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Abstract
Sand dune perennial grasslands are valuable coastal habitats, considered among those with major conservation concerns. The priority EU habitat 
2130* has an almost continuous distribution area along the coasts of Northern Europe and the Black Sea. In the Mediterranean basin it is found only 
along the North Adriatic coast, isolated from the rest of the distribution area, thereby representing a unique aspect of the habitat variability. The first 
aim of this study was to evaluate the conservation status of the EU habitat 2130* by using the concept of ‘diagnostic species pool’ and a ‘reference 
state’ approach by comparing extant plant community attributes to the expected condition in the absence of major environmental and anthropogenic 
disturbances. The second aim was to investigate the effects of natural and anthropogenic factors on EU habitat 2130* conservation status. Our study 
allowed to evidence an overall bad conservation status of the habitat, with a generalized decrease in the average species richness and modifications 
of the habitat structure. The concepts of ‘diagnostic species pool’ and ‘reference state’ turned out as the most straightforward tools to assess the 
conservation status. While geomorphological features, in particular dune width, and human disturbance revealed significant correlation with the 
conservation status, sedimentological data were not useful to detect community’s quality changes. To preserve the EU 2130* priority habitat, repre-
senting a peculiar element of the North Adriatic coast, the entire dune system integrity should be pursued, avoiding direct foredune destruction and 
other actions preventing dune development. In addition to this, the access to the dune system should be managed in order to protect the sensitive 
dune vegetation from trampling impacts.
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Introduction

Coastal dunes belong to one of the most vulnerable 
and threatened ecosystems in Europe (Bakker et al., 
2016; Janssen et al., 2016). They are valuable environ-
ments, which host many rare plant and animal species, 
often restricted to coastal habitats (van der Maarel, 
2003; Acosta et al., 2009). Currently, they are suffer-
ing a consistent loss of biodiversity, as well as a de-
cline in their extent (Janssen et al., 2016). Due to their 
degradation and disappearing, coastal environments 
are of great conservation concern (EEA, 2008; Keith 
et al., 2013; Janssen et al., 2016).

Among coastal habitats, perennial dune grasslands 
are the most threatened (Janssen et al., 2016). Major 
threats are represented by both human impact and 
natural hazards (Ciccarelli, 2014; Malavasi et al., 
2014). The disproportionate touristic exploitation has 
destroyed large areas that were formerly rich in plants, 
causing a loss of dune systems of about 80% in the 
Mediterranean (EEA, 1999). Human trampling, in par-
ticular, is considered as an important damaging factor 
for dune grasslands (Kerbiriou et al., 2008; Santoro et 
al., 2012; Farris et al., 2013), leading to the fragmen-
tation of plant communities, through the formation of 
several paths, and increasing the percentage of bare 
soil areas. Non-vegetated areas can be colonized by 
opportunistic and alien species, whose interaction with 

native species can further alter plant communities (Del 
Vecchio et al., 2015; Del Vecchio et al., 2016). Hu-
man trampling also affects pedogenetic processes, by 
varying the accumulation and erosion dynamics of the 
sand and the amount of the deposited organic matter 
(Bini, 2002). Natural hazards such as coastal erosion, 
and changes in the wind intensity and direction, can 
as well influence the sand transport and accumulation, 
and alter some geomorphologic parameters of the dune 
system, such as the height and the width of the fore-
dune (Bakker et al., 2016). The modification of the 
dune morphology impairs important functions provid-
ed by healthy dune systems, such as the protection of 
inlands habitats from the limiting abiotic factors, like 
intense salty wind and sand burial (Buffa et al., 2007; 
Fenu et al., 2013, Del Vecchio 2013a). By establishing 
on the semi-fixed dunes, in a sheltered position, dune 
grasslands are expected to be particularly dependent 
on healthy dune systems and the protection service 
they provide (Doing, 1985; Houston, 2008).

According to Annex I of the Habitat Directive (92/43/
EEC), coastal dune grasslands are split into two main 
categories on the basis of their distribution area: “Sea 
dunes of the Atlantic, North Sea and Baltic coasts” 
(distinguished by the code 21) and “Sea dunes of the 
Mediterranean coast” (code 22). 

Despite being included in the Mediterranean region, 
the North Adriatic coastal stretch has long been de-
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scribed as peculiar. The landscape is characterised by 
a remarkable phytocoenotic originality, evidenced in 
past and recent studies (Béguinot, 1913, 1941; Mar-
cello, 1960; Buffa et al., 2007; Sburlino et al., 2008; 
Sburlino et al., 2013), that is the result of the inter-
play of physical and biogeographical factors. From the 
bioclimatic point of view, the N-Adriatic seacoast can 
be included in the Eurosiberian region, Appennine-
Balcanic province and Po-Valley subprovince, thereby 
representing the only coastal sector of the Mediter-
ranean basin to be included in the temperate region 
(Sburlino et al., 2013). Moreover, the area has been 
interested by an extensive migration of species dur-
ing the III and the 1st millennium BC, which enriched 
the regional species pool in Mediterranean, alpine and 
eastern species (Lorenzoni, 1983; Buffa et al., 2007). 
At levels higher than that of species, the region also 
hosts plant communities that cannot be found else-
where (Buffa et al., 2007; Gamper et al., 2008). With-
in coastal grasslands, the area hosts an endemic plant 
community, the Tortulo-Scabiosetum Pignatti 1952, 
which pertains to the EU habitat 2130* “Fixed coastal 
dunes with herbaceous vegetation - grey dunes” (Habi-
tat Directive 92/43/CEE), a priority habitat of coastal 
systems (Buffa et al., 2005; Buffa et al., 2007; Biondi 
et al., 2009; Sburlino et al., 2013). The habitat is al-
most continuous along the coasts of Northern Europe, 
from the Baltic Sea to the Atlantic coasts of Portugal 
(Houston, 2008), and along the coasts of the Black Sea 
(Tzonev et al., 2005; Agir et al., 2014), while in the 
Mediterranean basin it is present only along the coasts 
of the North Adriatic Sea (Géhu et al., 1984; Biondi 
1999; Buffa et al., 2005; Buffa et al., 2007; Sburlino 
et al., 2013). Being isolated from the rest of the distri-
bution area of the habitat, the North Adriatic commu-
nity represents a unique aspect of the variability of the 
habitat EU 2130* across its distribution area, raising 
conservation concerns.

Indeed, preserving the variability may contribute to 
allow resilience to changing climate and environmen-
tal conditions and counteract the effects of biodiversity 
loss (Smith et al., 2001; Gigante et al., 2016a; Janssen 
et al., 2016). Focusing on the conservation of areas 
which represent peculiar and unique aspects of habi-
tats and species characterized by a wider distribution, 
has been suggested as a valid contribution to the pres-
ervation of the variability (Gargano et al., 2007; Del 
Vecchio et al., 2012). In this context, the conservation 
of the only Mediterranean site of the EU habitat 2130* 
may represent an important contribution for the con-
servation of this valuable habitat as a whole.

Understanding the main factors which guarantee 
a good conservation status represents a mandatory 
step in conservation planning (Buffa & Del Vecchio, 
2016; Fantinato et al., 2016; Gigante et al., 2016b). 
Many methods for the assessment of the conservation 
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status of coastal habitats have been proposed (Cicca-
relli, 2014). Several studies provided evidence that the 
analysis of such plant community attributes as spe-
cies composition and vegetation structure (e.g. plant 
life cycle, life forms, species cover and richness) are 
effective descriptors of the plant community quality 
(Isermann, 2008; Poldini et al., 2011; Buffa & Villani, 
2012; Keith et al., 2013; Del Vecchio et al., 2015; Del 
Vecchio et al., 2016; Gigante et al., 2016a; Slaviero et 
al., 2016). 

Given the conservation concerns arisen around coast-
al grasslands, and given the peculiarity of the Northern 
Adriatic coast, the first aim of this study was to evalu-
ate the conservation status of the EU habitat 2130* by 
using the concept of ‘diagnostic species pool’ and a 
‘reference state’ approach by comparing extant plant 
community attributes to the expected condition in the 
absence of major environmental and anthropogenic 
disturbances. The second aim was to investigate the 
effects of natural and anthropogenic factors on conser-
vation status. Since coastal habitats are highly sensi-
tive to human as well as environmental stressors (e.g. 
soil humidity, grain size, organic matter content, pH) 
which affect their structure and functioning (Provoost 
et al., 2004; Carboni et al., 2010; Prisco et al., 2016; 
Riksen et al., 2016), we integrated plant community 
attributes with sedimentological data, geomorphologi-
cal features, and human disturbance, measured as the 
intensity of trampling.

Methods

Study area
The study area corresponds to the Venetian portion of 

the North Adriatic coast (north-eastern Italy), and fo-
cused on five sites, which host the most representative 
dune systems of the area: Laguna del Mort, Penisola 
del Cavallino, Ca’ Roman, Isola Verde, Porto Caleri 
(Buffa et al., 2012).

Sites consist of narrow, recent dunes (Holocene), bor-
dered by river mouths and tidal inlets (Del Vecchio et 
al., 2015); sediments are sandy carbonate deposits that 
come from rivers that flow into the Adriatic Sea, de-
termining a variability of sediment composition from 
North to South: the northern area is made of dolomitic 
sediments that come from Piave and Tagliamento riv-
ers, while the southern area is made of siliciclastic 
sediments from Brenta, Adige and Po rivers (Zunica, 
1971; Audisio & Muscio, 2002).

The climate of the study area is a connotative factor, 
since the North Adriatic coast is the only coastal zone 
in the Mediterranean basin that doesn’t belong to the 
Mediterranean climatic region (Rivas-Martìnez & Pe-
nas, 1999; Rivas-Martínez et al., 2004), but it presents 
an oceanic temperate bioclimate (Buffa et al., 2007). 

This climate derives from the combination of dif-
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ferent factors, which act at multiple scales. At glob-
al-scale, the area is influenced by the Atlantic Ocean 
airstream from the west, and by the Mediterranean 
subtropical anticyclone from the south (Barbi et al., 
2012). At regional scale, the presence of the Adriatic 
Sea mitigates the temperature, maintains high levels 
of moisture and gives origin to marine winds (breeze; 
Barbi et al., 2012). As a result, rainfalls are rather uni-
form during the year with a total annual amount be-
tween 800 and 1,000 mm, and the area lacks the sum-
mer drought, typical of the Mediterranean climate. The 
mean annual temperature is about 13°/14° C (Buffa et 
al., 2007; Barbi et al., 2012).

Soils of semi-fixed dunes are classified as Typic 
Haploxerept and Arenic Eutrudept (Inceptisols) (Bini, 
2002; Bini et al., 2002a; Bini et al., 2002b). Inceptisols 
gradually develop from Entisols, at increasing distance 
from the sea. They are more stable, deeper, with lower 
values of salinity and higher values of organic matter 
and moisture compared with the embryo and mobile 
dune soil (Bini, 2002; Acosta & Ercole, 2015).

The semi-fixed dune system of the study area is oc-
cupied by the EU habitats 2230 (Malcolmietalia dune 
grasslands) and 2130* (Buffa et al., 2005; Del Vec-
chio et al., 2015; Del Vecchio et al., 2016), which have 
different structure and species composition. The first 
one, which in the study area corresponds to the Sileno 
conicae-Avellinietum michelii Sburlino et al. 2013, 
is mainly made of herbaceous annual species, which 
define a very dynamic community. The cryptogamic 
cover is reduced or absent (Biondi et al., 2009; Sburli-
no et al., 2013; Acosta & Ercole, 2015). The com-
munity develops as a result of the destructuration of 
Tortulo-Scabiosetum caused by wind erosion or, more 
frequently, by trampling (Sburlino et al., 2013). On the 
contrary, the latter is a perennial dry short-grassland 
whose structure is mainly determined by a high per-
centage cover of herbaceous perennial species and 
dwarf shrubs, and a thick carpet of bryochamaephytes 
(Syntrichia ruralis var. ruraliformis p. max p.) and, 
sometimes, of lichens.

Field sampling and data collection
A total of 34 plots of standard size (2x2 m2) were 

selected using a stratified random sampling design 
within the semi-fixed dune sector of the studied area. 
We used the habitat map of the Veneto region (avail-
able at www.regione.veneto.it) to identify the patches 
of the EU habitat 2130* in the field. For each plot, we 
georeferenced the position and recorded all the vascu-
lar plants together with their percentage cover using 
the Braun–Blanquet’s scale (Braun-Blanquet, 1932; 
Dengler et al., 2008). Furthermore, we recorded total 
vegetation cover (%), the cover of the moss layer (%) 
and the relative distance from the sea (calculated as 
percentage of the total width of the dune system from 

the coastline, in m). Geomorphological data, such as 
the height and the width of the active dune in corre-
spondence of each plot, were measured as well. 

For each plot, we collected a soil sample, at 30-40 cm 
depth. Soil pH and moisture were measured accord-
ing to the “Official methods of soil chemical analysis” 
(D.M. of 13/09/1999 of the Agricultural, Alimentary 
and Forestry politics’ ministry). Moisture content was 
measured by the Gravimetric method (Method II.2 of 
the protocol). Organic matter content was measured 
by the “Loss On Ignition” (LOI) procedure (Schulte e 
Hopkins, 1996). Soil samples were dried at 105° C for 
12 hours, afterward 5 g of soil were incubated at 375° 
C for 16 hours (in porcelain crucibles, previously steri-
lised at 950° C for 2 hour) and the temperature was 
reached gradually, through intermediate steps. After 
the combustion, the crucibles with soil were weighted 
again. Granulometric characteristics were measured 
by sieving; samples of 50 g of dried sediments were 
sieved in a nested column of six sieves with decreas-
ing openings: 1 mm, 500 μm, 300 μm, 150 μm, 106 
μm, 63 μm (ASTM category), and the pan collected 
grains smaller than 63 μm, which corresponded to the 
last sieving class (silt and clay). Complete sieving was 
obtained by using a mechanical sieve shaker for 15 
minutes. Afterwards, the content of each sieve and pan 
was weighted, and the percentage weight on the ini-
tial total weight was calculated. Granulometric curves 
were analyzed by the software GRADISTAT 8.0, and 
the average size of the particles and the sorting were 
determined by the method of moments (Krumbein, 
1938; Friedman et al., 1982).

As a proxy for human disturbance, for each plot we 
measured the trampling intensity as the total lengh of 
tracks within a buffer centred to each plot. The georef-
erenced plots were overlaid to the most recent avail-
able aerial photographs (year 2015) in GIS environ-
ment (QGIS 2.6). Visible tracks were marked through 
photo-interpretation, and their quantity in meters was 
calculated in a circular buffer of 20 m diameter. Ac-
cording to the features of the study area and to photo-
interpretation, the buffer size of 20 m diameter was the 
most adequate to measure the trampling intensity since 
trampling was underestimated in smaller size buffers, 
while bigger size included areas that were not related 
to human trampling around the plot, such as settle-
ments, roads, or the sea.

Data analyses 
We built the ‘reference state’ (Tab. 1) starting from 

the phytosociological table of the Tortulo-Scabiosetum 
community provided in Sburlino et al. (2013), which 
represents the ‘community type’ of the habitat in Italy. 
The ‘reference state’ included the ‘diagnostic species 
pool’ (i.e., characteristic and differential species of Tor-
tulo-Scabiosetum, Syntrichio ruraliformis-Lomelosion 
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Fig. 1 - Cluster dendrogram of the matrix of 34 relevés x 60 species.  

argenteae Biondi, Sburlino & Theurillat in Sburlino, 
Buffa, Filesi, Gamper & Ghirelli 2013, Artemisio-
Koelerietalia albescentis Sissingh 1974 and Koelerio-
Corynephoretea Klika in Klika & Novák 1941, and 
the differential species of Tortulo-Scabiosetum fuma-
netosum Pignatti 1952), and the main structural char-
acteristics (e.g. total vegetation cover, cryptogamic 
cover, species richness, etc.). Diagnostic species were 
also grouped in three main categories on the basis of 
their life cycle: a) Annual species (Therophytes), with 
a short life cycle, well adapted to disturbed sites. They 
complete their life cycle within one year (often in few 
months), and normally die after seed production; b) 
Herbaceous perennial species (Hemicryptophytes and 
Geophytes), plants whose aerial shoots can either die 
periodically or not, but the plant survives thanks to 
persistent belowground shoots or storage organs; c) 
Dwarf shrubs (Chamaephytes), perennial plants with 
woody stems, up to 0.5 m tall (Cornelissen et al., 2003; 
Perez-Harguindeguy et al., 2013). To figured out the 
mean cover of the three categories, phytosociologi-
cal codes were transformed according to Hennekens 
& Schaminée (2001). The ratio among the percentage 
cover of herbaceous annual species, herbaceous peren-
nials and dwarf shrubs was used as an indicator of eco-
logical processes, and its variation as an indicator of 
habitat transformation (Del Vecchio et al., 2013b; Del 
Vecchio et al., 2015; Del Vecchio et al., 2016). Species 
nomenclature follows Conti et al. (2005; 2007).

The matrix of 34 relevés x 60 species was analyzed 
by cluster analysis (PC-ORD 5.1 software). For each 
group of relevés emerged by the clustering, we cal-
culated the mean values of: (i) species richness; (ii) 
vascular species cover (%); (iii) moss cover (%); (iv) 
the percentage cover of herbaceous annual species, 
herbaceous perennial species, and dwarf shrubs; (vi) 
Evenness index J (as H’/lnS, where H’ is the Shan-
non diversity index and S the number of species); (vii) 
relative distance from the sea; (viii) soil pH, moisture, 
organic matter content, size and sorting of sand grains; 

(ix) foredune height and width; (x) trampling intensity. 
These parameters were compared among the groups 
through a PERMANOVA test (Permutational Mul-
tivariate Analysis of Variance; 9999 randomizations; 
Past Software), using the group of the cluster analy-
sis as independent variable. Significant differences 
were tested by “LSD” post hoc test. Furthermore, the 
parameters of each group were compared with those 
of the reference state through Mann-Whitney U test 
(9999 randomizations; Past Software), except for the 
sedimentological and geomorphological data, and hu-
man trampling, which were not available for the refer-
ence state.

Results

The cluster analysis (Fig. 1) highlighted three main 
groups of relevés. All the relevés shared some com-
mon characters (Tab. 1) such as the presence of a dense 
carpet of bryochamaephytes, and the presence of di-
agnostic species like Fumana procumbens, Lomelosia 
argentea, Carex liparocarpos, Centaurea tommasinii, 
Phleum arenarium, and Cerastium semidecandrum.

However, the comparison with the reference state 
(Tab. 1) evidenced significant differences in many 
structural features of the three groups. In particular, 
extant vegetation had lower percent cover of vascular 
species, lower species richness and higher cover of an-
nual species. 

PERMANOVA test evidenced significant differ-
ences among the three groups (F=6.144; p=0.0001). 
Overall, neither the total percentage cover of vascular 
species, nor the mean species richness per plot signifi-
cantly changed among the three groups. However, the 
comparison of the cover of the three main groups of 
species based on life cycle and the comparison with 
the diagnostic species pool allowed to evidence some 
notable differences.

Group 1 showed the highest, although changeable, 
percentage cover of herbaceous annual species (56.55 
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± 43.47), which was more than 9 times higher com-
pared to that of the reference state. The increase in an-
nual species cover was mostly due to the increase in 
cover of species of the diagnostic species pool such as 
Cerastium semidecandrum, Phleum arenarium, Silene 
conica and Medicago minima, as well as of other spe-
cies like Vulpia fasciculata, Silene canescens or Cata-
podium rigidum. Although remaining higher than in 
the reference state, annual species cover decreased by 
half in the relevés of group 2, which were dominated 
by herbaceous perennial species such as Lomelosia ar-
gentea, Hypochoeris radicata, Silene vulgaris ssp. an-
gustifolia, Centaurea tommasinii, Carex liparocarpos, 
Cyperus capitatus and Petrorhagia saxifraga. Finally, 
relevés of group 3 evidenced the highest percentage 
cover of dwarf shrubs (70.21 ± 26.75), which was two 
times higher than in the reference state. The increase 
in the dwarf shrubs cover was due to Fumana procum-
bens, which on average doubled its cover. Evenness 
index value was the lowest among the three groups 
and resulted not significantly different from that of the 
reference state. 

The three groups also differed for some sedimen-
tological and geomorphological characteristics. The 
most significant variables resulted to be the relative 
distance from the sea (increasing from group 1 to group 
3), and dune width. The organic matter content and pH, 
although significantly different among groups, did not 
evidence a linear trend of variation. Trampling inten-
sity significantly decreased from group 1 to group 3.

Discussion

Our study allowed to evidence an overall bad con-
servation status of the habitat. In particular, the com-
parison with the reference state drew the attention to 
a generalized decrease in the average species richness 
as well as to a certain degree of modification of the 
habitat structure. 

The study allowed to distinguish three different as-
pects which can be interpreted as different degrees of 
conservation. Both the analysis of species composi-
tion and structure, evaluated as the ratio among her-
baceous annual species, herbaceous perennials and 
dwarf shrubs turned out as the most straightforward 
tools to assess the conservation status of the habitat 
2130*. Although each group evidenced differences in 
at least some of the variables when compared with the 
reference state, group 3 better corresponded to the ref-
erence state and to EU 2130* habitat type. Relevés of 
this group were mostly composed of diagnostic spe-
cies and the structure was characterized by the domi-
nance of dwarf shrubs such as Fumana procumbens, 
Teucrium polium, Helianthemum nummularium ssp. 
obscurum, and herbaceous perennial species. The rel-
evés of this group could be easily referred to the Tortu-

lo-Scabiosetum fumanetosum included in the Artemi-
sio-Koeleretalia albescentis order and in the endemic 
alliance Syntrichio ruraliformis-Lomelosion argentae 
(Sburlino et al., 2013; Biondi et al., 2014). The an-
nual component was negligible compared to that of the 
other groups, although significantly higher than that of 
the reference state. The coherence in terms of species 
composition and structure decreased from Group 3 
to Group 1, which was dominated by annual species. 
Nevertheless, the presence of perennial species such as 
Carex liparocarpos, Poa bulbosa, Sanguisorba minor 
ssp. muricata testifies the relationship with the Tortu-
lo-Scabiosetum and allows to make reference to the 
Sileno conicae-Avellinietum michelii (Malcomietalia 
Rivas Goday 1958 order, alliance Laguro ovati-Vul-
pion membranaceae Géhu & Biondi 1994), described 
as a degraded aspect of the Tortulo-Scabiosetum due 
to wind erosion or trampling and corresponding to the 
habitat 2230 (Biondi et al., 2009; Sburlino et al., 2013; 
Biondi et al., 2014). Relevés of group 2, dominated by 
herbaceous perennial species and an intermediate cov-
er of annuals and dwarf shrubs represent the typical 
subassociation of the Tortulo-Scabiosetum (Sburlino 
et al., 2013).

Changes in structure were also evidenced by the 
Evenness index. Several studies provided evidence 
that the variation in the balance of species distribution 
(Evenness Index) reflects a modification of the habitat, 
and can indicate an alteration (Isermann, 2008, 2011; 
Del Vecchio et al., 2015; Agir et al., 2016; Del Vecchio 
et al., 2016). In line with these findings, according to 
our results a higher species equitability is associated to 
the degradation of the habitat. In particular, increasing 
equitability is coupled with the disappearing of dwarf 
shrubs. 

The need to use both the analysis of the structure and 
of species identity (diagnostic species pool) for the as-
sessment of the conservation status was particularly 
evident when dealing with annual species. A high per-
centage cover of annual species is often an indicator of 
habitat deterioration, since annual species do not form 
steady communities over time and are more adapted 
to dynamic and disturbed contexts (Buffa et al., 2007; 
Del Vecchio et al., 2013b; Del Vecchio et al., 2015). 
On the other hand, annual species are part of the diag-
nostic species pool of the reference state (Sburlino et 
al., 2013). However, the analysis of the species identi-
ty revealed that many annuals mostly found in the first 
two groups (e.g. Vulpia membranacea, Catapodium 
rigidum, Lagurus ovatus, Silene colorata, etc.) clearly 
indicate a process of transformation toward the Sileno 
conicae-Avellinietum michelii (Biondi et al., 2009; 
2014; Sburlino et al., 2013; Acosta & Ercole, 2015). 

Although useful in the comparison with the reference 
state, other plant community attributes, such as spe-
cies richness, and total percentage cover of both the 
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Tab. 1 - Species list and variables analyzed in each group and in the Reference State (mean ± sd). Diagnostic species pool and plant 
community attributes for the Reference State were based on Sburlino et al. (2013). Variables which were significantly different to 
LSD test and to Mann-Whitney U test are highlighted in bold. Within the category “other species”, those with a percentage cover 
lower than 0.5 % in the three groups are not shown. DS= Dwarf shrub; HA= Herbaceous annual; HP= Herbaceous perennial.
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vascular species and the moss layer did not evidence 
any difference across groups. Species loss under in-
creasing land-use intensity has already been reported 
for different species groups (Verhulst et al., 2004; 
Hoffmann & Zeller, 2005; Kleijn et al., 2009; Msuha 
et al., 2012), and the trend was confirmed by our study. 
However, species richness did not substantially change 
across groups with increasing bad conservation status, 
evidencing its scarce usefulness in detecting more sub-
tle community’s quality changes. Moreover, by disre-
garding the identity of species, species richness fails 
in evidencing species turnover and changes in species 
composition or abundance. Our results demonstrated 
that even when richness or total cover are not signifi-
cantly different, some replacement of species can take 
place, leading to significant changes in the community. 

Our study thus confirms the central importance of 
the definition for each habitat type of the ‘diagnostic 
species pool’, together with information on total veg-
etation cover, the structural layers cover, the presence/
cover of dominant/typical/relevant species, or of spe-
cies indicating disturbance (e.g. in our case, annual 
species). All these data can be used to build a ‘refer-
ence state’ (Reynoldson & Wright, 2000), useful to de-
tect details about the conservation status of a habitat 
(Gigante et al., 2016a) and to predict which kinds of 
species may assemble in response to changes in cli-
mate and land use (Vandewalle et al., 2010; Pierce et 
al., 2017).

The analysis of the influence of natural and anthro-
pogenic factors evidenced that the best conserved as-
pects of the habitat were the least disturbed by human 
trampling. The high vulnerability to human trampling 
has been already recognized (Buffa et al., 2012; San-
toro et al., 2012; Del Vecchio et al., 2016) and is due 
to the presence of several slow-growing species, such 
as dwarf shrubs, and mosses and lichens, which once 
damaged, have a scarce recovery capacity. With par-
ticular regard to vascular species, excessive visitor 
pressure and consequent trampling has been proved 
to lead to the degradation of vegetation, though the 
impact varies in severity according to such species’ 
morphological characteristics (Cole, 1995), as height, 
erectness, and growth form. The most tolerant plants 
are annuals, caespitose graminoids, rosette hemicryp-
tophytes, and geophytes, whereas the least tolerant 
form is that of the chamaephytes. This framework can 
be used to explain the relationship between trampling 
intensity and the gradual increase in dominance of per-
ennial and annual herbaceous species, and the corre-
sponding decrease of dwarf shrubs. 

However, our results also indicated significant re-
lationships with some morphological features of the 
foredune system. While other studies evidenced that 
dune height plays a major protective role against nat-
ural disturbance (Fenu et al., 2013; Ciccarelli et al., 

2017), in our case the most significant variables re-
sulted to be the width of the foredune and the distance 
from the sea. In fact, the aspects with the lowest con-
servation status were found close to the sea, in corre-
spondence of a narrow foredune system. Interestingly, 
aspects of intermediate conservation status were also 
found close to the sea, on the landward side of the fore-
dune, but in correspondence of a wider dune system. 
Our result thus suggests that when the dune systems 
are low, as it is the case in the study area, dune width 
can act as an efficient barrier against limiting factors, 
such as wind and sand burial. 

Although considered among the major drivers con-
trolling the environmental variation along coastal 
dunes (Forey et al., 2008; Maun, 2009), sediment 
properties were almost even among the groups, and 
small differences were found only for the organic mat-
ter content and the pH value, always within the range 
of the value 8, typical of dune environments (Bini, 
2002). According to Forey et al. (2008), environmen-
tal factors better explain regional differences, while at 
the local scale community composition is primarily 
driven by disturbance. Moreover, most studies evi-
dencing significant differences in sediment properties 
were carried out taking into consideration the entire 
coastal zonation, thereby capturing the strong environ-
mental gradient typical of dune environments. In our 
study, which considered only a particular coastal sec-
tor along the zonation, sediment characteristics mostly 
reflect the relevés position along the sea-inland gradi-
ent, but seem not to be useful to distinguish more sub-
tle habitat characteristics. Sediment features seem to 
be primarily a consequence of the composition of the 
plant communities, and particularly of the life cycle of 
dominant species. Annual species are often small, have 
a thin root systems, and lack of woody parts. They pro-
duce a low amount of litter which is easily and rapidly 
degradable (Mazzoleni et al., 2007; Jones et al., 2008), 
or dispersed by wind. Herbaceous perennial species 
are often bigger than annual species, and have a more 
developed root system (taproot), or below-ground 
storage organs, which contribute to produce a higher 
quantity of organic matter, harder to be decomposed 
(Berg et al., 1998; Provoost et al., 2004; Incerti et al., 
2017). Finally, being slow-growing species, often ev-
ergreen, with partially lignified stems, dwarf shrubs 
produce a small quantity of organic matter (Berg et al., 
1998; Provoost et al., 2004).

Conclusion

Our study focused on the only Mediterranean site of 
the EU habitat 2130*, characterized by an endemic 
plant community, and representing a unique aspect of 
the variability of the habitat within its distribution area. 

The results obtained in this study could contribute 
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several important considerations regarding the man-
agement of coastal dune systems, which, to be effi-
cient, need as much information as possible on habitats 
dynamics. In order to conserve the EU 2130* priority 
habitat, representing a peculiar element of the North 
Adriatic coast, the entire dune system integrity should 
be pursued, avoiding direct foredune destruction and 
other actions preventing dune development (e.g. beach 
mechanical ranking). In addition to this, the access to 
the dune system should be managed in order to protect 
the sensitive dune vegetation from trampling impacts. 
These actions need to be conceived within an integrat-
ed management strategy, combining economic, social 
and ecological interests, supported by stakeholders’ 
awareness of dune ecosystems’ value. The integrated 
approach offers the opportunity to reach a win-win 
situation creating sustainable coastal communities, as 
ecosystem functionality maintenance would ensure so-
cial and economic advantages.
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