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Are all pastures eligible for conservation? A phytosociological survey of
the Sardinian-Corsican Province as a basic tool for the Habitats
Directive

E. FARRIS'*, Z. SECCHI’, L. ROSATI?, & R. FILIGHEDDU'

lDipartimento di Scienze della Natura e del Territorio, Universita di Sassart, Italy and 2Scuola di Scienze Agrarie, Forestali,
Alimentari e Ambientali, Universita della Basilicata, Italy

Abstract

A consistent vegetation classification is an essential tool for conservation and monitoring purposes, also for semi-natural
habitats such as pastures and hay meadows that are linked to traditional land use and generally considered crucial to maintain
biodiversity within agricultural systems. Indeed, these habitats can be strongly affected by land abandonment or agriculture
intensification. Despite their importance in the framework of the EU Habitats Directive (43/92/EEC), information on
distribution, species composition, and conservation status is still lacking for many regions. To fill these gaps, we investigated
from a phytosociological point of view the sheep pastures of the North-Western Sardinian trachy-basaltic sector. Three main
communities were described as new: (i) perennial montane (meso-supratemperate) cattle and sheep pastures (Loto alpini-
Festucetum morisianae); (i) mixed (annual and perennial) Mediterranean (lower Thermomediterranean to lower
supratemperate) sheep pastures (Ornithogalo corsici-Poetum bulbosae); and (iii) annual ploughed subnitrophilous
Mediterranean and Temperate pastures (Cynosuro polybracteati-Vulpietum ligusticae). As the first two host numerous endemic
taxa and show a peculiar floristic composition, we assign them a higher conservation value, testified also by their classification
in two new syntaxa: Danthonio decumbentis-Caricenion insularis (Molinio-Arrhenatheretea) and Ornithogalo corsici-Trifolienion
subterraner (Poetea bulbosae), respectively.

Keywords: Biodiversity conservation, Habitats Directive, Mediterranean grassland, northern Sardinia, phytosociology

Introduction cessation of grazing (Farris et al. 2010; JaniSova et al.

2011; Vassilev et al. 2011).

Pastures are often man-made grasslands of which the The Habitats Directive (43/92/EEC) aims to

stability and productivity largely depend on the
amount of species diversity (Sanderson et al. 2004;
Clergue et al. 2005). Moreover, structure and species
assemblages reflect environmental factors and man-
agement practices (Muller 2002; Blasi et al. 2009).
These habitats can be strongly affected by changes in
management practices such as land abandonment or
agricultural intensification (Stoate et al. 2001;
Dullinger et al. 2003; Stewart & Pullin 2008).
Presently, there is increasing evidence that maintain-
ing low levels of grazing livestock is essential to
preserve plant species and habitats linked to pastures.
Things that are detrimental include decreasing the
amount of shepherding, land abandonment, and the

protect habitats and species that are considered
crucial for the conservation of the biodiversity
within the European Union (EU). Since 28 out of
198 habitat types listed in the Annex I of the
Habitats Directive are under threat due to the
cessation of traditional, low-intensity agricultural
practices (Ostermann 1998), several nature con-
servation programs (Kleijn & Sutherland 2003;
Nentwig 2003; Primdahl et al. 2003) are trying to
maintain these semi-natural habitats linked to
traditional management methods (Myklestad &
Saztersdal 2004; Koocheki & Gliessman 2005).
Consequently, these habitats should be well known
under the structural, compositional, and functional
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aspects. Unfortunately, the information that many
European habitats have on distribution, species
composition, and conservation status is lacking
(Ejrnaes et al. 2004).

In this paper, we aimed to evaluate which plant
communities linked to ovine grazing are eligible for
conservation within the framework of the EU
Habitats Directive, and consider the North-Western
Sardinian area (Italy) as a case study. Specific goals
were (i) to identify and characterize these plant
communities from an ecological and chorogical point
of view; (ii) to compare their floristic composition and
species richness in order to evaluate their conserva-
tion value; and (iii) to discuss the appropriateness of
their inclusion in the EU Habitats Directive.

Materials and methods
Study area

According to Arrigoni (1983a), the study area
coincides with the trachy-basalt biogeographic sub-
district of NW Sardinia (Figure 1), including the
subregions of Logudoro, Mejlogu, Planargia, Cam-
peda, Marghine, and Goceano. The substrata may be
ascribed mainly to two vast complexes: the Oligo-
Miocene rhyolites and andesites and the Plio-
Pleistocene basalts. Some surveys were also carried
out on Miocene marine succession limestones and on
metavolcanic rocks of the Ordovician in the Goceano
subregion (Carmignani et al. 2001). In soils of the
Oligo-Miocene rhyolites, the average pH is 5.8
(range: 5.4—6.2), while the pH of the andesites is
6.0 (range: 5.7-6.4). The Plio-Pleistocene basalts
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have an average pH of 5.7 (range: 5.4-5.9),
metavolcanic rocks of the Ordovician in the Goceano
subregion 5.4 (range: 4.9-5.8), and Miocene lime-
stones 7.6 (range 7.2-7.8).

The average annual temperature of the study area
varies from 16.7°C in Olmedo (52m) to 11.2°C in
Anela (1000 m) with annual rainfall ranging from 574
to 1034 mm, respectively (Figure 1). The study area is
under the influence of prevalent subhumid ombrotypes,
with rainfall always exceeding 900 mmyear ' above
500 m. The phytoclimatic classification, according to
the proposal of Rivas-Martinez et al. (2011), recognizes
two different bioclimatic regions: Mediterranean and
Temperate (sub-Mediterranean variant) with the
following phytoclimatic belts: upper thermomediterra-
nean, lower and upper mesomediterranean, and lower
and upper supratemperate (Farris et al. 2007b).

The majority of the vegetation surveys were
gathered within Natura 2000 sites: Valley of the
Temo river (ITB 000040); Internal and coastal areas
between Bosa and Capo Marrargiu-Porto Tangone
(ITB 000041); Plateau of Campeda (ITB 001101);
and Marghine-Goceano (ITB 001102).

Data collection

In the period 2000-2004, we carried out 76
phytosociological surveys (Braun-Blanquet 1965;
Biondi 2011; Pott 2011). In order to compare species
richness among surveys, each survey was taken on a
2 X 2 m standard plot. Nomenclature of plant species
followed Conti et al. (2005), with the exception of
Carex caryophyllea ssp. insularis (according to Arrigoni
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Figure 1. Study area and thermopluviometric diagram of Anela station; data refer to the period 1951-1985. Phytoclimatic diagnosis:
temperate (submediterranenan variant), Euoceanic upper mesotemperate lower humid. P= 1040mm; Tmed 11.2°C; index of

submediterraneity = 273.2 (strong submediterranean).
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1984), Cynosurus polybracteatus (according to Pignatti
1982), Gagea bohemica ssp. corsica (according to
Gamisans & Marzocchi 1996), and Morisia monantha
(according to Corrias 1979).

Data analysis

Multivariate analyses allowed us to identify different
plant communities: species composition and relative
abundances were analyzed by multivariate tech-
niques using the PRIMER software package (Ply-
mouth Marine Laboratory, Plymouth, UK; Clarke &
Warwick 1994).

Cover values were transformed according to van
der Maarel (1979), and data were not standardized.
The Bray—Curtis similarity matrix was used to
generate a two-dimensional, unconstrained ordination
plot with non-metric multidimensional scaling
(NMDS) techniques. Cluster analysis was performed
using the modified TWINSPAN procedure (Rolecek
et al. 2009). A similarity test (ANOSIM; Clarke 1993)
was performed to examine the differences among plant
communities. Plant species contributing to the
differences among communities were detected using
the similarity percentages procedure (SIMPER;
Clarke 1993). We used a similar approach to compare
our communities with literature data. Syntaxonomic
nomenclature was in accordance with the International
Code of Phytosociological Nomenclature (Weber et al.
2000). Plant life forms (Raunkiaer 1934) were based
on the collected material, whereas the chorological
categories for plant species were assumed from Pignatti
(1982) and grouped in wider categories (Pignatti
1994). Ellenberg indicator values according to Pignatti
(2005) were used as supplementary variables to explain
NMDS ordination. Furthermore, each species was

14
-

Loto-Festucetum morisianae

Lotus comiculatus alpinus g:'. U.la.. 3
Cynosurus cristatus -

Agrostis capillaris

Romulea reguloni ——

30
Trifolium subtarranaum 39 ‘iz.
Omithogalum corsicum 28825554 1 922
-

Poa bulbosa o 8
aryg 33’

Ornithogalo-Poetum bulbosae

Pastures eligible for conservation 3

categorized at vegetation class level, following Rivas-
Martinez et al. (2002). Species richness at community
level was compared using ANOVA and visualized with
a “box and whisker” graph.

Results

We recognized three main groups of pastures domi-
nated by Festuca morisiana (F), Poa bulbosa (P), and
Vulpia ligustica (V), respectively. The ordination and
cluster analysis (Figure 2) showed a clear-cut separation
among the three communities, and ANOSIM high-
lighted strong differences among the species assem-
blages (R = 0.994; P < 0.001). Ellenberg indicator
values show that the vertical axes can be interpreted as
an opposite gradient of soil moisture and temperature,
whereas the horizontal axes are mainly linked to the
nutrients availability. The SIMPER procedure ident-
ified the major contributors to the dissimilarities
observed (Online Appendix 1) with 5—6 taxa account-
ing more than 30% of the dissimilarity. Dissimilarity
between assemblages varied from 91.78% between I/
and Pto 98.90% between F and P,

The comparison of biological spectra (Online
Appendix 2) revealed the prevalence of perennial
species in the pastures characterized by E morisiana:
the hemycriptophytes are always over 60% and the
geophytes over 20%, while the therophytes are never
over 5-10% of total frequencies. The PR bulbosa
pastures are composed in equal parts by hemycrip-
tophytes, geophytes, and therophytes. On the
contrary, nitrophilous pastures dominated by I/
ligustica are characterized by annual species, which
account for 80% of the total frequencies.

Chorological spectra (Online Appendix 3) show
the peculiarity of the F moristana community, being

2D Stress: 0.07

Vulpia ligustica
___Bromus hordeaceus 0 5‘!

— Trifolium nigrescens, 5
43¢ éﬁaa

47'70
%1 P

. o2 74
Cynosuro-Vulpietum ligusticae

*s8
95

Figure 2. Two-dimensional NMDS ordination of phytosociological surveys comparing plant species assemblages. Ellenberg indicator values
with axes correlation > 0.5 (Spearman rank) were plotted as supplementary variables. Only species vectors with correlation > 0.8 were plotted.
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mainly constituted by endemic (20-40%) and
boreal-temperate (>40%) plants that are rare or
confined to wet places within the Mediterranean
area. High percentages of endemic raxa have also
been found in the P bulbosa association, ranging from
10% to 38%. Unlike F morisiana pastures, those
characterized by P bulbosa are dominated by
Mediterranean taxa, ranging from 50% to 60%. In
the P bulbosa pastures, the boreal—temperate taxa are
never over 15%. Finally, in the I ligustica pastures,
the endemic component is completely absent, while
the Mediterranean raxa are increasingly dominant
(70-80%).

The Poaceae prevail in the F morisiana (>35%) and
V. higustica (>30%) pastures, while they are not over
10% in the P bulbosa pastures where the Asteraceae
prevail (> 15%). Cyperaceae, Juncaceae, and Ranuncu-
laceae show the highest frequency in the F morisiana
pastures and the lowest in the 17 ligustica pastures, may
be as a consequence of a decreasing soil humidity.

The prevailing vegetation classes (>50% in
frequencies) were, respectively, Molinio-Arrhenathere-
tea (F morisiana pastures), Poetea bulbosae (P bulbosa
pastures), and Stellarietea mediae (V. ligustica pastures).
In relation to the different soil humidity, in the F
morisiana pastures the species of the Isoeto-Nanojuncetea
are well represented (> 10%), whereas in the I ligustica
and R bulbosa pastures a big proportion of species of the
Helianthemetea gurtari (nearly 20%) has been detected.

Comparison with literature data (not shown here)
revealed that the communities highlighted by the
multivariate analysis could be referred to three new
plant associations, as described below.

28 !

26

24

22

20

Species

Figure 3. Box and whisker plots of species richness between the
surveyed communities: V = I/ ligustica comm.; P = P bulbosa
comm.; F = FE morisiana comm.

Finally, the species richness does not show
significant differences (p > 0.05) among the com-
munities (Figure 3): ranging from 3.2 species 1 m~?
to 6.4 species 1 m ™2 even if the evenness is noticeably
lower in the V ligustica community.

Vegeration description

Loto alpini-Festucetum morisianae ass. nova hoc
loco (typus rel. no. 1, Table D).

Physiognomy: Dense, low height (10—20cm)
pasture, heavily grazed by sheep and cattle.

Species composition: Perennial pasture charac-
terized by the contemporaneous presence of perennial
European temperate species (Agrostis capillaris,
Anthoxanthum odoratum, Cynosurus cristatus, Dantho-
nia decumbens, Holcus lanatus, Lotus corniculatus
ssp. alpinus) and several Sardinian and Sardinian—
Corsican mountain endemics (e.g. C. caryophyllea
ssp. insularis, Cerastium palustre, E wmorisiana,
Oenanthe lisae, and Ranunculus cordiger ssp. cordiger).
Mediterranean species are nearly absent in the
A. odoratum variant, whereas in the other surveys
they show a frequency < 15%.

Ecology: This perennial grassland grows on wet
soils that are snowy on average for 30 days per year
and flooded for 4—6 months; summer drought is
reduced to less than 2 months. They are found at an
average altitude of 1000 m in the upper mesotempe-
rate—lower supratemperate, humid phytoclimatic
belts. This association was found on Oligo-Miocenic
trachytes in the Marghine area, whereas the A.
odoratum variant is exclusive of the metamorphic
schists in the Goceano area.

Distribution: Exclusive of Sardinia in the Mar-
ghine-Goceano mountain range: this is the first time
that some raxa as F morisiana and R. cordiger
ssp. cordiger are reported outside the Gennargentu
massif, to which they were considered exclusive
(Arrigoni 1982, 1983b).

Syndynamics: This association is included in the
Glechomo sardoae-Quercetum congestae vegetation
series, whereas the A. odoratum variant is part of
the Saniculo europaeae-Quercerum ilicis series (Bac-
chetta et al. 2009).

Syntaxonomy: A community dominated by F
morisiana was already described as Festucetum
morisianae (Nimis 1980; Arrigoni 1986), an associ-
ation found on the steep slopes of the Gennargentu
massif, at an altitude from 1550 to 1800 m.
Phytoclimatic belt, litho-morphological conditions
and species assemblages clearly separate the Feszuce-
tum morisianae from the herein described commu-
nity. In particular, slight or absent slope in the latter
causes a remarkable water stagnation that allows the
presence of several plants linked to wet soils, such as
C. palustre, D. decumbens, H. lanatus, Funcus
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articulatus, Funcus conglomeratus, L. corniculatus
ssp. alpinus, O. lisae, Orchis laxiflora, and R. cordiger
ssp. cordiger. On the other side, chamaephytes are
absent from our surveys, but are abundant in the
Festucetum morisianae association. In fact, Festucetum
morisianae cannot be clearly ascribed to Molinio-
Arrhenatheretea class and it was included until now in
Carici-Genistetea lobelii ( = Carlinetea macrocephalae).
These ecological and floristic differences allow us to
consider the community studied here as a new
association and to describe it as Loto alpini-
Festucetum morisianae.

Ornithogalo corsici-Poetum bulbosae ass. nova hoc
loco (typus rel. no. 56, Table II).

Physiognomy: Low height (5—10 cm), dry, sheep
pasture.

Species composition: This community is com-
posed almost equally by hemicryptophytes such as PP
bulbosa, Ranunculus paludosus, and Leontodon tuber-
osus; therophytes such as Trifolium subterraneum,
Parentucellia latifolia, and Cerastium glomeratum; and
geophytes such as Crocus minimus, Ornithogalum
corsicum, and Romulea requienii. The chorological
analysis shows the equal contribution of endemic,
stenomediterranean, and eurimediterranean raxa;
European plants are not over 10% in frequency; the
wide distribution plants are nearly absent.

Ecology: it is a man-maintained pasture, the
characteristic species of which are selected by sheep
grazing. It is present on different substrata, but it
covers large areas on the volcanic plateaus ranging
from 340 to 1050 m, from the lower mesomediterra-
nean to the upper supratemperate (in the submedi-
terranean variant) phytoclimatic belts. The typical
subassociation romuleetosum lLgusticae subass. nova
hoc loco (rypus rel. no. 56, Table II) is found in the
Mediterranean phytoclimatic belts; the subassocia-
tion gageetosum corsicae subass. nova hoc loco (typus
rel. no. 61, Table II), differentiated by G. bohemica
ssp. corsica and Veronica verna ssp. brevistyla, is found
in the submediterranean phytoclimatic belt on dry
soils; the subass. morisietosum monanthae subass. nova
hoc loco (rypus rel. no. 71, Table II), differentiated by
M. monantha and Allium chamaemoly, grows in the
submediterranean phytoclimatic belt on wet soils.

Distribution: Exclusive of central-northern
Sardinia.

Syndynamics: They are secondary communities
originated as a consequence of grazing activity and
linked to several vegetation series, which are
dominated by: cork-oak (Violo dehnhardtii-Quercetum
suberis), holm-oak (Prasio majoris-Quercetum ilicis,
Galio scabri-Quercetum ilicis, and Saniculo europaeae-
Quercerum ilicis), and by deciduous oaks (Ornithogalo
pyrenaici-Quercetum ichnusae and Glechomo sardoae-
Quercetum congestae).
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Syntaxonomy: A community dominated by
P bulbosa and T subterraneum was described for
Sardinian sheep pastures as Poo bulbosae-Trifolietum
subterraner subass. rrifolietosum mnigrescentis (Ladero
et al., 1992), later upgraded at the association level as
Trifolio nigrescentis-Poetum bulbosae (Galan de Mera
etal., 2000). However, our analysis highlighted a clear-
cut separation between our surveys and those gathered
by Ladero et al. (1992) with a dissimilarity > 70%
(multivariate analysis, SIMPER test, Online Appendix
4). This dissimilarity is due to more nitrophilous
species, which are absent in our association, whereas
endemic zaxa are absent from that described by Ladero
et al. (1992). These findings suggest to describe a new
association named Ornithogalo corsici-Poetum bulbosae
ass. nova, with three subassociations, and led us to
consider the Trifolio nigrescentis-Poetum bulbosae as a
more nitrophilous community, transitional between
the Poetea bulbosae and the Stellarietea mediae classes.

Cynosuro polybracteati-Vulpietum ligusticae ass.
nova hoc loco (typus rel. no. 48, Table I1I).
Physiognomy: Average size ploughed pasture
(20—-30 cm), mainly constituted by therophytes.
Specific composition: I ligustica, Bromus hordea-
ceus, Trifolium nigrescens, and C. polybracteatus prevail.
This association is characterized by Mediterranean
species: stenomediterranean, eurimediterranean,
and Atlantic-Mediterranean taxa constitute roughly
80%. Endemic taxa are absent, whereas wide
distribution species are over 10% in frequency.
Ecology: Herbaceous annual community, grow-
ing on eutrophic soils ploughed at least once a year.
Ploughing allows the burying of sheep dung thus
increasing the organic matter in the soil. This
community can be found mainly on Oligo-Miocenic
trachytes. Four variants having different ecology can
be recognized: the typical variant grows from 550 to
1000 m; the Hordeum marinum ssp. gussoneanum
variant is the most thermophilous growing from 250
to 600 m.; the Silene laeta variant grows only on wet
soils, sometimes in the presence of short water
stagnation; the Aira cupaniana variant is a pioneer
community on stony or eroded soils.
Distribution: North-Western Sardinia.
Syndynamics: This association is mainly related
to the Violo dehnhardtii-Quercetum suberis vegetation
series and partially to the Ornithogalo pyrenaici-
Quercetum ichnusae series (Bacchetta et al. 2009).
Syntaxonomy: Land use and general ecological
features can be related to the coenoses of class
Stellarietea and Echio-Galactition alliance, but no
associations having floristic composition similar to
our surveys were found in literature data. We therefore
propose the new association Cynosuro polybracteati-
Vulpietum ligusticae ass. nova characterized by four
variants.
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Discussion and conclusions

The floristic, ecological, and chorological analyses
revealed that the investigated pastures can be
ascribed to three different communities: (i) perennial
mountainous meso-supratemperate cattle and sheep
pastures (Loto alpini-Festucetum wmorisianae); (ii)
mixed (annual and perennial) lower thermomediter-
ranean to lower supratemperate sheep pastures
(Ornithogalo corsici-Poetum bulbosae); and (iii) annual
ploughed subnitrophilous Mediterranean and Tem-
perate pastures (Cynosuro polybracteati-Vulpietum
ligusticae). Loto-Festucetum replaces Ornithogalo-Poe-
tum along an altitudinal increasing gradient, whereas
Cynosuro-Vulpierum 1is determined as the main
consequence of soil ploughing.

Lacking several central European species and
hosting numerous endemics, Temperate mountai-
nous pastures in the central islands were previously
classified, at higher level, in different endemic
syntaxa (e.g. Brullo & Grillo 1978; Pignatti Wikus
et al. 1980; Arrigoni 1986; Gamisans 1991). We do
not recognize that it is appropriate to classify
hemicriptophytic pastures into a chamaephyte
dominated class (Carici-Genistetea) or to join them
with the high mountainous pastures (e.g. Pignatti
Wikus et al. 1980; Gamisans 1991), but, despite a
distinct floristic impoverishment compared to the
continental Molinio-Arrhenatheretea communities, we
sustain that Sardinian Temperate mountainous
pastures (Loto-Festucerum) and the correspondent
Corsican communities should be referred to the
Molinio-Arrhenatheretea class, because all of them
share a similar floristic composition with the
presence and abundance of A. odoratum, C. cristatus,
L. corniculatus, and Trifolium repens. As they host
numerous endemic zaxa, we consider their inclusion
as appropriate in an endemic suballiance — Dantho-
nio decumbentis-Caricenion insularis suball. nova hoc
loco (typus Loto-Festucetum morisianae ass. nova hoc
loco) — differentiating in the Sardinian—Corsican
biogeographic province the pasture communities
referred to the Central European alliance Cynosurion
cristati. The new suballiance is differentiated by C.
caryophyllea ssp. insularis, Bellium bellidioides, D.
decumbens, Mentha insularis, and Luzula spicata
ssp. italica (see Online Appendix 5). This suballiance
is the appropriate upper syntaxon which comprises
also the Corsican communities described as Carici-
Potentilletum reprantis and Ophioglosso vulgati-Narde-
tum strictae (Gamisans 1976). A similar syntaxono-
mical framework, but at the alliance level, was used
for the Sicilian communities that were classified in an
endemic alliance (Plantaginion cupanit) and an
endemic order (Cirsietalia wvallis demonis) by Brullo
and Grillo (1978). The lacking of species belonging
to the Arrhenatheretalia order, the scarcity of

ingressive ones from the Festuco-Brometea class, and
the presence of an abundant endemic component are
common features of both Sicilian and Sardinian—
Corsican pastures with respect to the continental
communities of the Cynosurion cristari alliance (for a
detailed comparison between European and Italian
Cynosurion cristari communities, see Blasi et al.
(2009, 2012a)). In this paper, as the knowledge
about the pastures of Danthonio decumbentis-Carice-
nion msularis in Sardinia and Corsica is still scarce,
we prefer to not define a new order within the
Molinio-Arrhenatheretea class replacing the Sicilian
and the Continental ones, but to place provisionally
this newly described suballiance into the Cynosurion
cristari alliance, highlighting the need for more data
from unsurveyed areas of Sardinia and Corsica.

With regard to the Mediterranean ovine pastures,
they are placed at the eastern range of the Poetea
bulbosae class and Periballio-Trifolion subterraner alli-
ance (Galan de Mera et al., 2000), testified by a quite
different floristic composition. In fact, between the
characteristic species of Periballio-Trifolion subterranet
(Rivas-Martinez et al., 2002) only Trifolium glomer-
atum and T. subterraneum are present in Sardinia,
whereas Astragalus cymbaecarpos, Trifolium gemellum,
and Ranunculus pseudomillefoliarus are found exclu-
sively in the Iberian Peninsula. In addition, the
Sardinian communities present endemic flora that
justify the institution of a new suballiance named
Ornithogalo corsici-Trifolienion subterranei (typus
Ornithogalo corsici-Poetum bulbosae). Characteristic
species C. minimus, G. bohemica ssp. corsica, M.
monantha, O. corsicum, R. requienii, and V. verna
ssp. brevistyla can be considered. As a consequence,
the typicum suballiance Periballio-Trifolienion subterra-
nei (holotypus Poo bulbosae-Trifolietum subterranet) is
hoc loco instituted and differentiated by A.cymbaecar-
pos, T. gemellum, and R. pseudomillefoliatus. A synoptic
table of Ornithogalo-Poetum bulbosae and Trifolio
nigrescentis-Poetum bulbosae is shown in the Online
Appendix 6.

Lastly, the annual semi-nitrophilous pastures of
Cynosuro-Vulpietum could be referred to as the
Stellarietea mediae class, order Thero-Brometalia, and
alliance Echio plantaginei-Galactition tomentosae, an
alliance that includes the western thermo-mesome-
diterranean humid—subhumid communities growing
on soils rich in organic matter. As a comparison, we
compiled a synoptic table with the analogous commu-
nities from Central Italy (Online Appendix 7) reported
in Blasi et al. (2012b).

The higher incidence of endemic zaxa in each one
of the subassociations referred to Molinio-Arrhenather-
etea and Poetea bulbosae confirms the conservation
value of these semi-natural habitats linked to the
traditional livestock grazing and peculiarly placed at
the Southern phytogeographic border of the Molinio-
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Arrhenatheretea class and at the eastern of the Poerea
bulbosae. Even if no significant differences in total
species richness were found, the ploughed and
unploughed communities are clearly differentiated in
terms of structure, chorology, composition, and
conservation value showing a conspicuous decrease
in the endemic component linked to changes in
management practices (e.g. soil tillage and fertiliza-
tion).

Cynosurion cristati communities are not a habitat
of European concern sensu 43/92/EEC Directive as
they are a broadly ranged and hosting prevalently
species with a wide distribution. On the other hand,
in the Sardinian—Corsican Province they are priority
for conservation purposes, due to the high number of
rare endemic plants and the relic significance of
several boreal—temperate species confined to humid
places in Mediterranean mountain ranges: among
the others, the high frequency in the Loro alpini-
Festucerum morisianae of C. palustre is noteworthy,
because this is considered one of the most threatened
Sardinian vascular plants (Bacchetta et al. 2012). On
the contrary, the conservation value of the Medi-
terranean ovine pastures has been recognized at EU
level within the priority habitat 6220, including the
communities belonging to Thero-Brachypodietea s.1.,
Lygeo-Stipetea, and Poetea bulbosae (European Com-
mission 2007). Despite this, a broad structural,
compositional and functional heterogeneity, as for
different conservation values, can be found in the
coenoses belonging to the habitat 6220, therefore
preventing from outlining common management
strategies (Farris et al. 2007a). Coherently with the
floristic compositions, the investigated Stellarietea
mediae pastures have a low conservation value and
cannot be referred to as an EU Habitat.

This study not only confirms the crucial role of
man-induced grazing in shaping the population
structure and recruitment (Farris & Filigheddu
2008; Farris et al. 2009, 2012) and the demography
(Pisanu et al. 2012) of Mediterranean plants, but
also underlines the pivotal role of the traditional
shepherding in positively affecting the species
richness and diversity within and among pastural
communities at the landscape level (Farris et al.
2007a, 2010).

We argue that the presented approach is cost-
effective and could be applied to different semi-
natural habitats in the Mediterranean and European
context to identify the coenoses conservation value.
The phyto(socio)-ecological and phytogeographical
characterization of communities can help to give
examples of target habitats in terms of composition
and structure in restoration ecology actions and
monitoring and to address conservation efforts.
Vegetation classification is a useful tool for basic
and applied research as well for environmental
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management (De Caceres & Wiser 2012): analyzing
and characterizing plant communities are crucial
before taking actions in habitat conservation in order
not to sow the tares with the wheat!

Syntaxonomic scheme (other syntaxonomic units
quoted in the text are reported in the Online
Appendix 8)

Stellarietea mediae Tixen, Lohmeyer & Preising ex
von Rochow, 1951

Thero-Brometalia (Rivas Goday & Rivas-Martinez
ex Esteve, 1973) O. Bolos, 1975

Echio plantaginei-Galactition tomentosae O. Bolos
& Molinier, 1969

Cynosuro polybracteati-Vulpietum lLigusticae ass.
nova hoc loco

Poetea bulbosae Rivas Goday & Rivas-Martinez in
Rivas-Martinez, 1978

Poetalia bulbosae Rivas Goday & Rivas-Martinez
in Rivas Goday & Ladero, 1970

Periballio-Trifolion subterranetr Rivas Goday 1964
nom. inv. propos. Rivas-Martinez et al., 2002

Ornithogalo corsici-Trifolienion subterraner suball.
nova hoc loco

Ornithogalo corsici-Poetum bulbosae ass. nova hoc
loco

romuleetosum ligusticae subass. nova hoc loco
gageetosum corsicae subass. nova hoc loco
morisietosum monanthae subass. nova hoc loco
Molinio-Arrhenatheretea Tuxen, 1937

? Arrhenatheretalia Tiixen, 1931

Cynosurion cristati Tx., 1947

Danthonio decumbentis-Caricenion insularis suball.
nova hoc loco

Carici-Potentilletum reptantis Gamisans, 1976
Loto alpini-Festucetum morisianae ass. nova hoc loco

Ophioglosso vulgati-Nardetum strictae Gamisans,
1976
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Appendix A: Date and locality of the surveys

Table I. 1 — 23 May 2003-Mandra Pudatta (Bolotana-NU);
2/3/4/5/6/7 — 03 August 2003-Mandra Pudatta (Bolotana-
NU); 8/9/10 — 05 June 2003-Orrosile (Bultei-SS); 11/12 —
05 June 2003-Fontana Arile, Foresta Anela (Anela-SS); 13 —
11 June 2001-Fontana Arile, Foresta Anela (Anela-SS); 14 —
05 June 2003-S’Ena de Lottori (Bultei-SS); 15 — 05 June
2001-Solorche (Pattada-SS); 16 — 04 July 2003-dopo Nostra
Signora de S’Altura (Bultei-SS).

Table II. 52/53 — 28 April 2003-Coa ‘e Mandras
(Bolotana-NU); 54/55 — 28 Apr 2003-Santa Maria de
Sauccu (Bortigali-NU); 56/57 — 09 Apr 2003-Strada
per Frida (Illorai-SS); 58/59 — 09 Apr 2003-Incrocio
Ittireddu-Mores-Foresta Burgos (Bono-SS);
60/61/62/63/64/65/66/67/68 — 18 Mar 2003-Sotto Punta
Masiennera, Foresta Anela (Anela-SS); 69 — 28 Apr 2003-
Badde Salighes (Bolotana-NU); 70 — 18 Mar 2003-Ortakis
(Bolotana-NU); 71/72/73/74/75 — 27 Apr 2003-Mandra
Pudatta (Bolotana-NU); 76 — 02 Mar 2004-Pottu Codinu
(Villanova Monteleone-SS).

Table III: 17/18/19 — 15 May 2002-Ponte Caitta
(Villanova Monteleone-SS); 20 — 15 May 2002-Nuraghe
Appiu (Villanova Monteleone-SS); 21/22/23 — 20 May
2002-Monte Fulcadu (Villanova Monteleone-SS); 24 — 17
May 2002-Sa Falada de sos Turcos (Villanova Monte-
leone-SS); 25/27/35 — 15 May 2002-Su Bullone (Alghero-
SS); 26 — 20 May 2002-Sa Pittada (Bosa-OR); 28/32 — 16
May 2003-Planu Chelvori (Bonorva-SS); 29 — 16 May
2003-Punta Pellegrina (Bono-SS); 30/31 — 16 May 2003-
Scaladeroccu (Mores-SS); 33 — 5 May 2002-Su Bullone
(Villanova Monteleone-SS); 34 — 15 May 2002-Su
Bullone (Alghero-SS); 36 — 17 May 2002-Su Bullone
(Villanova Monteleone-SS); 37 — 15 May 2002-Confine
comunale tra Montresta (OR) e Villanova Monteleone
(SS); 38 — 02 May 2003-Strada Foresta Burgos-Ittireddu
(Bono-SS); 39 — 02 May 2003-Riu Badde Pedrosu (Bono-
SS); 40 — 02 May 2003-Abbialzu (Bono-SS); 41 — 29 April
2003-Rio Sos Chircos (Illorai-SS); 42 — 28 April 2003-
Abba Lughia (Bolotana-NU); 43 — 28 April 2003-Bivio
per Badde Salighes (Bolotana-NU); 44/45/46 — 28 April
2003-Badde Salighes (Bolotana-NU); 47 — 19 May 2003-
Badde Idda (Illorai-SS); 48/49 — 02 May 2003-Bivio
Ittireddu-Nughedu-Bono (Bono-SS); 50/51 — 16 May
2003-Badde Salighes (Bolotana-NU).

Appendix B: Sporadic species

Table I. Rel. 1 O. corsicum Jord. et Fourr. (1); Rel. 10
Centaurium maritimum (L.) Fritsch (+); Rel. 13 Geranium
lucidum L. (1), Poa bulbosa L. (+), Rubus ulmifolius Schott
(+); Rel. 14 Bellis annua L. (2), Allium roseum L. (+); Rel.
9 Rumex acerosella L. (+), Trifolium stricrum L. (+),
Dacrylorhiza insularis (Sommier) Landwehr (+), Colchicum
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alpinum Lam. et DC. subsp. parvulum (Ten.) Arcang. (+);
Rel. 10 Saxifraga bulbifera L. (4).

Table II. Rel. 52 Vulpia sicula (Presl) Link (1); Rel. 55
Plantago lanceolata L. (+); Rel. 76 Galacrites elegans (All.)
Soldano (+).

Table III. Rel. 42 Orchis papilionacea L. (r); Rel. 44 O.
corsicum Jord. et Fourr. (+); Rel. 46 Ophrys tenthredinifera

Willd. (+); Rel. 50 L. tuberosus L. (r); Rel. 47 Stachys
arvensis (..) L. (r); Rel. 48 Lathyrus cicera L. (+); Rel. 17
Oenanthe crocata L. (r), Vicia villosa Roth (+), Vulpia sicula
(Presl) Link (+); Rel. 18 Linaria pelisseriana (L.) Miller
(+), Daucus carota L. (r); Rel. 40 Gaudinia fragilis (L..)
Beauv. (4), Erophila verna (L.) Chevall. (4), Chamaeme-
lum fuscatum (Brot.) Vasc. (+).



