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INTRODUCTION

the ecological classification of land is the scientific practice
that allows ecosystems to be recognised, characterised and
mapped as spatially explicit entities on several scales and
observation levels (Klijn & udo de haes, 1994; Bailey, 1996;
sims et al., 1996). numerous ecologists from different
schools, including those in europe, north america and
australia, promote ecosystem mapping as a fundamental tool
for biodiversity management and conservation (yaffee, 1999;
leathwick et al., 2003; Metzger et al., 2013), with ecosystems
being defined as habitats, vegetation units, ecological
land units, environmental units, landscapes, ecoregions or
bioregions.
the ecosystem approach, adopted in 2000 by the Conference
of the parties to the Convention on Biological diversity,
represents the foremost transposition of the afore-mentioned
scientific orientation within the international policy context
(CBd, 2004). action 5 related to target 2 of the new

european Biodiversity strategy to 2020, i.e. ‘improve
knowledge of ecosystems and their services in the eu’, is
moving in the same direction and a consistent framework to
map and assess the state of ecosystems and their services
is being applied at the european level by the Maes
working Group (Maes et al., 2013). owing to the marked
environmental and biogeographic heterogeneity across
europe, especially on the Mediterranean side of the
continent, Member states are expected to provide a level of
detail for this common framework that corresponds to the
heterogeneity found in each country.
some of the Member states, such as portugal, spain, and
uK, have completed an ecosystem assessment at the national
level which is based on a spatially explicit ecosystem
mapping,  and other Member states are involved in ongoing
similar projects, such as switzerland and several Balkan
countries (http://termite.eea.europa.eu/uploads/document/
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potential of given land unit types.
although land units and sites with the same vegetation
potential can be considered as “complex ecosystems” that
may be used to survey, monitor, manage and sustainably
develop the territory at the country level, they represent
reference models rather than effective systems for the
evaluation of conservation status and ecosystem services
delivery.
as regards actual ecosystems, complete lists of the habitats
according to directive 92/43/Cee (Biondi et al., 2009),
of the habitats according to the Corine Biotopes
classification (angelini et al., 2009), and of vegetation types
at class, order and alliance syntaxonomic levels (Biondi &
Blasi, 2013) are now available for italy. however, neither a
real vegetation map nor a habitat map, which may be adopted
as spatially explicit proxies for current ecosystems, yet exist
for the entire territory. 
the Corine land Cover (ClC) map at a 1:100,000 scale
(updated for the year 2006) is the only existing and complete
cartographic representation of current land cover setting in
italy. the legend consists of 5 classes at the first level, 15
classes at the second level and 44 classes at the third level.
unlike the more limited thematic detail that is adopted as a
standard  at the european level, most of the natural and
semi-natural ClC classes are represented in italy at the iv/v
level (table 1), thereby addressing the need for a better
characterisation of forest, scrublands and grasslands to
support sustainable management and the planning of natural
resources (ispra, 2010). this document does not, however,
yet depict the outstanding variability of vegetation types
across italy, e.g. the occurrence of different types of
deciduous oak woods due to biogeographic, bioclimatic,
morphological and edaphic discontinuity. 

An integrated model for the mapping and 
characterisation of Italian ecosystems

within the framework of the implementation of european
Biodiversity strategy action 5 in italy, we propose a model
for improving the predictive value of the existing land
cover map in terms of ecosystem characteristics (Figure 1).
the expected result is a physiognomic map for the actual
vegetation cover and agro-ecosystems that covers the whole
of italy and is hierarchically consistent with the more
general ecosystem types adopted at the european level (Maes
et al., 2013).
the model relies primarily on the integration between the
ClC map 2006 (iv level) and the potential natural vegetation
(vegetation series) map. the accuracy of this model is
further improved by the biogeographic regionalisation
adopted by the eu habitats directive (eea, 2012), the
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file/962/2011_06_23_update-on-ecosystem-assessments-
in-europe-2-.pdf). the Maes framework has been explicitly
designed to overcome the differences that have arisen
between indicators and quantification methods adopted by
each of these countries. 
the aim of the present paper is to illustrate the basic data and
the methodological approach proposed for the implementation
of action 5 of the european Biodiversity strategy in italy
that is consistent with the european framework. it focuses
on the first step of the implementation procedure, which
concerns ecosystem mapping at the country level. the
full procedure, promoted by the italian Ministry for the
environment with the help of the italian Botanical society
and of the italian zoological union, includes additional steps
for the assessment of ecosystems and the valuation of their
services according to Green infrastructure and natural
Capital accounting perspectives.

State of the art on ecosystem knowledge in Italy

italy, which is located in the southern europe, central
Mediterranean basin, is characterised by a complex
biogeographic evolution combined with a particularly rich
physical heterogeneity in terms of climate, physiography and
soils. Biodiversity, in terms of genes, species and ecosystem
components, is enriched by this complexity and further
modulated by the long history of human land use (Blasi et
al., 2007; Martellos et al., 2011).
an integrated process aimed at the ecological classification
of land in italy, which is based on various scientific
disciplines including geobotany and landscape phytosociology
(Géhu, 1988; Bohn & neuhäusl , 2000/2003; Biondi et al.,
2011; Blasi et al., 2011a), ecosystem geography (Bailey,
2004; omernik, 2004) and landscape ecology (Forman &
Godron, 1986; zonneveld, 1995), has been in progress since
2000 (Blasi et al., 2000; Blasi et al., 2005; Blasi et al., 2011b).
this classification has been based on updated and
homogenised maps of physical factors at the national level,
i.e. a phytoclimatic, a lithological and a geomorphological
map (Blasi & Michetti, 2007; Capotorti et al., 2012a;
smiraglia et al., 2013). Moreover, natural vegetation
potential has been investigated by an extensive network of
regional experts on the basis of phytosociological field data
and scientific knowledge on vegetation dynamics (Blasi
et al., 2004; rosati et al., 2008; Blasi & Frondoni, 2011).
two complementary products have been obtained from the
ecological classification of land: the ‘land units map of
italy’ (smiraglia et al., 2013), which is oriented more towards
physical determinism as a means of characterising the
territory, and the ‘vegetation series map of italy’
(Blasi, 2010), which is oriented more towards the ecological
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I Level II Level III Level IV (V) Level 

1 artificial surfaces 11 urban fabric 111 Continuous urban fabric 

112 discontinuous urban fabric 

12 industrial, commercial 
and transport units 

121 industrial or commercial units 

122 road and rail networks and 
associated land 

123 port areas 

124 airports 

13 Mine, dump and construction sites 131 Mineral extraction sites 

132 dump sites 

133 Construction sites 

14 artificial, non-agricultural 
vegetated areas 

141 Green urban areas 

142 sport and leisure facilities 

2 agricultural areas 21 arable land 211 non-irrigated arable land 2111 intensive crops

2112 extensive crops

212 permanently irrigated land 

213 rice fields 

22 permanent crops 221 vineyards 

222 Fruit trees and berry plantations 

213 rice fields 

23 pastures 231 pastures 

24 heterogeneous agricultural areas 241 annual crops associated with 
permanent crops 

242 Complex cultivation patterns 

243 land principally occupied by 
agriculture, with significant  
areas of natural vegetation 

244 agro-forestry areas 

3 Forest and semi natural areas 31 Forests 311 Broadleaved forest 3111 evergreen oak forests (holm and 
cork oaks)

3112 deciduous oak forests 
(turkey, downy, italian, sessile, 
pedunculate oaks)

3113 Mixed forests dominated by other 
native broadleaved (maple, ash,   
hornbeam, flowering ash)

3114 Chestnut forests

3115 Beech forests

3116 hygrophilous forests (willows,  
poplars, alders)

3117 woods and former plantations    
dominated by exotic broadleaved 
(black locust and Ailanthus altissima)

I Level II Level III Level IV (V) Level 

11eCosysteM MappinG in italy

table 1. levels of the italian Corine land Cover legend (from ispra, 2010).

follow
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I Level II Level III Level IV (V) Level 

312 Coniferous forest 3121 Mediterranean pines and cypress 
forests (pine, maritime pine, 
aleppo pine)

3122 oro-Mediterranean and mountain 
pine forests (black pine and larch, 
scots pine, Bosnian pine)

3123 Fir forests (silver fir and spruce)

3124 larch and/or swiss pine forests

3125 woods and former plantations         
dominated by exotic conifers 
(douglas fir, Monterey pine, 
white pine)

313 Mixed forest 3131 Mixed coniferous and broadleaved 
forests (seven v level subtypes)

3132 Mixed broadleaved and coniferous 
forests (five v level subtypes)

32 scrub and/or herbaceous 
vegetation associations

321 natural grasslands 3211 Continuous grasslands 

3212 discontinuous grasslands 

322 Moors and heathland 

323 sclerophyllous vegetation 3231 high maquis

3232 low maquis and garrigues
324 transitional woodland-shrub 

33 open spaces with little 
or no vegetation 

331 Beaches, dunes, sands 

332 Bare rocks 

333 sparsely vegetated areas 

334 Burnt areas 

335 Glaciers and perpetual snow 

4 wetlands 41 inland wetlands 411 inland marshes 

412 peat bogs 

42 Maritime wetlands 421 salt marshes 

422 salines 

423 intertidal flats 

5 water bodies 51 inland waters 511 water courses 

512 water bodies 

52 Marine waters 521 Coastal lagoons 

522 estuaries 

523 sea and ocean

physiognomic and syntaxonomic characterisation of the seral
vegetation stages provided in the monograph that accompanies
the vegetation series map (Blasi, 2010), the description of
the habitats of community interest (Biondi et al., 2009;

Biondi et al., 2012), and the analysis of the faunistic
component associated with the different vegetation types
(Boitani et al., 2003; Maiorano et al., 2006).
the first operational step entails simplifying the potential
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natural vegetation map and its legend. the original map is, in
fact, very detailed and contains approximately 300 types and
4,900 polygons, which are derived not only from the
structural and physiognomic diversity, but also from
the syntaxonomic diversity, of the mature seral stages.
aggregation rules will be based on i) the structural and/or
physiognomic characteristics of these stages, e.g. ambits for

‘acidophilous chain of herbaceous vegetation series of high
mountain areas’ or ambits for ‘Quercus pubescens forests’,
and ii) on the biogeographic setting of their sites of
occurrence, which will lead, for example, to ‘Quercus
pubescens forests’ being divided in ‘alpine’ ‘Continental’
and ‘Mediterranean’ (table 2).

eCosysteM MappinG in italy

Figure1: integrated model for the mapping and characterisation of italian ecosystems.
(abbreviations: pnv/potentian natural vegetation; ClC/Corine land Cover; Maes/Mapping and assessment of ecosystems and their services).
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table 2. simplified potential natural vegetation (pnv) for the characterisation and mapping of italian ecosystems. some examples concerning
deciduous oak forest pnv types.

Original polygons of vegetation series
(legend voices from: Blasi, 2010)

Structure
Physiognomy (dominant
species of the mature 

seral stage)

Biogeographic 
setting (data source: 

EEA, 2012)
Simplified PNV

western alps soil independent Quercus pubescens
vegetation series (Quercion  pubescenti-petraeae)

deciduous forest downy oak 
(Quercus pubescens)

alpine

Central and southern alps acidophilous Quercus
pubescens vegetation series (Arabidi turritae-Querco
pubescentis sigmetum)

deciduous forest downy oak
(Quercus pubescens)

alpine
Quercus pubescens 

Alpine forests

Central apennine neutrobasiphilous Quercus
pubescens vegetation series (Cytiso sessilifolii-
Querco pubescentis sigmetum)

deciduous forest downy oak 
(Quercus pubescens)

alpine

northern apennine subacidophilous Quercus cerris
vegetation series (Erythronio dentis-canis-Quercion
petraeae)

deciduous forest turkey oak 
(Quercus cerris)

Mediterranean

umbria and Marche apennine neutrobasiphilous
Quercus cerris vegetation series (Aceri obtusati-
Querco cerridis sigmetum)

deciduous forest turkey oak 
(Quercus cerris)

Mediterranean Quercus cerris
Mediterranean forests

Central and northern pre-apennine neutrobasiphilous
Quercus cerris vegetation series (Lonicero xylostei-
Querco cerridis sigmetum)

deciduous forest turkey oak 
(Quercus cerris)

Mediterranean

the second step entails attributing the ClC classes to
different ecosystem types depending on their occurrence in
different ambits of aggregated vegetation potential. For
example, according to the afore-mentioned case, integration
between the two documents will allow the ‘Quercus
pubescens Mediterranean forests’ ecosysytem to be
distinguished from the ‘Quercus cerris Mediterranean
forests’ ecosystem within the iv level ClC class ‘3.1.1.2
deciduous oak forests (dominated by Quercus cerris and/or
Q. pubescens and/or Q. frainetto and/or Q. petraea and/or
Q. robur)’. 
the integration is expected to provide a finer definition not
only of forests, but also of shrub and herbaceous ecosystems
through the full description of the seral stages that belong to
each vegetation series. the description will help to establish,
for example, that ClC polygons belonging to the class
‘3.2.1. natural grassland’ and falling within the ambit of
‘Quercus cerris Mediterranean forests’ are prevalently
dominated by either Bromus species in semi-natural
conditions or Agropyron species in post-crop recovery
aspects.
the third step consists of a further characterisation of the
ecosystem types in terms of: i) habitats directive, e.g. as
regards the environmental conditions, ecological peculiarities,
possible variants and subtypes, structural features, floristic

composition, dynamic, associated alien species, and rarity
(Biondi et al., 2009); ii) local occurrence of threatened plant
species, according to the project for the important plant areas
of italy (Blasi et al., 2011c) and the new iuCn red list of
vascular plants (rossi et al., 2013a, 2013b); iii) faunal
components of the ecosystems, through the contribution of
scientists from the italian zoological union.

DISCUSSION

italy has the adequate scientific knowledge to undertake a
process of ecosystem mapping on a national scale, as is
required of each Member state by the eu Biodiversity strat-
egy to 2020. 
indeed, updated documents and maps on the ecological
classification of land and vegetation potential, actual land
cover /land use, vegetation and habitat types are available for
the entire country. Geobotanists have, on the basis of these
data combined with their expertise, thus been able to build
an integrated model for the characterisation and mapping
of italian ecosystems that may be adopted for a wide
range of purposes, e.g. to assess the faunal component of
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the ecosystem types and, subsequently, the ecosystem
conservation status and associated services. 
the suitability of this model may also be attributed to the
involvement of complementary skills, such as those related to
functional ecology, forestry and zoology, in the early stages
of the comprehensive project of ‘Mapping and assessment of
ecosystems and their services’ conducted in italy. this
interdisciplinary involvement has already proved to be very
effective in other pilot projects at the sub-national level,
including the design of green infrastructures (Blasi et al.,
2008), the assessment of forest naturalness (Blasi et al., 2010;
Marchetti et al., 2010), the natural capital account for
protected areas (Capotorti et al., 2012b), and the valuation of
ecosystem services (Manes et al., 2012a, 2012b; Marchetti
et al., 2012; Blasi et al., 2011d). 

CONCLUSIONS

the strength of the model proposed here for the mapping of
ecosystems resides above all in the fine characterisation it
provides of the actual land cover types by taking into account
the ecological potential of land, vegetation dynamics and
biogeographic setting. the model is going to be tested in
italy, but should also be applied elsewhere in Mediterranean
europe, especially in those countries that have a comparable
environmental and biogeographic complexity. 
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