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Abstract: Grasslands differ in many types depending on the diversity of climatic conditions and
substrates. Due to the great wealth of species found in semi-natural grasslands, they conserve
an essential part of the biodiversity of the European Union (EEC 43/92), defined as habitats of
community interest. Using the region of Calabria (southern Italy) as a case study, this study aims to
evaluate how species assemblages and a set of indicators applied to them can be used to analyse and
characterize the diversity, ecological features and conservation status of grassland habitats. Vegetation
analysis was carried out using the phytosociological method, and habitat ecological characteristics
were defined by Ellenberg’s ecological indicator adapted to the Italian flora. Multivariate analysis
of the surveys by means of cluster analysis and Principal Components Analysis (PCA) made it
possible to define eight habitat groups according to EEC Directive 43/92: 6110 Rocky or basophilous
calcareous grasslands of the Alysso-Sedion albi, 6170 Alpine and subalpine calcareous grasslands,
6220*a Pseudo-steppe with grasses and annuals of the Thero-Brachypodietea dominated by a Lygeum
spartum, 6220*b Pseudo-steppe with grasses and annuals of the Thero-Brachypodietea dominated
by Hyparrhenia hirta, 6210* Semi-natural dry grasslands and scrub facies on calcareous substrates
(Festuco-Bromometalia) (*important orchid sites), 6230* Species-rich Nardus grasslands, on siliceous
substrates in mountain areas (and submountain areas, in Continental Europe), 6410 Molinia meadows
on calcareous, peaty or clayey-siltladen soils (Molinion caeruleae), 6420 Mediterranean tall humid herb
grasslands of the Molinio-Holoschoenion, 6430 Hydrophilous tall herb fringe communities of plains and
of the montane to alpine levels. Temperature (T) and oisture (U) are the most statistically significant
ecological factors in differentiating different habitat types. Analysis of diversity, assessed through
Shannon and Evenness indices, showed that it is strongly correlated with habitat diversity as soil
moisture increases. The study of ecological characteristics, correlated with biodiversity indices, helps
to characterize grassland habitats, providing guidance for the implementation of active conservation
policies for these habitats.

Keywords: biodiversity; naturalness; Calabria region; grassland habitat; alien species; disturbing species

1. Introduction

Grasslands contain a high percentage of the world’s biodiversity, despite only a part of
the continents being covered by natural or semi-natural grasslands [1–3]. These ecosystems
account for 28% of natural and semi-natural habitats, ranking after forests in terms of
importance [4]. In the Italian territory, grasslands cover about 6.2% of the surface, and
about 3.6% is mapped as open grasslands by APAT [5].

Generally, semi-natural grassland habitats embedded in agricultural landscapes sup-
port floristic diversity and a variety of plant communities [6–8], being characterized by a
high number of species, many of which are endemics, and are important ecosystems for
maintaining biodiversity [9–11]. These habitats, therefore, have a high conservation value,
particularly due to their high biodiversity and related ecosystem services [12,13]. The
maintenance of grassland habitats and their associated species has been an important issue
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in nature conservation for decades [14]. Today, numerous studies analyse the ecological and
floristic features of natural and semi-natural Palearctic grasslands (accessed on 6 November
2023). Understanding and analysing the ecological factors that influence biodiversity is
essential for designing biodiversity management and conservation plans that are consistent
with the floristic and ecological characteristics of habitats [15–17].

The remarkable species richness of grasslands is threatened across Europe due to
global changes, fire and biological invasions [18–24]. The decline in the diversity and
connectivity of grasslands in Europe has increasingly become a major issue for their
conservation. Changes in land use have the greatest impact on the degradation and loss
of different habitat types [25–27]. Over the last century, a continuous loss of species-rich
grassland habitats, influenced by humans with conversion to intensive arable or grassland,
or abandonment to evolve into forests, has been recognized in Europe [28,29]. In this
perspective, beta-diversity, defined as the amount of turnover in species composition [30],
is important as a measure of species diversity on a regional scale, to be used as a basis
for conservation [31]. The conservation and sustainable use of a given territory must
take into account models that consider biodiversity as a factor in ecosystem stability and
functioning [32–34].

Some studies show that the species composition of grasslands varies to a different
extent depending on environmental characteristics [35–37]. Various ecological factors
affect the species diversity of grasslands habitats [38]; among them, the most important
are climate [39,40], altitude and, above all, soil moisture conditions [41,42]. In particular,
the humidity is one of the most important ecological factors that influence plant species,
the diversity and the floristic composition of grasslands habitats, as highlighted by
Zelnik et al. [43]; there have also been numerous research studies carried out in the last
decade in Europe on wetlands and the role of ecological factors [44–53]. Some studies
state that nutrient availability within the soil influences species richness in various
plant communities [54,55].

Grazing management is another factor that influences the structure and function of
these ecosystems [56–58], changing their plant diversity. Lozano et al. [59] suggest that
grazing pressure has a negative effect on the presence of endemic species, whereas in
alpine environments, grasslands with higher floristic diversity are generally associated
with environments with forms of management that involve the removal biomass, such as
mowing and grazing [60,61].

The use of ecological indices can point out anthropogenic impact and thus allow
the degree of naturalness or degradation of a habitat to be assessed based on species
composition [62].

This study aims to assess the conservation status of grassland habitats by analysing
the diversity, naturalness, and ecological characteristics of the plant communities. The
grassland spread in the Calabria region was used as a case study. In particular, the study
aims to (1) identify the different habitat types through the species assemblage; (2) define the
main ecological factors responsible for variation in the floristic composition of grassland
habitats vegetation; (3) assess the biodiversity and naturalness of the different habitat
types; (4) evaluate the relationship between species diversity and ecological factors. The
results of this study can be useful and applied in the management of grassland habitats for
biodiversity conservation purposes.

2. Materials and Methods

The study area was the Calabria region, which, as indicated in the Carta Natura [63],
occupies 24,375 ha, or 2.4% of the regional territory. For the photointerpretation of the habi-
tats, arc map 10.7 was used, with reference system WGS84 UTM Zone 33, (False_Easting:
500000,00000 False_Northing: 0.00000; Central_Meridian: 15.00000; Scale_Factor: 0.99960;
Latitude_Of_Origin: 0.00000; Linear Unit: Kilometres). The analysis has affected all grass-
land habitats depicted on the nature map.
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These habitats are distributed throughout the Calabrian territory, from sea level to
the mountain range, affecting different environmental contexts characterized by different
ecological conditions [27].

The analysis of grassland habitats was based on the vegetation relevés carried out in
the period 2018–2021, using the phytosociological method of the Zurich-Montpellier school,
considered to date the most suitable method for analysing vegetation [15,64,65]. A total of
61 unpublished relevés with 490 species were carried out (Figure 1) (Supplementary Materials
Table S1). The matrix of phytosociological relevés was subjected to multivariate analysis to
define coenological groups on an actual statistical basis. To this end, the abundance-dominance
data of the individual species reported with the Braun-Blanquet scale were converted with the
scale of numerical values proposed by Van der Mareel. The software used for the organization
of raw data and subsequent statistical analyses was Microsoft Excel 2010; PAST version 4.13;
R 4.1.1 R Core Team 2021.
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Figure 1. Study area: Calabria region. The red dots and numbers indicate the location of the
vegetation relevés.

The cluster analysis of the relief matrix used the average bond criterion (UPGMA) and
the Chord distance algorithm to identify homogeneous floristic compositions.

To highlight the ecological characteristics of plant species, the Pignatti–Ellenberg indi-
cator value was used in the version modified by Pignatti [66–68] for the Italian territory. The
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values of the ecological indicator of continentality (C), substrate reaction (R), temperature
(T), humidity/water availability (U), light (L) and nutrients (N) were taken into account.

The PCA was performed taking into account the Ellenberg ecological indicator
attributed to each species in the survey matrix to show the distribution of values for
ecological characteristics.

The nomenclature of the species follows the “Portal to the flora of Italia” [69], while
syntaxonomic references of plant communities take into account several studies [70]. Man-
uals for the interpretation and monitoring of habitats of community interest in Italy were
used for the interpretation of community habitats according to EEC Directive 43/92 [71,72].

Grassland biodiversity was assessed using the Shannon–Wiener H+ [73] and Evenness
(J) indices.

H+ = −Σpi ln pi (1)

where pi is the relative presence value of the ith species.

J = H/Hmax, (2)

where Hmax = ln S and S = species richness.
This index depends on the abundance and uniform distribution of species [74]. J’

varies between 1 when the species of the community are equally distributed and 0 when
only one species is present.

The Shannon index (H+) has also made it possible to evaluate Naturality (Na) by
taking into account not only the presence of alien species [74–77] but also the indicators of
disturbance, which emphasise the anthropic impact on the community.

Na = H+ (without alien and disturbing plant species)/H+). (3)

The Na index varies from 0 to 1, where 0 indicates that plant diversity consists entirely
of alien and disturbance species, while 1 indicates the absence of the latter in phytocoeno-
sis [74–78]. The alien species were extrapolated from the “Portal of the flora of Italy” [69],
while for the disturbance species the syntaxonomic references of the plant communities [70]
belonging to the anthropic vegetation classes Stellarietea mediae Tüxen, Lohmeyer & Preis-
ing ex Von Rochow 1951 and Galio aparines-Urticetea dioicae Passarge ex Kopecký 1969
were taken. Most disturbance species characterize various alliances: Securigero securidacae-
Dasypyrion villosi Cano-ortiz, Biondi & Canoex Cano-ortiz, Biondi & Canoin Biondi et al.,
2015 [Bromopsis erecta (Huds.), Dasypyrum villosum (L.) P.Candargy), Fedio graciliflorae-
Convolvulion cupaniani Brullo & Spampinato 1986 [Avena barbata Pott ex Link, Galactites
tomentosus Moench, Sonchus oleraceus L., Geranium dissectum L.]; Fumarion wirtgenii-agrariae
Brullo in Brullo & Marcenò 1985 [Calendula arvensis L. (Raf.) Nyman, Rumex bucephalophorus
L., Fumaria agraria Lag]; Trifolio medii-Geranietea sanguinei Müller 1962 [Senecio scopolii Hoppe
& Hornsch; Asphodelus ramosus L.]; Scleranthion annui (Kruseman & Vlieger 1939) Sissingh
in Westhoff, Dijk, Passchier & Sissingh 1946 [Anthemis arvensis L., Agrostis castellana Boiss.
& Reut., Muscari comosum (L.) Mill.]; Convolvulo arvensis-Agropyrion repenti Görs 1966 [Picris
hieracioides L., Dactylis glomerata L., Bunium bulbocastanum L.]; Inulo viscosae-Agropyrion
repentis Biondi & Allegrezza 1996 [Reichardia picroides (L.) Roth, Pallenis spinosa (L.) Cass.,
Daucus carota L., Verbena officinalis L.]; Cerastio arvensis-Cynosurenion cristati Blasi, Tilia,
Rosati, Del Vico, Copiz, Ciaschetti, Burrascano 2012 [Anthoxanthum odoratum L., Lotus
corniculatus L., Plantago lanceolata L.]; Resedo albae–chrysanthemenion coronarii Cano-Ortiz,
Biondi & Cano In Biondi, Allegrezza, Casavecchia, Galdenzi, Gasparri, Pesaresi, Poldini,
Sburlino, Vagge & Venanzoni 2015 [Reseda alba L.]; Echio plantaginei-Galactition tomentosae
O. Bolòs & Molinier 1969 [Sherardia arvensis L., Plantago lagopus L., Lotus ornithopodioides
L.]; Digitario ischaemi-Setarion viridis Sissingh in Westhoff, Dijk, Passchier & Sissingh 1946
(Digitaria sanguinalis (L.) Scop.; Hordeion leporini Br.-Bl. in Br.-Bl., Gajewski, Wraber & Walas
1936 corr. O. Bolòs 1962 [Carduus pycnocephalus L., Anacyclus clavatus (Desf.) Pers., Rostraria
cristata (L.) Tzvelev, Glebionis coronaria (L.) Spach]; Hypochoeridion achyrophori Biondi &
Guerra 2008 [Linum strictum L., Euphorbia exigua L.]; Taeniathero-Aegilopion geniculatae Rivas-



Land 2024, 13, 719 5 of 17

Martínez & Izco 1977 [Trifolium stellatum L., Trifolium scabrum L.]; Holco mollis-Pteridion
aquilini Passarge (1994) 2002) [Pteridium aquilinum (L.); Holcus lanatus L.]; Ridolfion segeti
Negre ex Rivas-Martinez, Fernandez-Gonzalez & Loidi 1999 [Phalaris paradoxa L., Trigonella
sulcata (Desf.) Coulot & Rabaute]; Caucalidion platycarpi Tüxen ex Von Rochow 1950 nom.
mut. Rivas-martinez, T.E. Diaz, Fernandez-Gonzalez, Izco, Loidi, Lousã & Penas 2002
[Lysimachia arvensis (L.) U. Manns & Anderb.]; Veronico agrestis-Euphorbion peplus Sissingh
ex Passaggio 1964 [Sonchus asper (L.) Hill].

To verify the significance of the differences observed between the different habitat
groups and the average values of the ecological indicator, the Mann–Whitney test was
used. Finally, a correlation analysis (PAST version 4.13 [79,80]) was applied between the
value of Naturalness (Na) and the values of the ecological indicator of temperature (T) and
humidity (U) of the identified habitat types. Person statistics were used, and, finally, the
linear regression model by Durbin–Watson and Breusch–Pagan tests were applied [81–83].

3. Results
3.1. Cluster Analysis to Define Habitat Types

Cluster analysis of the grassland vegetation relevés matrix produced the dendrogram
in Figure 2, where the abscissa shows the distinctive number of each relevés, while the
ordinate shows the scale of similarity. The first subdivision is at a similarity level of 1.4; the
subsequent subdivisions (similarity coefficient 1.3-1.2-1.1) show us eight groups of different
grassland habitats.
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Figure 2. Dendrogram derived from cluster analysis on grassland relevés (Chord as distance coeffi-
cient and UPGMA as clustering algorithm) showing 8 habitat groups: 6220*a: Pseudo-steppe with
grasses and annuals of the Thero-Brachypodietea dominated by Lygeum spartum L., 6220*b: Pseudo-
steppe with grasses and annuals of the Thero-Brachypodietea dominated a Hyparrhenia hirta (L.) Stapf,
6230*: Nardus grasslands rich in species, on siliceous substrates in mountain areas; 6210*: Semi-
natural dry grasslands and scrubland facies on calcareous substrates (Festuco-Brometalia) (*important
orchid sites).

The first group (Rel. 1–10), according to “Italian interpretation manual of the
92/43/EEC Habitats Directive” [71], belongs to the habitat 6170: Alpine and subalpine
calcareous grasslands, the second group (Ril 11–21) belongs to habitat 6210*: Semi-
natural dry grasslands and scrubland facies on calcareous substrates (Festuco-Brometalia)
(*important orchid sites), the third group (Rel. 22–31) to the habitat 6220*a: Pseudo-
steppe with grasses and annuals of the Thero-Brachypodietea dominated by Lygeum
spartum L., the fourth group (Rel. 32–43) to habitat 6220*b: Pseudo-steppe with grasses
and annuals of the Thero-Brachypodietea dominated by Hyparrhenia hirta, the fifth group
(Rel. 44–47) fits to the habitat 6230*: Nardus grasslands rich in species, on siliceous
substrates in mountain areas (and submountain areas, in Continental Europe), the
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sixth group (Rel. 48–53) belongs to habitat 6420: Mediterranean tall humid herb grass-
lands of the Molinio-Holoschoenion, the seventh group (Rel. 54–56) belongs to habitat
6410: Molinia meadows on calcareous, peaty or clayey-siltladen soils (Molinion caeruleae),
and the eighth group (Rel. 57–61) belongs to habitat 6430: Hydrophilous tall herb fringe
communities of plains and of the montane to alpine levels.

Habitat 6220* is characterized as grassland of small grasses rich in therophytes, pre-
dominantly open, thermo- and meso-Mediterranean bioclimate, xerophilous; oligotrophic
soil communities are located on base-rich substrates, often calcareous. In loose soil, we
find the habitat dominated by Hyparrhenia hirta [84], while on clayey soils, we find the
habitat dominated by Lygeum spartum [85]; in both, it is possible to find some interesting
species [86]. Habitat 6230* [87,88] includes grasslands dominated by Nardus stricta which
develop on acid soils in rather flat areas from the hills to the mountain range; in acidic
soils, they can derive from siliceous or carbonate rocks through leaching. The grasslands
of habitat 6210* [71,89,90] are predominantly of secondary origin and characterized by a
high density of species. Hemicryptophytes dominate these communities and can develop
on different types of substrate. In Italy, these grasslands, excluding the North, show their
greatest presence along the Apennine chain. Habitat 6170 is located on limestone sub-
strates [91,92] and frames the grasslands present in the Alps and the Apennines above the
forest limit. Habitat 6410 includes wet semi-natural grasslands characterized by Molinia
caerulea [93,94] and is located from the plain to the upper limit of the forest. Habitat 6420
includes high size grasslands characterised by Mediterranean reeds and other hygrophilous
species [95,96] and is present in retrodunal systems but also in indoor wetlands. Habitat
6430 is characterized by hygrophilous and nitrophilous species (megaforbes), which settle
mainly along the edge of waterways [97,98].

3.2. Ecological Factors Analysis

The PCA was carried out taking into account the Ellenberg ecological indicator value,
which showed the distribution of relevés on the basis of ecological characteristics and
explained 81.3% of total dataset variation with the first two components, with PC1: 60.9%
and PC2: 20.4% (Figure 3).
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Figure 3. Biplot of relevés dispersion on PCA related to Ellenberg ecological indicator. The numbered
points are the relevés of the various habitat types: in purple is the habitat 6210*, brown is the habitat
6170, light green is the habitat 6230*, red is the habitat 6220*a, yellow is the habitat 6220*b, sky blue
is the habitat 6410, black is the habitat 6430, blue is the habitat 6420. The green lines indicate the
direction of maximum correlation of the Ellenberg indicator values. (U = humidity; C = continentality;
R = substrate reaction; T = temperature; L = light; N = nutrients).

The PCA highlights three habitat groups. The habitats 6230*, 6410, 6420, and 6430 are
related to the ecological factors of moisture (U) and nutrients (N); these are in fact habitat
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types located in the mountainous belt, where there is a climate with greater water availabil-
ity. The habitats 6220a* and 6220*b are arranged along ecological gradients of temperature
(T) and light (L), confirming that these habitats are characterised by herbaceous, perennial,
thermophilous vegetation that settles in the driest areas of the Mediterranean [70]. Habitats
6170 and 6210* are distributed on the basis of the ecological indicator of continentality
(C) and substrate reaction (R); they are in fact habitats located in the mountainous belt on
highly permeable basic pH limestone substrates.

The overall table of this assessment is Supplementary Materials Table S2.
The ecological features of the eight identified habitats are shown in Figure 4 by

boxplots with the values of the ecological indicator of humidity (U), temperature (T), light
(L), nutrient (N), continentality (C) and substrate reaction (R). To quantify the separability
of the various habitat groups considering the mean values of the ecological index, the
Mann–Whitney test was applied.
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Figure 4. Box plot representing the Ellenberg indicator values of each habitat: 6170 Alpine and
subalpine calcareous grasslands; 6210* Semi-natural dry grasslands and scrubland facies on
calcareous substrates (Festuco-Brometalia) (*important orchid sites); 6220*a Pseudo-steppe with
grasses and annuals of the Thero-Brachypodietea dominated a Lygeum spartum L., 6220*b Pseudo-
steppe with grasses and annuals of the Thero-Brachypodietea dominated by Hyparrhenia hirta; 6230*
Nardus grasslands rich in species, on siliceous substrates in mountain areas; 6420 Mediterranean
tall wet grass grasslands of the Molinio-Holoschoenion; 6410 Molinia meadows on calcareous, peaty
clayey-siltladen soils (Molinion caeruleae); 6430 Hydrophilous tall grass fringe communities of
plains and of the mountain to alpine levels.

The ecological factor light (L) is greatest regarding 6220*a and 6220b*, while lower
values are observed in the habitat 6420; significant differences occur for this ecological
indicator between habitat 6220*a and habitats 6170 (p-value = 0.000) and with habitat 6210*
(p-value = 0.000); other significant differences are observed between habitat 6220*b and
habitat 6430 (p-value = 0.04).

The ecological indicator temperature (T) is higher in habitats 6220a*and 6220*b and
lower in habitats 6170, 6420 and 6430, as shown by the dissimilarity between habitat 6170
and habitats 6220*a (p-value = 0.00) and 6220*b (p-value = 0.00); other statistically significant
differences are shown between habitat 6220*a and habitats 6210* (p-value = 0.00); 6420
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(p-value = 0.05); and 6430 (p-value = 0.05). Finally, habitat 6220*b also shows differences
with habitat 6210* (p-value = 0.00) and 6430 (p-value = 0.04).

The Ellenberg indicator values of continentality (C) are highest in habitat 6210* and
6170, while they are lower in habitats 6220*a 6220*b, 6410 and 6430. These differences
are significant because habitat 6210* differs from habitats 6220*a (p value = 0.00), 6220*b
(p value = 0.00), 6410 (p value = 0.01) and 6430 (p value = 0.03).

The indicator values of moisture (U) are higher in habitats 6430, 6420 and 6410, while
they are lower in habitats 6220*a, 6220*b, 6170 and 6210*. Statistically significant differences
are observed between habitat 6170 and 6210* (p-value = 0.0097), 6410 (p-value = 0.0314;)
and 6430 (p-value = 0.0490;). Other significant differences are found between habitat 6210*
and habitats 6220*a (p-value = 0.00), 6220*b (p-value = 0.03), 6410 = (p-value = 0.02) and
6430 (p-value = 0.04). Finally, the humidity factor differentiates habitat 6220*a with 6410
(p-value = 0.03), 6220*a with 6430 (p-value = 0.04), habitat 6220*b with 6410 (p-value = 0.03),
and 6220*b with 6430 (p-value = 0.03).

The indicator values of substrate reaction (R) show other significant differences
between habitat 6170 and habitats 6220*a (p-value = 0.00); 6220*b (p-value = 0.00).
Analysis shows that habitat 6210* differs from habitats 6220*a (p-value = 0.00) and
6220*b (p-value = 0.00), confirming that the grasslands of this habitat develop on
calcareous and basic or sub-acid substrates [70].

The nutrient ecological indicator (N) in wet grasslands 6430 and 6410 differs
significantly from other habitats. In particular, habitat 6170 differs from habitat 6220*b
(p-value = 0.00) and habitats 6410 (p-value = 0.03) and 6430 (p-value = 0.05), and also
habitat 6220*a has significant differences to habitats 6410 (p-value = 0.03) and 6430
(p-value = 0.05), and habitat 6220*b differs from habitat 6430 (p-value = 0.04).

Overall, this analysis showed that the ecological indicator humidity (U) and nutrients
(N) are the most important that influence the composition of the species in the analysed
dataset, while the factors of light (L) and substrate reaction (R) are less important. This
confirms the clear difference between dry and wet grasslands. The overall table of this
assessment is a Supplementary Materials Table S3.

3.3. Plant Diversity and Naturalness

The biodiversity values of the grassland habitats compared (Figure 5) show that the
total Shannon index (H+) is higher in grassland habitats characterized by species with
higher humidity values (U), including 6230*, 6430, 6420 and 6210*, while the Shannon index
(H+) calculated on disturbance and alien species has higher values for the driest grassland
habitats, such as 6220*a and 6220*b, characterized by species with higher Ellemberg indica-
tor value of temperature (T) and light (L). Equipartition (J) is higher in habitats with higher
humidity index (U) (see Supplementary Materials Table S4).

The naturalness values (Na) for the different habitat types (Figure 6), which take into
account the ratio between the values of total H+ and H+ without disturbance and alien species,
are found to be at a maximum level in habitats 6230*, 6410, 6430 and 6420, while habitats
6220*b, 6220* and 6170 show lower values of naturalness (Supplementary Materials Table S5).

Figure 7 shows the contribution to the biodiversity of alien and disturbance species in
the different habitat types, taking into account the relationship between the total H+ value
and the H+ value of the alien and disturbance species. The graph shows that maximum
values are found in habitats 6220*b, 6220* and 6170, confirming that in these habitats
disturbance and alien species contribute more to the value of biodiversity than habitats
6230*, 6410, 6430 and 6420, which show lower values and are therefore characterised by
greater biodiversity (Supplementary Materials Table S6).
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3.4. Relationship between Diversity and Ellenberg Indicator Values

The linear regression model (Figure 8) between the naturalness index (Na) and the
ecological temperature indicator (T) shows a significant slope value < 0.05 (0.000046817),
correlation index r = −0.84 and regression index r2 = 0.71 (Supplementary Materials Table S7).
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Figure 8. Linear regression model between the naturalness index (Na) and the Ellenberg indicator
values of temperature (T) of the representative relevès for each habitat type: in yellow 6220*a, in red
6220*b, in black 6230*, in green 6210*, in brown 6170, in dark blue 6420, in blue 6410, in violet 6230*.

To check the autocorrelation analyses, the Durbin-Walson statistical test was applied,
which assumes a value of 1.82 and a probability of autocorrelation of 32%, while the variance
of the residuals and thus the homeschedasticity was calculated using the Breusch–Pagan test,
with a value of 3.01 and a probability of homeschedasticity of 0.08%. This analysis shows that
habitats’ naturalness decreases with increasing temperature, as low-lying habitats are most
impacted by anthropogenic activity and are often close to urbanized areas.

The linear regression model between the naturalness index (Na) and the Ellenberg indica-
tor values of moisture (U) (Figure 9) shows a significant slope value < 0.05 (0.000000010994),
correlation index r = −0.87 and regression index r2 = 0.75 (Supplementary Materials Table S8).
In order to verify the autocorrelation analyses, the Durbin–Watson statistical test was applied,
which assumes a value of 1.51 and a probability of autocorrelation of 0.09%, while the variance
of the residuals and thus the homeschedasticity was calculated using the Breusch–Pagan test,
with a value of 1.40 and a probability of homeschedasticity of 23%. This analysis agrees with
the previous one; in fact, it shows that the naturalness of habitats increases with increasing
humidity, an ecological indicator that characterizes habitats at higher altitudes with low values
of the temperature index, located in the mountain belt where most of the protected areas of the
region are located and where the anthropic pressure is lower.
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4. Discussion

Cluster analysis on grasslands vegetation allowed us to identify eight different groups
attributed to as many habitats of EEC Directive 43/92 in accordance with the interpre-
tation manual [71]. These groups are in agreement with the alliances recognized in the
phytosociological literature [70,99].

Principal component analysis (PCA) allowed us to recognize three groups in the ma-
trix of phytosociological relevés based on ecological factors: habitats 6210* and 6170 are
characterized by species that prefer base-rich substrates, also showing high values of conti-
nentality; habitats 6410, 6430 and 6420 are those with the greatest availability of moisture
and nutrients in the soil; and habitats 6220*a and 6220*b are the most thermophilous ones
as they are located at low altitudes in purely Mediterranean bioclimatic conditions [86].

Box plots of Ellengerg indicator values confirm ecological differences between habitats.
In fact, the box plots show a significant difference for the continentality indicator between
habitat 6210* and the other habitats, which is related to the fact that the typical vegetation
of this habitat, referring to the class Festuco valesiacae-Brometea erecti Br.-Bl. & Tüxen ex
Br.-Bl. 1949, characterizes the continental grasslands of Central and Eastern Europe, which
develop in areas with low annual rainfall, in agreement with Biondi et al. [70]. This habitat,
in the analysis carried out, is similar to 6170, characterized by the vegetation of the Ranun-
culo pollinensis-Nardion strictae Bonin 1972 alliance distributed in the mountain range on
calcareous or dolomitic substrates and compacted soils rich in organic substances, often in
stations characterized by prolonged snowfalls which guarantee greater soil humidity [100].

The high biodiversity values of habitats 6230*, 6430, 6420 and 6210* are associated with
the high value of the Ellember indicator moisture value (U) and this is consistent with [101],
which emphasises high biodiversity values for semi-natural wet grassland habitats.

The ecological factors that contribute to the differentiation of habitat types are mainly
temperature (T) and humidity (U), which play an important role in defining the floristic
composition of the identified grassland habitats. Indeed, grassland habitats are widespread
in the region from sea level to the mountain belt and occupy a wide altitudinal range, where
temperature and humidity factors play a fundamental role in the ecological characterisation
of the different habitat types.

The nutrient factor (N) showed significant differences between the findings belonging
to habitat type 6430, characterized by nitrophilous communities, and those belonging
to groups 6220a and 6220b; this could be due, in agreement with the evidence of other
studies [102,103], to a higher soil moisture influencing nutrient availability. In fact, habitat
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6430 presents higher humidity values, but, above all, high values of naturalness and
diversity are characterized by a variable phytocoenosis consisting also of species from other
communities [104], some of which are rare and threatened, which, in agreement with other
studies, guarantees a greater conservation value for the habitat [105].

Overall, the analysis performed, in agreement with some studies [106], shows that the
most important ecological gradients influencing the diversity of grassland vegetation are
moisture and nutrients. Furthermore, the results show that grassland habitats characterised
by species with higher moisture values are more natural.

This is evident in habitat 6410, of grasslands with high floristic diversity and a very
broad ecology developing on mesotrophic, oligotrophic, moist and cool soils [70,107]. The
vegetation of this habitat is linked to the water table, which determines the differentiation
of species in these environments [101].

A Mediterranean, thermo-xerophilous vegetation characterizes the 6220*a and 6220*b
habitat types; they grow at low altitudes in the driest stations where ecological factors such
as temperature and brightness are greater and therefore reduce water availability within
the soil [86]. These habitats are the least natural, as intensive land use at low altitudes,
associated with fires, soil disturbance and anthropisation, plays a fundamental role in
structuring grassland plant communities [86,108], affecting diversity and naturalness and
causing changes in biodiversity, both in terms of a reduction in species richness and the
replacement of typical species by disturbed ones [109,110].

Many of the species typical of grasslands are threatened with extinction [110], and
the decrease in surface area and quality shows that grasslands are now among the most
endangered European habitats [18,111].

5. Conclusions

Our study shows that the plant assemblage composition is the best tool to characterize
grassland habitats from an ecological and typological point of view, indeed the analysis of
grassland vegetation can provide information on ecological factors that influence the species
composition and distribution of plant communities. In particular, the species diversity
indices (Shannon, Evenness) applied in this study show that naturalness is greater in wet
than dry grasslands. However, knowledge of land use and the environmental context
of ecosystems varies due to the interaction between the effects of human activity and
other environmental factors. Ecological indicators, such as those used here, can therefore
be equally effective to define patterns and processes of change and are a useful tool for
identifying areas of high natural value. To counter the continuing loss of grasslands and
their typical species, it is important to understand the causes of vegetation change, which
are likely to differ between different habitat groups. Therefore, the results of this study
showed that the diversity and naturalness indices applied, together with the assessment of
ecological factors, are useful tools for implementing both an appropriate interpretation and
a management and conservation strategy under EEC Directive 43/92. Understanding the
ecological features and assessing habitat biodiversity allows us to interpret evolutionary
dynamics and predict future scenarios due to climate change [112,113].

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/land13060719/s1, Table S1: matrix of phytosociological
relevés; Table S2: Relevés’ dispersion biplot on PCA in relation to ecological factor; Table S3:
The mean values of the ecological index and the non-parametric Kruskal–Wallis test; Table S4:
Values of biodiversity indices for each habitat type (H+ = Shannon total species, J = Evenness,
H+ sp. dist/alien = Shannon index of alien and disturbance species); Table S5: Values of the
naturalness index (Na) of habitat types; Table S6: Percentage values of the H+ index of alien
and disturbance species on total biodiversity in the various types of habitat; Table S7: Linear
regression model between the naturalness index (Na) and the values of the ecological temperature
factor (T); Table S8: Linear regression model between the naturalness index (Na) and the values
of the ecological factors of humidity (U) of the representative surveys for each type of habitat.
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104. Myśliwy, M.; Pešić, V. Tall Herb Fringe Vegetation on Banks of Montenegrin Rivers as a Habitat Type of European Importance.
Water 2023, 15, 3684. [CrossRef]
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