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Abstract Many recent developments in coastal science
have gone against the demands of European Union
legislation. Coastal dune systems which cover small
areas of the earth can host a high level of biodiversity.
However, human pressure on coastal zones around the
world has increased dramatically in the last 50 years. In
addition to direct habitat loss, the rapid extinction of
many species that are unique to these systems can be
attributed to landscape deterioration through the lack of
appropriate management. In this paper, we propose to
use of an ecosystem classification technique that
integrates potential natural vegetation distribution as a
reference framework for coastal dune EU Habitats (92/
43) distribution analysis and assessment. As an exam-

ple, the present study analyses the EU Habitats
distribution within a hierarchical ecosystem classifica-
tion of the coastal dune systems of central Italy. In total,
24 land elements belonging to 8 land units, 5 land facets,
2 land systems and 2 land regions were identified for the
coastal dunes of central Italy, based on diagnostic land
attributes. In central Italy, coastal dune environments
including all the beach area, mobile dunes and all the
fixed-dune land elements contain or could potentially
hold at least one EU habitat of interest. Almost all dune
slack transitions present the potentiality for the sponta-
neous development of EU woodlands of interest. The
precise information concerning these ecosystems distri-
bution and ecological relationships that this method
produces, makes it very effective in Natura 2000
European network assessment. This hierarchical eco-
system classification method facilitates the identification
of areas to be surveyed and eventually bound, under the
implementation of EU Habitat directive (92/43) includ-
ing areas with highly disturbed coastal dune ecosystems.
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Introduction

Many recent developments in estuarine and coastal
science have gone against the demands of European
Union legislation. The “habitats” directive 92/43/EEC
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of the European Union is at present one of the world’s
most effective legal instruments concerning biodiversity
and nature conservation (Wätzold and Schwerdtner
2004; Lee et al. 2002; Müncher et al. 2004). The
directive aims at creating a coherent network under the
name of Natura 2000, to protect the unique natural
European heritage. The national lists of proposed sites
of community interest (pSCI) for Natura 2000 already
contain approximately 10,000 sites, covering about
12% of the total land cover of the European Union (cf.
European Commission 2001).

Coastal dune systems, which cover relatively small
areas, can however host a high level of biodiversity
compared with other natural ecosystems. Furthermore,
sandy seashores show an extremely specialized flora
and fauna that include very few species which are also
present in the flora of other terrestrial ecosystems
(Kutiel et al. 2000). Dune systems are usually narrow,
long and run along the coastline. Despite this narrow
width, a complex sea-to-inland environmental gradient
develops along this strip. According to this gradient
structurally and floristically different vegetation types
develop. 17 habitat types in annex I of the 92/43/EEC
directive describe the important environmental hetero-
geneity of coastal sand dune habitats in Europe
(European Commission 2003). However human pres-
sure on coastal zones around the world has increased
dramatically in the last 50 years and this phenomenon
is particularly striking in the Mediterranean (Curr et al.
2000). Although Italian coastal dune system remained
relatively well preserved from the morphological,
hydrological and naturalistic standpoint until the
nineteenth century (Garbari 1984), from the twentieth
centuries a strong intensification of human activity that
included cattle grazing, farming and tourism (including
building up and trampling) has been registered. Coast-
bound tourism, in particular, became a mass phenom-
enon after World War II and is now considered the
principal cause of degradation of coastal dunes (Acosta
et al. 2000). In addition to direct habitat loss, the rapid
extinction of many species which are unique to these
systems can be attributed to landscape deterioration
through the lack of appropriate management (Andersen
1995; Kutiel et al. 2000; Shanmugam et al. 2003).
Therefore what is needed is a landscape classification
scheme that provides ecologically meaningful units for
quantifying different aspects of landscape degradation.
This should then be correlated to environmental and
anthropic processes. In the last decade, due to this

increased interest in environmental management and
biodiversity conservation of degraded habitats, hierar-
chical ecosystem classification has become object of
renewed attention, from a theoretical viewpoint and
also in case-specific applications (Klijn and Udo de
Haes 1994; Zonneveld 1995; Bailey 1996; Matson and
Power 1996; Bredenkamp et al. 1998; Pressey et al.
2000; Acosta et al. 2005a).

Most hierarchical landscape classifications rely on
concept of ecosystem as ‘a volume of land and air
plus organic content extended aerially over a partic-
ular part of the Earth’s surface for a certain time
(Rowe 1961). In this view, the whole Earth can be
conceived as a unified functional ecosystem, which
can be categorized into similar or dissimilar ecosys-
tems at progressively smaller ecological scales. This
enables to create a hierarchical framework, in which
the pattern and function of ecosystems at each level
depend on both the potentiality of lower levels and
the constraints imposed by higher levels (O’Neill
et al. 1989). The recognition of such a hierarchy of
nested ecosystems provides a rational base for many-
scaled problems in the fields of nature conservation
and sustainable development (Rowe 1996).

Within this context Blasi et al. (2000) proposed a
classification system for describing and mapping Italian
landscapes at different scales. Blasi’s approach suc-
cessfully integrates environmental frame information
with different levels of ecosystem description and, in
particular, incorporates the concept of potential natural
vegetation (PNV; Tüxen 1956). According to Westhoff
and van der Maarel (1973), the PNV express the
spontaneous natural development of the environment
and can be defined as “the vegetation that would finally
develop in a given habitat if all human influences on
the site and its immediate surroundings would stop at
once”. Ricotta et al. (2000, 2002) suggested using PNV
distribution as a reference framework for landscape
structure and function assessment. Following this,
Acosta et al. (2003) applied the PNV concept for the
assessment of the state of conservation of coastal dune
ecosystems in central Italy.

In this paper, we propose to use an ecosystem
classification approach that integrates PNV for coastal
dune EU Habitats (92/43) distribution analysis and
assessment. As an application the present study
analyses the EU Habitats distribution within a hier-
archical ecosystem classification of the coastal dune
systems of central Italy.
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Study area

The present study regards a coastal area extending for
over 400 km in central Italy, 250 km along the
Tyrrhenian Sea (Lazio Region) and 150 km along the
Adriatic Sea (Molise and Abruzzo Regions). These
coasts are mainly composed of sandy beaches,
although some small rocky promontories and river
outlets can be found. Recent dunes (Holocene)
generally occupy a narrow strip along the seashore.
They are not very high and are relatively simple in
structure. In natural conditions, vegetation zonation
follows the sea-to-inland ecological gradient, ranging
from annual communities on the strandline zone of
the beach to Mediterranean macchia on the inland
stabilized dunes (Acosta et al. 2003, 2005b; Stanisci
et al. 2004). Land cover mapping of coastal dune
ecosystems is a difficult task because of the fragmen-
tation of communities. Acosta et al. (2005b) found a
good correspondence between land cover classes and
vegetation types in Molise. For a detailed description
of plant communities inside the study area see Acosta
et al. (2001, 2003, 2005b), Pirone et al. (2001) and
Stanisci et al. (2004). On the Tyrrhenian coast, the
study area is characterized by Mediterranean climate
while on the Adriatic coast both Mediterranean and
Temperate climatic regimes are present (Biondi and
Baldoni 1994). Although both coasts differ in climate,
they present similar land uses. Several potential
hazards threaten coastal ecosystems. Extensive human
activities in littoral areas are widespread and the
factors causing disturbance are of a various nature. In
fact, from the twentieth century onwards a strong
intensification of human activities has been registered.
This includes cattle grazing, farming, tourism, road
construction and expansion, reforestation and agricul-
ture. While agriculture, forestation and building
activities have eliminated many tracts of internal
vegetation zonation (Pirone 1997), beach and embryo-
dune coenoses are endangered because of coastal
erosion, a widespread process affecting extensive areas
of Central Italy (Iannantuono et al. 2004; Gruppo
Nazionale per la Ricerca sull’Ambiente Costiero
2006). Despite this process of degradation, the Lazio
Region reduced its natural and seminatural coastal
dune extension to 24% of its potential distribution.
However, only 12% of Abruzzo and 46% of Molise
coastal systems present well preserved conditions
(Pietrobelli and Bardi 1997; Stanisci et al. 2004).

Still, in the study area, it is possible to observe
some of the last remaining strips of psammofilous
coastal vegetation and coastal macchia of the Central
Adriatic and Tyrrhenian coast. Many of these well
preserved coastal tracts are included in the Natura
2000 European network as pSCI (CE 43/92). Cur-
rently, 15 pSCI (proposed sites of community interest)
which include coastal dune EU directive 92/43
Habitat types have been proposed for the study area,
9 in Lazio, 3 in Abruzzo and 3 in Molise.

Materials and methods

The beach dune ecosystems of central Italy were
classified following the Blasi et al. (2000) approach,
which we adapted to describe coastal vegetation
(Acosta et al. 2003). This method used an intuitive,
divisive approach based on available data merely
using a map overlay methodology. For a detailed
description of the adopted hierarchical ecosystem
classification method and its general theoretical
framework see Blasi et al. 2000. The Blasi’s hierar-
chical framework from a higher to lower level of
abstraction, comprises: land regions (LR), land
systems (LS), land facets (LF), land units (LU) and
land elements (LE). Land regions are defined at broad
ecological scales >250.000. They are determined by
macroclimatic features. This is because macroclimate
is the main factor which influences landform process-
es as well as vegetation and soil distribution at smaller
scales (Rivas Martínez 1996; Gavilàn and Fernandez-
Gonzalez 1997). Furthermore, macroclimate is the
relevant land attribute for classifying coastal dune
system at broad scales (Westhoff and Shouten 1979).
Within land regions, land systems are delimited
according to significant lithological differences. Land
facets are separated at intermediate scales, and
delimited according to the lithomorphology features
and local bioclimatic types (rainfall and temperature
regimes). According to the Blasi et al. (2000)
proposal, land units (LU) are defined at a detailed
scale. A land unit is determined by a major vegetation
series that evolve in one consequent PNV type.
Nevertheless in psamophilous coastal vegetation at
this scale it is not possible to identify a single
association, although major coastal phyto-toposequenza
(geosigmeta) could be recognized. For this reason,
in this study the LU description is based on coastal
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dune geosigmeta determined by the assemblage of
different plant communities along a complex gradi-
ent. At even smaller scales it is possible to identify
plant communities (associations) along the dune
morphology, defining land elements (LE). It is
observed that in most cases the coastal substrate
deviates from more inland ones (Olson and van der
Maarel 1989).

In the study area, recent dunes can be found in
contact with ancient dunes and coastal plains with
heterogeneous lithology (belonging to different LS) in
dune slacks. Since environmental conditions of the
transition area could influence the inner part of the
coastal zonation, at LE level the classification scheme
considers not only plant communities along the dune
morphology but also information regarding the contact
area (inland LS).

In particular land regions, systems, facets and units
of central Italy coastal dunes were obtained by
integrating the information derived from ancillary
thematic maps, such as phytoclimatic maps (Blasi
1994, 2003; Paura 1996; scale 1:250000), a litostrati-
graphic map (Bigi et al. 1988) and geologic maps
(1:25:000) produced by the Italian Geologic service.
Since information was quite easy to handle, the maps
were digitalized as GIS data vector layers in Arc-
View 3.2 (ESRI 2000). Information concerning the

land elements distribution (potential coastal vegetation–
zonation) was derived from detailed dune morphology
field observations and original phytosociological rele-
vés and from previous phytosociological studies, in
which the proposals of coastal sand dune PNV had
already been described (Pirone 1983, 1997; Géhu et al.
1984; Taffetani and Biondi 1989; Stanisci and Conti
1990; Biondi 1999; Acosta et al. 2001; Pirone et al.
2001; Blasi et al. 2002; Iannantuono et al. 2004;
Stanisci et al. 2004).

To analyze the EU directive habitat distribution
within the hierarchical ecosystem classification we
integrate European and national documents (European
Commission 2003; APAT 2005; Petrella et al. 2005)
that describe them with the most recent Italian
sinphytosociological revision of coastal dune vegeta-
tion (Biondi 1999).

Results and discussion

The Central Italy coastal dune ecological heterogene-
ity is expressed in a high number of environmental
units. Overall 24 land elements belonging to 8 land
units, 5 land facets, 2 land systems and 2 land regions
were recognized, based on diagnostic land attributes
(Fig. 1). Each land unit is a complex of different plant

Fig. 1 Location of major
coastal dunes in Lazio,
Abruzzo and Molise
Regions. For a detailed de-
scription of the different
land units (LU) see Table 2.
Asterisks LU-1.1.1.1.; dark
shaded circles LU-1.1.2.1.;
empty circles LU-1.1.2.2.;
dark shaded triangles LU-
1.1.3.1.; cross LU-1.1.4.1.;
empty star LU-1.1.4.2.;
rhomboid LU-1.1.4.3; dark
shaded squares 2.1.1.1
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Table 1 Land regions (L.R.), systems (L.S.), facets (L.F.), units (L.U.) and elements (L.E.) found in central Italian coastal dune
environments

L. R. L. S. L. F. L. U. L. E.

1. Mediterranean 1.1.Coastal sand
dunes

1.1.1. Recent coastal dunes
under meso-Mediterranean
dry-subhumid climate

1.1.1.1. Coastal dune vegetation
zonation in contact with alluvial
deposits

1.1.1.1.1. Beaches
and mobile dunes

1.1.1.1.2. Fixed
dunes
1.1.1.1.3. Dune
slacks transition to
alluvial deposits

1.1.2. Recent coastal dunes
under meso-Mediterranean
subhumid climate

1.1.2.1. Coastal dune vegetation
zonation in contact with ancient dune
deposits

1.1.2.1.1. Beaches
and mobile dunes

1.1.2.1.2. Fixed
dunes
1.1.2.1.3. Dune
slacks transition

1.1.2.2. Coastal dune vegetation
zonation in contact with fine bright
Pleistocenic sands

1.1.2.2.1. Beaches
and mobile dunes

1.1.2.2.1. Fixed
dunes
1.1.2.2.2. Dune
slacks transition

1.1.3. Recent coastal dunes
under termo-Mediterranean
subhumid climate

1.1.3.1. Coastal dune vegetation
zonation in contact with lacustrine
deposits and coastal lakes

1.1.3.1. 1.Beaches
and mobile dunes

1.1.3.1.2. Fixed
dunes
1.1.3.1.3. Dune
slacks transition

1.1.4. Recent coastal dunes
under meso-Mediterranean
dry climate

1.1.4.1.Coastal dune vegetation
zonation in contact with fine sand
and clay alluvial deposits

1.1.4.1.1. Beaches
and mobile dunes

1.1.4.1.2. Fixed
dunes
1.1.4.1.3. Dune
slacks transition

1.1.4.2.Coastal dune vegetation
zonation in contact with
conglomeratic gravel deposits

1.1.4.2.1. Beaches
and mobile dunes

1.1.4.2.2. Fixed
dunes
1.1.4.2.3. Dune
slacks transition

1.1.4.3. Coastal dune vegetation
zonation in contact with ancient
dunes

1.1.4.3.1. Beaches
and mobile dunes

1.1.4.3.2. Fixed
dunes
1.1.4.3.3. Dune
slacks transition

2. Temperate 2.1.Coastal sand
dunes

2.1.1. Recent coastal dunes
under meso-temperate
subhumid climate

2.1.1.1. Coastal dune vegetation
zonation in contact with Pleistocenic
bright sands

2.1.1.1.1. Beaches
and mobile dunes

2.1.1.1.2. Fixed
dunes
2.1.1.1.3. Dune
slacks transition
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Table 2 Potential natural vegetation types that characterize coastal dune seashore-inland ecosystem zonation in central Italy

Beaches and mobile dunes Fixed dunes Dune slacks transition

Land facets

1.
1.

1

1.
1.

2

1.
1.

3

1.
1.

4

2.
1.

1

1.
1.

1

1.
1.

2

1.
1.

3

1.
1.

4

2.
1.

1

1.
1.

1

1.
1.

2

1.
1.

3

1.
1.

4

2.
1.

1

Land Elements
1.

1.
1.

1.
1

1.
1.

2.
1.

1

1.
1.

2.
2.

1

1.
1.

3.
1.

1

1.
1.

4.
1.

1

1.
1.

4.
2.

1

1.
1.

4.
3.

1

2.
1.

1.
1.

1

1.
1.

1.
1.

2

1.
1.

2.
1.

2

1.
1.

2.
2.

2

1.
1.

3.
1.

2

1.
1.

4.
1.

2

1.
1.

4.
2.

2

1.
1.

4.
3.

2

2.
1.

1.
1.

2

1.
1.

1.
1.

3

1.
1.

2.
1-

3

1.
1.

2.
2.

3

1.
1.

3.
1.

3

1.
1.

4.
1.

3

1.
1.

4.
2.

3

1.
1.

4.
3.

3

2.
1.

1.
1.

3

PNV classes

Salsolo-Cakiletum 
maritimae • • • • • • • •

Echinophoro 
spinosae-
Elytrigietum 
juncei/Sporoboletu
m arenarii

• • • • • • • •

A
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er
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al
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ss
 

ve
ge

ta
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on

Echinophoro-
Ammophiletum 
australis

• • • • • • • •

Loto-
Crucianelletum 
maritimae

• • •

Sileno coloratae-
Vulpietum 
membranaceae

• • • • • • • •

Eriantho-
Schoenetum 
nigricantis and 
other communities 
of the Juncetalia 
maritimae

• • • • • • •

Sileno coloratae-
Ononidetum 
variegatae

• • • • • • •

Asparago-
Juniperetum 
macrocarpae

• • • • •

Phyllireo 
angustifoliae-
Juniperetum 
turbinatae

• •

A
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l g
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ss

, c
ha

m
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c 
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 Pistacio-
Rhamnetum • • • • • •

Cyclamino 
hederifolii-
Quercetum ilicis 
temophilous variant 

• • • • •

Cyclamino 
hederifolii-
Quercetum ilicis 
mesophilous variant

• • •

P
ha
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ro

ph
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 v

eg
et

at
io

n

Roso-Quercetum 
pubescentis •

Contact Land System
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Dots indicate the presence of the different plant communities inside each land element
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communities within seashore-inland zonation. These
plant community sequences are characterized by a
structural gradient (different life forms related to
different plant communities), ranging from the most
pioneer annual communities on the beach, to different
woods in the sheltered zone. In order to show the land
classification structure and the environmental vari-
ability of the study area, the land units are briefly
described in Table 1 and the land elements in terms of
PNV classes are summarized in Table 2.

Coastal dune vegetation is usually recognized as
azonal, a fact evidenced by precedent Mediterranean
synchorology maps. In fact it has been shown that
many coastal associations have a wide geographical
distribution (Géhu et al. 1989). Our study confirmed
this as the five land facets (characterized by different
bioclimatic regimes) have similar beach dune plant
communities (Table 2). Conversely, climatic macchia,
evergreen woods and deciduous forests that develop
in the foredune are characterized by floristic and
coenological features related to local climatic mor-
phologic and lithologic features.

In central Italy, changes in the coastal dune environ-
ment along a compressed sea-inland gradient has led to
the possible development of 11 EU habitats of interest
(EU 43/92). Table 3, shows the correspondences
between the EU directive habitat and the land elements
present in the study area. Note that all the beach and

mobile dunes and all the fixed-dune land elements
contain or could potentially hold at least one EU habitat
of interest. In addition, almost all dune slack transitions
could potentiality develop EU woodlands of interest.

Conclusions

The ecosystem classification approach applied in the
present work, fulfils the requirements of policy
making and environmental assessment, providing
descriptive units with different potential applications,
according to the scale of problems under investigation
and the desired accuracy of the results. Land systems
and facets can be effectively used from national down
to regional level. Land units and elements are more
suitable for the evaluation of environmental quality
and impacts, and for land management at local scales.
This approach could be essential for conservation
policy efficacy assessment, because it constitutes a
clear and easy applicable monitoring instrument that
allows the planners to evaluate if an action works or
not, or how a given action is effective in achieving a
given objective. Furthermore, the precise information
concerning the ecosystem distribution and ecological
relationships that can be obtained from this method
make it very effective in Natura 2000 European
network assessment. Indeed, this hierarchical ecosys-

Table 3 Correspondences between EU directive habitats and land elements in terms of PNV classes present in the study area

EU habitat type Land elements

Sea dunes
2210 Crucianellion maritimae fixed beach dunes Loto-Crucianelletum maritimae
2220 Dunes with Euohorbia terracina Sileno coloratae-Vulpietum membranaceae
2230 Malcomietalia dune grasslands (Malcolmia ramosissima) Sileno coloratae-Ononidetum variegatae
*2250 Coastal dune with Juniperus sp. (J. macrocarpa e turbinata) Asparago-Juniperetum macrocarpae and Phyllireo

angustifoliae-Juniperetum turbinatae
2260 Cisto-Lavanduletea dune sclerophyllous scrubs Pistacio-Rhamnetum
*2270 Wooded dunes with Pinus pinea and/or Pinus pinaster
(P. pinaster, pinea, halepensis)

2110 Embryonic shifting dunes Echinophoro spinosae-Elytrigietum juncei/Sporoboletum
arenarii

2120 Shifting dunes along the shoreline with Ammophila arenaria Echinophoro-Ammophiletum australis
Coastal and halophytic habitats
1210 Annual vegetation on drift lines (Cakilitea maritimae) Salsolo-Cakiletum maritimae
1410 Mediterranean salt meadows (Juncetalia maritimae) Eriantho-Schoenetum nigricantis and other communities

of the Juncetalia maritimae
Mediterranean sclerophyllous forests:
9340 Quercus ilex and Q. rotundifolia forests Cyclamino hederifolii-Quercetum ilicis
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tem classification method facilitates the identification
of areas to be surveyed and eventually bound, under
the implementation of the EU Habitat directive (92/
43). This includes highly disturbed coastal dune
ecosystems.

The inclusion of PNV in the land classification
scheme is specially important in land planning and
management in Europe where plant sociology is
largely employed. The proposed approach seems to
be quite effective in dealing with coastal dune
monitoring and conservation status evaluation. In this
way, land elements could be used as a reference model
to analyze the influence of anthropogenic changes such
us landscape transformation or the introduction and
naturalization of exotic species. In other words, based
on PNV distribution, it is possible to establish sites of
scientific interest where no floristic or faunistic priority
presently occurs, but where potential for spontaneous
restoration of such characteristics exists.

With this in mind, we hope that several case studies
will be carried out in the near future to adequately test
and refine this approach. Moreover, further efforts must
be made in order to provide ecological information for
increasingly larger coastal areas which contain many
endangered habitats and where a uniform conservation
and monitoring methodology has yet to be established.
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