to the temporary pond of Baglio Cofano. The stands rep-
resent typical wintergreen thermomediterranean cattle
rangelands, heavily grazed, species-poor, and dominated
by thorny thistles (Suppl. material 4). In this case, they
occurred on flat, Mediterranean red soils surrounding a
temporary pond within a karstic doline. The sampled veg-
etation can be confidently assigned to Hordeo-Carduetum
argyroae, although it included a few, yet extremely abun-
dant, perennial representatives of the alliance Onopordion
illyrici, such as Mandragora autumnalis, Cynara cardun-
culus, and Scolymus grandiflorus (Suppl. material 4). This
cluster represents the most ruderal grassland type record-
ed during our survey (Figure 6).

Cluster C.2

Frequent taxa: Anagallis arvensis (C), Anagallis foemina,
Arenaria leptoclados, Calendula arvensis (C), Carduus
pycnocephalus, Centaurea sicula (C.2), Euphorbia peplus,
Galactites tomentosus, Hypericum triquetrifolium (C.2),
Hypochaeris achyrophorus, Lotus parviflorus, Medicago
minima, Muscari comosum, Plantago lagopus (C), Rumex
bucephalophorus, Sherardia arvensis, Silene nocturna
(C.2), Tordylium apulum (C.2), Vulpia ciliata.
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This cluster comprises plots sampled between 280 and
320 m a.s.l. on the loose sandy soils of fossil dunes near
Niscemi (SE Sicily), within thermomediterranean annual
vegetation colonizing abandoned fields and olive groves.
Among the surveyed grasslands, this was the richest in
therophytes, forming relatively dense stands with highly
variable species richness, ranging from 34 to 71 species
per relevé (Suppl. material 4). The ruderal life strategy pre-
dominates (Figure 6), and character species of Echio-Ga-
lactition tomentosae (Brometalia rubenti-tectorum) are
widely represented (Table 2).

In terms of structure and floristic composition, this
vegetation resembles the association Phleo echinati-Sile-
netum tenuiflorae Bartolo et al. 1990, described from NE
Sicily near Fiumedinisi (Bartolo et al. 1990). The annual
grassland we studied may thus be interpreted as a southern
vicariant of that association, and it might warrant formal
recognition (Sileno nocturnae-Vulpietum ciliatae prov.),
pending a comprehensive comparative analysis. Floristic
elements of Vulpio-Trisetarietum aureae (Trachynion dis-
tachyae), which commonly occurs in less disturbed sites
of the Hyblaean territory, were also well represented.

Cluster D.1

Frequent taxa: Anagallis foemina, Anisantha rubens,
Aschisma carniolicum (D.1), Asparagus albus (D.1),
Asphodelus ramosus (D), Avena barbata, Barbula un-
guiculata, Bituminaria bituminosa (D.1), Blennothallia
crispa (lichen), Brachypodium distachyon (D), Bryum
dichotomum (bryophyte), Cenchrus ciliaris (D.1), Con-
volvulus althaeoides (D.1), Crupina crupinastrum (D.1),
Enchylium tenax (lichen), Galactites tomentosus, Hippo-
crepis ciliata (D.1), Hyparrhenia hirta (D), Linum stric-
tum, Lotus edulis, Microbryum davallianum var. com-
mutatum (bryophyte), Nigella damascena (D), Prospero
autumnale (D.1), Reichardia picroides (D), Scorpiurus
muricatus (D), Sonchus oleraceus, Stipa capensis, Tripo-
dion tetraphyllum (D.1), Urospermum picroides (D.1),
Weissia condensa (bryophyte, D.1), Weissia longifolia
(bryophyte, D).

This cluster comprises plots sampled between 70 and
200 m a.s.l. on the southeastern slopes of Mt. Catalfano
(NW Sicily), within thermoxerophilous grasslands colo-
nizing stony, eroded, well-drained soils derived from the
degradation of carbonate rocks. These stands correspond
closely to Cenchro ciliaris-Hyparrhenietum hirtae, already
reported from Sicily, besides of Mt. Catalfano, also near
Taormina and in the Aeolian Islands (Brullo et al. 2010).
Compared to relevés published from the same locality
in the phytosociological literature (Gristina and Mar-
cend 2008), our samples are richer in therophytes, espe-
cially those of Echio-Galactition tomentosae (Brometalia
rubenti-tectorum) and of Brachypodietalia distachyi. The
balance between perennial and annual species, as well as
between ruderal and stress-tolerant therophytes, is likely
influenced by the combined effects of summer drought in-
tensity, general disturbance, and fire frequency. This issue
will be revisited in the Discussion.

Cluster D.2

Frequent taxa: Anagallis arvensis, Anagallis foemina, Aris-
arum vulgare (D), Avena barbata (D), Blennothallia crispa
(lichen), Cephaloziella baumgartneri (bryophyte, D), Dac-
tylis glomerata subsp. hispanica, Dicranella howei (bryo-
phyte, D), Didymodon acutus (bryophyte, D.2), Eryngium
campestre, Euphorbia peplus, Fedia graciliflora, Hypar-
rhenia hirta (D), Hypochaeris achyrophorus, Linum trig-
ynum, Lotus corniculatus, Lotus ornithopodioides, Lotus
tetragonolobus, Moraea sisyrinchium, Reichardia picroides
(D), Scandix australis, Stipa capensis, Tortella fasciculata
(bryophyte, D.2), Trifolium campestre, Trifolium nigrescens
(D.2), Vulpia ligustica (D.2).

This cluster includes plots sampled between 10 and
100 m a.s.l. in frequently burnt wintergreen rangelands
of SW and NW Sicily, on soils derived from carbonatic
(Monte Cofano) or calcarenitic (Sciare di Mazara) par-
ent material. Thermoxerophilous rangelands dominat-
ed by Hyparrhenia hirta are widespread across Sicily,
from sea level up to 600 m a.s.l,, and are typically creat-
ed and maintained by recurrent fire. In this vegetation
type, therophytes invariably co-occur amidst perennial
species, and—as in the previous case—their frequency
and composition are strongly influenced by human dis-
turbance, particularly fire frequency and grazing pres-
sure. The vegetation grouped in Cluster D.2, sampled
in relatively disturbed stands, represents a mixture of
two units widely recognized in the phytosociological
literature of southwestern Europe: Hyparrhenietum
hirto-pubescentis (when perennial species are sampled)
and Reichardio-Stipetum capensis (when annual species
are sampled). The perennial association is referred to
Hyparrhenion hirtae (Hyparrhenietalia), whereas the
therophytic one belongs to Stipion retortae (Brachypo-
dietalia distachyi).

Cluster D.3

Frequent taxa: Adonis microcarpa (D.3), Anagallis foemi-
na, Anisantha madritensis, Anisantha rubens, Arisar-
um vulgare (D), Avena fatua, Brachypodium distachyon
(D), Bryum dichotomum (bryophyte), Dactylis glomer-
ata subsp. hispanica, Dicranella howei (bryophyte, D),
Didymodon fallax (bryophyte), Ephemerum recurvifoli-
um (bryophyte), Euphorbia exigua, Galactites tomento-
sus, Hedysarum spinosissimum subsp. capitatum (D.3),
Hypochaeris achyrophorus, Lotus tetragonolobus, Lygeum
spartum (D.3), Malope malacoides, Moraea sisyrinchium,
Scorpiurus muricatus (D), Sherardia arvensis, Sonchus
oleraceus, Squilla pancration, Trichostomum brachydon-
tium (bryophyte, D).

This cluster comprises plots sampled between 10 and
180 m a.s.l. in frequently burnt wintergreen rangelands of
southern Sicily (Monte San Nicola, Butera), on clay-rich
soils. All the considerations made for Cluster D.2 apply
equally here, with the only difference that in this case the
perennial subset can be assigned to the alliance Morican-
dio-Lygeion sparti and to the association Phagnalo annot-
ici-Lygeetum sparti.
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Cluster D.4

Frequent taxa: Ampelodesmos mauritanicus (D.4),
Anagallis foemina, Anemone hortensis, Anisantha rubens,
Arisarum vulgare (D), Asphodelus ramosus (D), Bryum
dichotomum (bryophyte), Cephaloziella baumgartneri
(bryophyte, D), Coronilla scorpioides, Dactylis glomerata
subsp. hispanica, Dicranella howei (bryophyte, D), Didy-
modon fallax (bryophyte), Euphorbia peplus, Fossomb-
ronia caespitiformis (bryophyte), Galium verrucosum,
Hypochaeris achyrophorus, Linum strictum, Trichostomum
brachydontium (bryophyte, D).

This cluster comprises plots sampled between 40 and
220 m asl in frequently burnt wintergreen rangelands
of central and western Sicily (Cattolica Eraclea, Monte
Cofano), on limestone-rich, sloping, relatively deep soils.
All the considerations made for Cluster D.2 apply equally
here, with the only difference that in this case the perenni-
al subset can be assigned to Helictotricho convoluti-Ampe-
lodesmetum mauritanici.

Correspondence of the clusters with "“classical”
syntaxa

Based on the expert-assessment mimicking the prevail-
ing practice of Mediterranean phytosociologists, only six
out of the 67 10-m?* plots would belong to a single class,
while 33 could be assigned to two and 22 even to three
classes simultaneously (Table 4). In nearly all cases, an-
nual- and perennial-dominated classes co-occur in the
same plot, rarely also a bryophyte community. The four
main clusters differed clearly in their class combinations
(Table 4): Cluster A combines Helianthemetea guttati
with Ammophiletea, Cluster B Poetea bulbosae with Che-
nopodietea (and rarely Drypidetea spinosae), Cluster C
Chenopodietea with Artemisietea vulgaris and Cluster D
Lygeo-Stipetea with Stipo-Trachynietea (often combined
with Chenopodietea). In some cases, the sequence of in-
cluded classes is changing between lower-level clusters of
the same main cluster. For example, in Cluster D.2 the
annual class Stipo-Trachynietea is thought to prevail over
the perennial class Lygeo-Stipetea, while it is the other
way round for almost all plots of D.1, D.3 and D.4. Most
of the lower-level clusters largely correspond to one rec-
ognised association within their prevailing class (see Sup-
pl. material 3: table S3.1).

Discussion
Biodiversity

If we compare the vascular plant species richness in the
Mediterranean grasslands of Sicily with the overall means
for natural and semi-natural grasslands (groups A and B) of
the Palaearctic in the GrassPlot Diversity Explorer (v.2.10;
https://edgg.org/databases/GrasslandDiversityExplorer;
see Biurrun et al. 2021) an interesting pattern emerges.

While the Sicilian grasslands are on average 30% poorer
in species at 0.0001 m?, their richness increases faster with
area so that the values are similar to the Palaearctic mean
at 0.01 and 0.1 m?, while from 1 m? upwards they are rich-
er, reaching on average 32% more species in 100 m? (50.7
vs. 38.4 species). The finding of extraordinarily high spe-
cies richness at the 100 m? grain size for grasslands in the
southern Mediterranean was already reported by Biurrun
etal. (2021; including the data of the present paper). Like-
wise, Dembicz et al. (2021, also including the current data)
found that the species-area relationships become signif-
icantly steeper (i.e. have higher z-values) in Palaearctic
grasslands when moving from the temperate zone south
to a latitude like Sicily. One possible explanation for this
phenomenon could be that at the small scales, the harsher
conditions (compared to temperate grasslands, i.e. severe
summer drought and heat) do not allow more species to
occur, while at the larger spatial scales the much higher
species pools in Southern Europe compared to temper-
ate and Northern Europe come in. Interestingly, using the
data from the European Vegetation Archive (EVA; Chytry
et al. 2016), mainly derived from traditional phytosocio-
logical sampling, Sabatini et al. (2022) found only average
species richness in Sicily (and likewise other regions of the
Mediterranean Basin at the same latitude) at 10 m? (ca.
16 species vs. 35.4 in our study) and 100 m?* (ca. 25 vs.
50.7 in our study) and also only intermediate increments
of the species-area relationship. One might wonder why
the Sicilian data hand and the GrassPlot data in general
(Biurrun et al. 2021) tell the opposite from the EVA data.
We believe that one reason is that average phytosociolog-
ical data are less complete because they were not sampled
with the aim of biodiversity analyses. Second, this issue
might be more pronounced in Mediterranean grasslands
than elsewhere due to the sampling approach, commonly
applied in this region, to disregard annual species when
aiming to sample perennial communities and vice versa
(see below). To test this assumption requires more exten-
sive comparison of EVA and GrassPlot data, but if it would
turn out true, this would render any continental or global
scale diversity modelling based on phytosociological data
problematic.

Non-vascular plant taxa on average contributed 15%
to the taxonomic richness, mainly bryophytes with a tiny
fraction of lichens (see Table 1). These fractions were al-
most identical across the seven grain sizes (Table 1) but
varied much among vegetation types and sometimes also
among plots within the same cluster, with up to 19 bryo-
phytes (one plot of D.4) and up to 9 lichens (one plot of
D.2) in 10 m?* (see Figure 4). At least bryophytes are thus an
important element of the Mediterranean dry grasslands.
Compared to the mean of Palaearctic grasslands (groups
A and B in the GrassPlot Diversity Explorer; https://edgg.
org/databases/GrasslandDiversityExplorer; Biurrun et al.
2021), bryophytes were poorer in the smaller scales and
richer in the two largest scales - and probably the same
reasoning as for vascular plants could apply. By contrast,
lichens were clearly poorer than in the Palaearctic average
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Table 4. Correspondence of the nine clusters and the included vegetation plots to classes of the Mediterranean classifi-

cation system (based on expert assessment by R. Guarino). A more detailed view including the alliance and association

level is available in Suppl. material 3: table S3.1. The colours in the left part of the table refer to the coding of the nine
clusters, while in the right part the phytosociological classes are grouped in perennial (red), annual (blue) and bryo-
phyte-dominated (yellow). The classes are sorted from left to right according to their perceived prevalence in the plot.

Cluster ID Class 1

Class 2

Class 3

Helianthemetea guttati
Helianthemetea guttati
Helianthemetea guttati
Helianthemetea guttati
Helianthemetea guttati
Helianthemetea guttati
Helianthemetea guttati

Ammophiletea
Ammophiletea
Ammophiletea
Ammophiletea
Ammophiletea
Ammophiletea
Ammophiletea

B.1 IT17NE Chenopodietea

B.1 IT7SW Chenopodietea

B.1 ITISNE Poetea bulbosae
B.1 IT1I8SW Poetea bulbosae
Chenopodietea
Chenopodietea
[bryophyte comm.]
Poetea bulbosae
Poetea bulbosae

Poetea bulbosae
Poetea bulbosae
Chenopodietea
Chenopodietea
Poetea bulbosae
Poetea bulbosae
Poetea bulbosae
Poetea bulbosae
Chenopodietea

Drypidetea spinosae
Drypidetea spinosae

Chenopodietea Poetea bulbosae

Chenopodietea Poetea bulbosae

Chenopodietea Poetea bulbosae

Poetea bulbosae Chenopodietea

[bryophyte comm.] Chenopodietea
Ci ITO3NE Artemisietea vulgaris Chenopodietea
Ci ITO3SW Artemisietea vulgaris Chenopodietea

Chenopodietea

Chenopodietea

Chenopodietea

Chenopodietea

[bryophyte comm.] Chenopodietea

[bryophyte comm.] Chenopodietea

Chenopodietea
Chenopodietea
DA IT2INE Lygeo-Stipetea
D1 IT21SW Lygeo-Stipetea
D1 ITRO26 Lygeo-Stipetea
D1 ITRO27 Lygeo-Stipetea

Stipo-Trachynietea
Stipo-Trachynietea
Stipo-Trachynietea
Stipo-Trachynietea
Stipo-Trachynietea
Lygeo-Stipetea
Lygeo-Stipetea
Lygeo-Stipetea
Lygeo-Stipetea
Lygeo-Stipetea
Lygeo-Stipetea
Stipo-Trachynietea
Stipo-Trachynietea
Lygeo-Stipetea
Lygeo-Stipetea
Lygeo-Stipetea
Lygeo-Stipetea
Lygeo-Stipetea
Lygeo-Stipetea

Lygeo-Stipetea

Stipo-Trachynietea
Stipo-Trachynietea
Stipo-Trachynietea
Stipo-Trachynietea
Lygeo-Stipetea

Lygeo-Stipetea

Lygeo-Stipetea

Lygeo-Stipetea

Lygeo-Stipetea

Stipo-Trachynietea
Stipo-Trachynietea
Stipo-Trachynietea
Stipo-Trachynietea
Stipo-Trachynietea
Stipo-Trachynietea
Lygeo-Stipetea

Lygeo-Stipetea

Stipo-Trachynietea
Stipo-Trachynietea
Stipo-Trachynietea
Stipo-Trachynietea
Stipo-Trachynietea
Stipo-Trachynietea
Stipo-Trachynietea

Chenopodietea
Chenopodietea
Chenopodietea
Chenopodietea
Chenopodietea
Chenopodietea
Chenopodietea
Chenopodietea
Chenopodietea
Chenopodietea
Chenopodietea
Chenopodietea
Chenopodietea
Chenopodietea
Chenopodietea
Chenopodietea
Chenopodietea
Chenopodietea
Chenopodietea
Chenopodietea
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Cluster ID Class 1

Class 2 Class 3

Lygeo-Stipetea
Lygeo-Stipetea
Lygeo-Stipetea
Lygeo-Stipetea
Lygeo-Stipetea
Stipo-Trachynietea
Lygeo-Stipetea
Lygeo-Stipetea
Lygeo-Stipetea
Lygeo-Stipetea
Lygeo-Stipetea

Lygeo-Stipetea

Stipo-Trachynietea
Stipo-Trachynietea
Stipo-Trachynietea
Stipo-Trachynietea
Stipo-Trachynietea
Lygeo-Stipetea

Stipo-Trachynietea
Stipo-Trachynietea
Stipo-Trachynietea
Stipo-Trachynietea
Stipo-Trachynietea
Stipo-Trachynietea

across all grain sizes. Very limited lichen components in
dry grasslands had previously been reported in two oth-
er EDGG expeditions (with the same methodology), also
from regions with rather warm and dry summers, namely
the Central Apennines in Italy (Cancellieri et al. 2024) and
Armenia (Vynokurov et al. 2024). While many lichens are
well-adapted to drought, on soil they are mainly distrib-
uted in cooler climates. Epilithic lichens present on small
stones and boulders in our sampling unit were not includ-
ed in the species list, due to the sampling approach. By
contrast, the average bryophyte richness in 10 m? plots in
Sicily (6.0 species in 10 m*) was much higher than in the
Apennines (Cancellieri et al. 2024: 3.8 species) or Arme-
nia (Vynokurov et al. 2024: 0.4 species). One reason for
that might be the fact that many of our plots in Sicily had
very clayish soils, which support a large diversity of tiny
bryophytes, mainly from the family Pottiaceae.

Site conditions and life strategies

The site conditions, particularly the soils properties, var-
ied widely among the dry grassland plots on Sicily - as
expected given the highly diverse geology of the island.
Soil texture ranged from sands to very clayish soils. Also
soil reaction varied clearly between the plots, but even
the most acidic plots had a pH of 6 and more. The ab-
sence of very low pH values is typical for arid regions
where leaching is reduced since water in the soil main-
ly moves upwards, not downwards (Badia-Villas and del
Moral 2015). The four main clusters were clearly separated
by their soil conditions showing that soils are a primary
driver of species composition. While the mean ecological
indicator values largely matched the patterns of measured
environmental variables, there was one notable exception.
Cluster A.1 had by far the highest soil pH values (around
8), but at the same time the third-lowest mean EIVEs for
soil reaction. One possible explanation could be that Med-
iterranean phytosociologists possibly assigned low R val-
ues to the typical species due to assumed acidity of sandy
substrates. This explanation would also fit to the fact that
the annual fraction of the community of cluster A.1 is
traditionally placed in the class Helianthemetea guttati of
therophyte-dominated acidic grasslands in the Mediterra-
nean Basin (Mucina et al. 2016).

All our relevés included a mixture of stress-tolerant,
competitive, and opportunistic species, though in varying
proportions. Despite the limitations of our expert-based
assignment of Grime’s plant life strategies, it is noteworthy
that the most species-rich stands were those characterized
by a balance of all three strategies. This finding is consist-
ent with other studies reporting positive effects of slight
disturbance on the p-diversity of Mediterranean pastures
(Rundel et al. 1998).

Our results suggest that, across the wide range of hab-
itats we investigated, fine-scale species richness in Medi-
terranean dry grasslands is primarily driven by the equi-
librium between stress-tolerant and competitive species.
This balance is largely shaped by seasonal drought, which
prevents competitive species from producing enough bio-
mass to exclude annual plants from the interstitial spaces
beneath perennial tussocks. The carrying capacity of Med-
iterranean ecosystems is not constant throughout the year:
during the rainy season, soils temporarily become more
“fertile” due to nutrient mobilization from soil water. This
enrichment is quickly exploited by a wide range of annual
plants, which, following Madon and Médail (1997), may
be considered highly specialized stress-tolerant species.
These Mediterranean therophytes play a crucial ecological
role: they reduce soil erosion during heavy rains, substan-
tially contribute to biomass production, and provide food
for a large array of granivores, pollinators, and herbivores
(Guarino et al. 2020). In phytosociological terms, this fun-
damental relationship between perennial and annual spe-
cies coexisting in most Mediterranean dry grasslands is
expressed in terms of Lygeo-Stipetea, with reference to per-
ennial species, and Stipo-Trachynietea or Helianthemetea
guttati, with reference to annual species on alkaline or sub-
acid soils, respectively. With reference to coastal psammo-
philous vegetation, analogous relationship links the peren-
nial vegetation of the order Ammophiletalia arundinaceae
and the annual vegetation of the Vulpietalia. Likewise, with
reference to sheep pasturelands, between the perennial
Poetea bulbosae and the annual Helianthemetea guttati.

Disturbance represents the second major driver of fine-
scale species assemblages in Mediterranean dry grasslands.
It favours the establishment of species with a ruderal life
strategy; in our plots, several taxa of the order Brometa-
lia rubenti-tectorum were consistently recorded across
vegetation types. These highly adaptable, wide-ranging
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synanthropic species can complicate the phytosociolog-
ical classification of Mediterranean dry grasslands. Dis-
turbance introduces substantial floristic “noise”, which
may obscure the original community structure, espe-
cially in secondary, man-made habitats (Ferndndez Alés
et al. 1993; Lavorel et al. 1999). It should be noted that
the boundaries and floristic differences between alliances
such as Stipion retortae, assigned to the class Stipo-Trachy-
nietea, and alliances such as Echio-Galactition, assigned to
the class Chenopodietea, are rather vague. This reflects the
fact that the Mediterranean region is the centre of origin
for many synanthropic Chenopodietea species, which of-
ten occur not only in man-made habitats but also in sites
disturbed by natural processes, such as coastal slopes fre-
quented by seagulls.

Syntaxonomy of the studied grasslands vs. di-
verging sampling approaches in phytosociology

Our results suggest that in Sicily there are floristically
well-separated dry grassland types, as demonstrated by
the long lists of diagnostic species both for the higher and
lower TWINSPAN cluster resolution. The units at both
hierarchical levels are also well characterised ecologically,
with clear differences in site conditions, particularly soils.
Four main clusters were distinguished: coastal dunes on
basic sands (Cluster A), lowland dry grasslands on alka-
line clayish soils (Cluster D), acidic dry grasslands found
at higher elevation (Cluster B), and sub-ruderal, relatively
base-rich dry grasslands at intermediate elevation (Clus-
ter C). While elevational differentiation might have been
partially exaggerated by the limited sample size, soil dif-
ferences are beyond doubt, being directly reflected in the
ecological traits of the included species (CSR, EIVE).

Annual and perennial vascular plant species were re-
corded in all relevés, while non-vascular plant taxa were
absent only from coastal sand dunes (Cluster A) and from
heavily grazed and trampled rangelands (Cluster C.1). Im-
portantly, bryophytes contributed substantially to overall
plot-scale species richness, particularly in stands dom-
inated by perennials, and some species even proved to
have diagnostic value, though lower than that of vascular
plant taxa. This finding is consistent with observations in
other Mediterranean vegetation types where bryophytes
have traditionally been overlooked, such as Mediterrane-
an temporary ponds (Poponessi et al. 2015).

We did not find in our unsupervised classification
groups corresponding to the “contemporary” Mediter-
ranean vegetation classes that are nowadays typically
restricted to either annual or perennial vegetation (see
Table 4; Mucina et al. 2016; https://floraveg.eu/vegetation).
For example, our main Cluster D included communities
traditionally assigned both to perennial grasslands on ba-
sic soils (Lygeo-Stipetea) and to annual grasslands on basic
soils (Stipo-Trachynietea). At a lower hierarchical level, a
separation emerged between units dominated by annual
vascular plants (B.2, C.2, D.2) and those dominated by

perennials (hemicryptophytes or geophytes). However,
viewed from the Mediterranean phytosociological per-
spective, not only the main clusters but almost every single
plot represented a mixture of annual and perennial com-
munities, despite having been selected for homogeneity.
Every plot included both annual and perennial vascular
plants, and all except clusters A.1 and C.1 also contained
non-vascular plant taxa. This applied not only to overall
composition but also to diagnostic species combinations
of both higher- and lower-level clusters, which included
annual and perennial vascular plants and frequently bryo-
phytes (see Table 2 and Suppl. material 4).

By contrast, the diagnostic species lists of Mediterra-
nean classes provided by Mucina et al. (2016) suggest that
“perennial” grassland classes such as Lygeo-Stipetea include
almost only perennial diagnostic species (with few annual
exceptions, e.g. Cerastium taxa), while “annual” classes such
as Stipo-Trachynietea list almost exclusively annual species
(but include the perennial Sanguisorba verrucosa). Howev-
er, considering the recent revisions of two of the “perenni-
al” Mediterranean grassland classes based on comprehen-
sive datasets, Ammophiletea by Marceno et al. (2018) and
Lygeo-Stipetea by Marceno et al. (2019), it becomes evident
that the picture drawn by the diagnostic species lists of Mu-
cina et al. (2016) is largely unrealistic. In both cases, the au-
thors demonstrated that the so-called “perennial” syntaxa
include a substantial number of annual diagnostic species,
sometimes even exclusively annual ones. This is essentially
due to two reasons. First, as already mentioned, in the sam-
pling approach adopted by many Mediterranean phytosoci-
ologists following Rivas-Martinez (1978) and Gehu (1996),
the representatives of one life form were recorded together
with frequent “companion” species of the other, thus in-
evitably mixing annuals and perennials. Second, the con-
sensus around the “choosy” sampling approach emerged
in Spain during the late 1970s and soon spread to France,
Italy and beyond, whereas the datasets incorporated in the
European Vegetation Archive also include older surveys
pre-dating this approach (e.g. Bolos and Bolos 1950; Ri-
vas Goday 1957). It should also be noted that the sampling
approach of Mediterranean phytosociologists was far from
being unanimous; for instance, relevés from Mediterranean
dry grasslands sampled by Quézel and his school (Aydogdu
etal. 1994; Akman et al. 1996) are on average richer in spe-
cies than those sampled by Gehu, Rivas-Martinez, and their
followers (Géhu et al. 1987; Martinez Parras and Peinado
1987; Rivas-Martinez et al. 1990).

In our dataset, even the grassland types dominated by
perennials have specific annual species that occur there
more often than in predominantly therophytic grasslands
(see, for example, annual species more frequent in peren-
nial clusters D.1, D.3, D.4 than in the therophytic cluster
D.2). In principle, one or several vegetation classes could
still represent predominantly therophytic grasslands.
However, our analyses suggest that such therophytic types
(B.2, C.2, D.2) are nested within broader grassland types
defined primarily by soil and elevation and thus might
be better treated at the order or alliance level. Similarly,
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Vassilev et al. (2024) found that in the Central Balkan
Peninsula, from the various Mediterranean grassland
classes given in the literature, only one on acidic and one
on base-rich soil could be distinguished. Despite analys-
ing large datasets, they were unable to separate annual and
perennial Mediterranean grasslands at the alliance level.
While their study area lies at the northern distribution-
al border of these syntaxa — where separation might be
blurred - also Garcia-Mijangos et al. (2021) in the fully
Mediterranean Ebro valley in Spain could not distinguish
the Stipo-Trachynietea from the Lygeo-Stipetea at class lev-
el. Together these observations suggest that the number of
grassland classes recognised by Mucina et al. (2016) in the
Mediterranean lowlands may be excessive.

Part of the reason for this inflation of higher syntaxa
is the widespread adoption of what could be called a
“pseudo-synusial” approach. While the integrated synu-
sial method (Gillet and Julve 2018) records and classifies
tree, shrub, herb, and moss layers separately, many Medi-
terranean authors partially separate annual and perennial
vascular plants within the same relevés but then analyse
them together. This leads to inconsistent and poorly re-
producible results. Although these authors often claim to
follow Braun-Blanquet’s methodology, they in fact depart
from it. In Braun-Blanquet’s (1961) seminal study of xero-
thermic vegetation in inner alpine valleys, he recorded all
life forms—chamaephytes, hemicryptophytes, geophytes,
therophytes, and non-vascular plant taxa—within the
same relevé. The pseudo-synusial practice complicates
vegetation mapping, as many plots end up representing
multiple higher syntaxa, and it undermines conservation
assessments and biodiversity analyses, since area-based
indicators based on incomplete species records yield bi-
ased results. In biodiversity assessments, the inclusion of
multiple life forms invariably improves accuracy and ro-
bustness across ecosystems. For strictly phytosociological
classification of Mediterranean dry grasslands, however,
recording vascular plants only remains acceptable, pro-
vided the limitations are clearly acknowledged and data
comparability is ensured (Guarino et al. 2022).

Turning to the central question of the syntaxonomic
position of Sicilian dry grasslands and the relationship
between annual- and perennial-dominated grasslands,
our results indicate that while pure stands of annual spe-
cies may occur in extreme habitats or under strong dis-
turbance, most stands host both life forms together. Had
we adopted the synusial approach, we would have missed
what we consider the most interesting outcome of our
study: the coexistence of contrasting life forms within
the same stands and the ecological insights that this co-
existence provides. A possible way to reconcile syntaxa
based on merocoenoses with those representing entire
communities would be to return to the original concept of
Thero-Brachypodietea and re-establish distinct orders for
vegetation dominated by annuals versus perennials, as in
early Mediterranean phytosociological research.

Setting syntaxonomical issues aside, our recommenda-
tion is to adopt the most comprehensive sampling possi-

ble, recording all life forms together and later analysing
their relative contributions as we did. Relevés should be
assigned to phytosociological units only after careful eval-
uation of diagnostic, constant, and dominant species. This
approach avoids discarding syntaxa described under the
synusial perspective but integrates them within a more
inclusive framework. In the long run, such a strategy will
promote more objective, comparable, and ecologically
meaningful results.

Conclusions and outlook

We found that the communities of the dry grasslands in
Sicily are floristically very well characterised and ecologi-
cally well separated, but they hardly matched the contem-
porary syntaxonomic system as implemented in the “Eu-
roVegChecklist” (Mucina et al. 2016). With essentially each
stand being composed by a mixture of different vascular
and non-vascular plant life forms, the Sicilian dry grass-
lands are not an exception, but fully match patterns found
in dry grasslands throughout Europe. Thus, it is hardly jus-
tifiable to treat them in a deviating methodological man-
ner as some Mediterranean authors did by mentally split-
ting them in “perennial” and “annual” communities. This
approach, where homogeneous plots mostly would belong
to two or even three phytosociological classes, impedes
the application in conservation and mapping. Moreover,
it creates inconsistencies in the European syntaxonomic
classification system (Mucina et al. 2016), which thereby
would not meet the central requirement for a sound classi-
fication system to be built on one consistent methodology
(De Caceres et al. 2015). Finally, this approach of inten-
tionally not recording certain species in a plot leads to er-
roneous biodiversity assessments, ranking Mediterranean
grasslands as having only average alpha and beta diversi-
ty (Sabatini et al. 2022), while in reality their alpha and
beta diversity is clearly above average (Dengler et al. 2020;
Biurrun et al. 2021). We thus recommend recording and
sampling Mediterranean grassland in the same way as this
is done for grasslands in the rest of Europe. With our re-
gional study and limited dataset, we cannot forecast what
the consequence of such a consistent methodology across
Europe would be but likely the number of dry grassland
classes in the Mediterranean lowlands would have to be
reduced when future broad-scale classification syntheses
are conducted. For these as well as for studies on biodiver-
sity patterns, it would be crucial to find a way to filter out
from the EVA database (Chytry et al. 2016) those plots that
were recorded with what we call the “pseudo-synusial” ap-
proach as these are strongly biasing any results.

Data availability

The original data underlying this study are provided in
Suppl. material 1 and are also stored in the GrassPlot da-
tabase (Dengler et al. 2018).
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