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Abstract
Coastal ecosystems provide key services, but human activities and natural phenomena such as coastal erosion can strongly 
affect them. These changes can induce severe ecological and economic damages. This study aims to evaluate temporal 
changes in a protected area (Regional Park of Maremma, Southern Tuscany, Italy) in terms of both ecological and 
economical damage associated with ecosystem services loss observed over the period 2001–2014. Studies were performed 
using remote sensing as well as field verification for more critical habitat types. Results show an overall reduction of the 
habitat in flooded areas. During the study period total Ecosystem Services Values (ESV) decreased by more than 13% and the 
major contributor to that changes is loss of wetlands (net reduction of about 4.3 M US$/y), not directly beach erosion. 
Although this study proposes a first order approximation in terms of ESVs of considered biomes, these values are set to 
increase in the near future as knowledge and technologies improve. Therefore, wetlands management plans are crucial in 
this context, and could have much more significant effects on ecosystem efficiency and resources for future generations than 
beach erosion prevention.

Introduction

Coastal ecosystems are a dynamic and complex mosaic of
habitats of great ecological value that provide unique, low-
redundancy services and offer a wide range of benefits both
from the economic and ecological points of view, but at the
same time many of these ecosystems have become degraded
due to several factors (UNEP 2006). Among others ecosys-
tems that provides key services there are beach and dunes
(Malavasi et al. 2013; Drius et al. 2016) and wetlands.
Wetlands play a very important role as constitute biodiversity
hotspots, supporting the presence of a multiplicity of habitat
niches and, consequently, species of the greatest ecological
concern. Several studies have evidenced significant difficulty
in defining and classifying specific habitat traits of wetlands
(Tagliapietra and Volpi Ghirardini 2006; Pérez-Ruzafa et al.
2011). In fact, according to the BConvention on wetlands of
international importance, particularly waterfowl habitat^

(1971), wetlands are classified as Bareas of marsh, fen,
peatland or water, whether natural or artificial, permanent
or temporary, with water that is static or flowing, fresh, brack-
ish or salt, including areas of sea water the depth of which at
low tide does not exceed six metres, and which constitute a
resource of great economic, cultural, scientific and recrea-
tional value, the loss of which would be irreparable^. The
ecological relevance of these habitats is due mainly to the
presence of great biodiversity in both animal (fishes, amphib-
ians, birds, invertebrates) and vegetal (aquatic macrophytes)
species (Moyle and Leidy 1992). Worldwide, wetlands are the
ecosystems most exploited by human activities, such as sport
fishing, aquaculture, hunting, timber and reed cutting, food
gathering, and recreational activities (Ferronato et al. 2000;
Ramsar Convention Secretariat 2006). A significant share of
fish production in the Mediterranean basin (10–30%) comes
from aquaculture in wetlands (Petrella et al. 2005).
Furthermore, wetlands ensure important ecosystem services
such as gas regulation, climate regulation, water supply, nutri-
ent recycling and waste treatment (Mitsch and Gosselink
2000). Ecosystem services are defined as the sum of goods
and services that a specific biome could provide, and consist
of flows of material, energy, and information forming natural
capital stocks, which combine with manufactured and human
capital services to produce human welfare (Costanza et al.
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1997;MA 2005). Ecosystem services can be classified,
mapped, measured and valuated according to various criteria,
as reported in the literature (Costanza et al. 1997, 2014;
Kreuter et al. 2001; Landry and Liu 2009; de Groot et al.
2012). Costanza et al. (1997) initially highlighted the econom-
ic advantages of wetlands conservation so that the wetland
category of land use has been associated with the highest unit
value of ecosystem services (about 14,785 $ ha−1 per year).
The monetization approach to ecosystem services proposed
by Costanza et al. (1997) should not be interpreted as an ex-
treme simplification of a complex matter like ecosystem con-
servation, but rather as a means to allow us to construct a more
complex and balanced picture of the assets that support human
interdependence with the well-being of ecosystems (Costanza
et al. 2014). In fact, expressing the value in monetary units
must not lead to the privatization and trading of public ser-
vices as commodities in private markets. Rather, it should be
an instrument that supports conventional decision-making
frameworks (de Groot et al. 2012). At large-scale levels, a
wide range of socio-economic and environmental factors af-
fect ecosystem services valuation, including employment and
living conditions, income levels, population density and prices
(Barrio and Loureiro 2010) and problems of identification
buffer zones between different habitats (Di sabatino et al.
2013). As reported by Brander et al. (2011), these factors
could be measured and controlled for in a complete and com-
plex meta-data analyses on local measurements that would
otherwise be time-consuming and expensive. Alternatively,
the Bbenefit transfer^ approach, based on environmental value
transfer criterion, allows estimation of ESVs in a studied eco-
system using existing studies that best match the new context
(Brouwer 2000). Environmental value transfer, as reported by
Brouwer (2000), is the transposition of monetary environmen-
tal values estimates at one site (study site) through market-
based or non-market-based economic valuation techniques
to another site (policy site).

The Mediterranean region hosts only about 1–2% of the
world’s wetlands and the Mediterranean Wetlands
Observatory reports that in the last 100 years about 50% of
wetlands have been lost (MWO 2012). The most represented
Mediterranean wetlands are temporary marshes and pools,
lakes, reservoirs, rivers, deltas, and lagoons (MWO 2012).
The last two environments, also known as transitional coastal
ecosystems, are characterized in particular by the variable
spatial and temporal commixture of fresh water and marine
water (Petrella et al. 2005). These habitats have a physical-
chemical gradient that drives and supports a multiplicity of
ecological niches and thus makes them a Bhotspot^ of biodi-
versity (Ferronato et al. 2000). In these ecosystems, primary
productivity is about 10 times greater than in marine ones, and
could support high rates of fish growth and fish productivity

(Petrella et al. 2005). Since the 1950’s most wetland areas
have been reclaimed for agricultural and sanitary purposes,
and few flooded areas survive today. In Italy, wetlands were
reclaimed to build industrial plants and power plants, with a
consequent severe impact on coastal ecosystems. In addition,
global warming represents a possible impact on wetlands due
to rising seawater levels consequent seawater flooding (Stoch
2004, 2009) and coastal erosion (MWO 2012). Furthermore,
preserving wetlands functions and services are considered
among the priority of the Water Framework Directive and
the management of water scarcity is recognized as a major
future challenge especially in southern Europe (European
Commission 2010).

The Regional Park of Maremma includes the estuary of the
Ombrone River and several European Union Sites of
Community Importance (SCI), Special Protected Areas
(SPA) and Sites of Regional Importance (SRI) of particular
ecological concern (Regione Toscana 2013). Despite of its
importance, it is severely affected by coastal erosion with a
progressive loss of beaches from 1883 to the present (Cipriani
et al. 2013). The erosion process is particularly worrisome due
to the area’s ecological relevance as well as seasonal tourism-
based economic interests. Numerous studies have been carried
out to analyse erosion and historic and recent coastline evolu-
tion (Pranzini 1994a, b, 2001; Tarragoni et al. 2011, 2015;
Cipriani et al. 2013). Fewer studies have focused on the con-
sequences of these processes on aquatic habitats and, in par-
ticular, on the canals, coastal lagoons, salt marshes, flooded
plans, and temporary ponds that are present in this area. The
presence of these habitat types is particularly important for the
conservation of wetlands in coastal ecosystems especially at
large spatial scale.

The aim of this study is to evaluate the recent and
decadal evolution of habitats in a highly dynamic coast-
al ecosystem of particular ecological and economical
concern: Regional Park of Maremma (Southern
Tuscany, Italy). In particular, in this study were per-
formed: i) an retrospective analysis of habitat evolutions
by satellite images elaborations, in line with the EU
Biodiversity Strategy 2020 that planned strategies for
ecosystem conservation entailing the assessment, map-
ping and valuation of all ecosystem services in Europe
(European Commission 2011); ii) a detailed in situ
screening of wetlands to evaluate recent changes due
to natural and anthropic factors, and additionally, iii)
we provide an estimation of the ecosystem services
values related to the study area using benefit transfer
approach. In this study, the temporal evolution of habi-
tat surfaces and the economic value of ecosystem ser-
vices associated were estimated since 2001 according to
Costanza et al. (1997, 2014).
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Materials and Methods

Study Area

The study area (Fig. 1) covers about 1600 ha lying within the
Regional Park of Maremma (Tuscany, Italy) and includes
three Sites of Community Importance (SCI) belonging to the
Natura 2000 network. The three sites are recognized as well
Sites of Regional Interest (SRI) from the Tuscany Regional
Law n. 56/2000. In addition, the study area is included for a
large part in the Ramsar Site BPadule della Trappola-Foce
dell’Ombrone^. The study area represents the most dynamic
part of the Natural Park due to the presence of low-lying areas
and the Ombrone River delta, and comprises some priority
habitats and species (Regione Toscana 2013). The study area
is characterized by a fairly uniform geomorphology featuring
17 beach ridges set more or less parallel to the coastline and
delimited to the south-east by the Uccellina hills. The presence
of dunes and inter-dune depressions lends a peculiar patchi-
ness to the ecosystem, supporting great local biodiversity
(Bazzichetto et al. 2016). Coastal ponds called BChiaro
Grande^ and BChiari del Porciatti^ lie in the northern part of
the Ombrone River delta in the Trappola area (Tarragoni et al.
2011, 2015) where the interdune distance is sufficient to con-
tain perennial water ponds (Sgherri and Costantini 2004;
Bellotti et al. 2004). Due to their depth, represent a more stable
aquatic environment (mean depth about of 3.5 m, with the
maximum depths of about 4.5 m; Tarragoni et al. 2011,
2015). These ponds are also characterized by patchiness, with
small- and medium- scale zones, some marked by the pres-
ence of Ruppia spp., others by Chlorophyceae, others by bare
sediment bottoms and other covered with Cerastoderma
glaucum shells or Ficopomatus enigmaticus tube aggregates.
The littoral belt of them presents a dense growth of
Phragmites australis. Closer to the river delta there are some

temporary beach ponds with sandy bottoms and Ruppia spp.
meadows. During rainy seasons, interdune areas are flooded,
creating singular habitats with water a few centimetres deep.
During summer droughts, these habitats dry up and became
muddy, salty plains covered with halophile vegetation like
Salicornia (Bhabitat 1310/annual and pioneer species such as
Salicornia and other species typical of sandy and muddy
zones^ - Regione Toscana 2013). This habitat joins the halo-
phile habitat featuring Chenopodiaceae (Bhabitat 1420/
Mediterranean and thermo-Atlantic prairies of halophyte as
Sarcocornietea fruticosi^ - Regione Toscana 2013), dominat-
ed by perennial Sarcocornia and Arthrocnemum taxa. One
rare species, Halocnemum strobilaceum, is present only in
the study area and one other area of Continental Italy
(Regione Toscana 2013). Halophile habitats alternate in a mo-
saic pattern with B1410/Mediterranean salt meadows
(Juncetalia maritimi)^ (Regione Toscana 2013), with dense
growth of Juncus mari t imus and J. acutus. The
Mediterranean brush is dominated by Juniperusoxycedrus
ssp. macrocarpa and J. phoenicea ssp. turbinata which colo-
nizes the northern coast of the Ombrone River delta.
Limonium etruscum is an endemic local punctiform protected
species established in the Southern part of the study area
(Giovacchini and Stefanini 2008). It has recently been affected
by significant coastal erosion and salinization of groundwater
aquifers (Cipriani et al. 2013). The study area also includes
some priority habitats according to 92/43/CEE (Council
Directive 1992; Biondi et al. 2009): habitat 1150/Coastal la-
goon, habitat 2250/Coastal dunes with Juniperus spp., and
habitat 2270/Wooded dunes with forests of Pinus pinea and/
or Pinus pinaster) (Regione Toscana 2013; Giovacchini and
Stefanini 2008). In the southern part of the Ombrone River
delta, there is a human-managed area (Fig. 1, #3) where it was
built an embankment and forced drainage of water through a
pumping system to counter coastal erosion.

Fig. 1 Study area and thermopluviometric average trends. The study
area is indicated with a white line. The diagram shows thermopluviometric
average data (total rains and air temperatures) collected from 2001 to

2010 at meteorological station n. 103 - Alberese by ARSIA. Notes: 1 =
Chiari; 2 =meteorological station; 3 =Human-managed area (Saline San
Paolo)
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Retrospective Analysis of Ecosystem Evolution

Satellite data are used to examine spatial and temporal
trends in environmental studies (Specchiulli et al. 2008;
Focardi et al. 2009). The availability of an historic data
series allows evaluation of changes over time due to natu-
ral or human-induced factors. Google Earth® images of the
study area were collected for the years 2001 (September),
2004 (September), and 2013 (August). Images referred to
the end of the warmest season were selected to standardize
the impact of rain and evaporation of wetland extensions.
The warmest period (June – August) was selected by
analysing historical series of meteorological data on total
rain and air temperatures (ARSIA 2015) collected at mete-
orological station n. 103 – Alberese, placed inside the
study area (Fig. 1, #2). This allowed us to standardize
measured flooded surfaces as minimal and to assume that
the areas flooded during the warmest period are in fact
permanently flooded throughout the year. All the images
were acquired at an altitude of 5500 m to get more detail on
the ground. The identification of shoreline evolution has
been obtained by superimposition of the three historical
images (2001, 2004, and 2013) through the identification
of fixed points and marking the line between water and
sand. Ecological evaluation in term of habitat variations
was based on quantification of the habitat areas as revealed
in satellite images through photo interpretation. In situ sur-
veys were performed to check and correct satellite-based
interpretations. Habitats were classified using BBiomes^
categories proposed by Costanza et al. (1997, 2014). We
adopted this classification because it is globally recognized
and because it makes less problematic to identify habitats
within biomes. The use of more detailed classification of
habitats could create more difficulties due to ecotones
identification and classification. Biome’s surfaces were
outlined in different colours to isolate total surfaces and
classes considered. ImageJ software (v1.50i, Wayne
Rasband, National Institute of Health, USA) was used to
evaluate the area of outlined surfaces. Categories identified
were BCoastal^ including area from the sea to the back
dunes, BForest^ including principally pinewood, BGrass/
rangelands^ including meadows, pastures and the
Salicornia and BWetlands^ including all flooded areas and
canals. Urban areas (i.e. buildings and infrastructures) cov-
er a negligible area and were not considered. For the anal-
yses we divided Coastal category in BBeach and dunes^
and BSea^ sub-categories, according with Wilson et al.
(2005), to better detect the influence of coastal erosion in
the first of them. Seasons not entail difference in the iden-
tification of forest and shrubland areas due to the domi-
nance of evergreen woody species (mainly Pinus pinaster
and Pinus pinea L.) while Mediterranean shrub land is a
marginal component.

Dynamics Affecting Wetlands: Habitat Type Changes

We focused on coastal wetlands because these ecosystems
contain key features for biodiversity conservation and at the
same time are particularly vulnerable. The presence or the
absence of water during the driest season is the key ecological
factor in influencing flora and fauna associated (Bolduc and
Afton 2004; Osland et al. 2011) and, as a consequence, in
determining habitats of major ecological concern.
Furthermore, Costanza et al. (2014) indicated wetlands as
the biome with the highest unit value (193,843 2007$*ha−1

per year). In this study four years in situ observations period
was considered (2011–2014), even if the study period is not
enough to draw general conclusion, it is useful to get prelim-
inary observation and to assess the actual situation. Wetlands
were monitored in detail and temporary evolution of aquatic
environments and large-scale dynamics was evaluated in 2011
and 2012 by direct survey at 102 sampling stations within the
study area located in the northern (N; n = 76) and southern (S;
n = 26) parts of the Ombrone River delta. Sampling stations
were randomly selected in all flooded areas present in the
driest season of 2011. In 2014, 32 sampling stations (n = 14
in N and n = 18 in S of the Ombrone River delta) were selected
from the former 102. In each sampling station, water presence/
absence, water depth and the habitat type were recorded. The
habitat type was classified taking into account morphological
features and the substrate type observed during direct surveys.
On the whole, four different habitat types were considered for
wetlands: Salt marshes (flooded plain with muddy bottom,
without aquatic vegetation, water depth < 15 cm); Canals (ar-
tificial canals, various substrates with or without aquatic veg-
etation, variable water depth); Coastal lagoons and ponds
(body of water with muddy substrate, presence of aquatic
vegetation, water depth > 15 cm); Beach ponds (body of water
located on the beach with sandy substrates, often with aquatic
vegetation, water depth > 15 cm).

Economic Values of Ecosystem Services

Economic evaluation is a useful tool for weighing the com-
plexity of ecosystem services because it produce data in a
well-known form that may be used in decision making con-
text, for example, for performing environmental analyses like
retrospective analyses of the effects over time of local envi-
ronmental management actions. Unit values (called below al-
so coefficients) calculated by Costanza and colleagues and
published in 2014, relative to 1997 and 2011 estimations,
were used to assign a value to the areas previously identified.
So, we followed Bbenefit transfer^ technique (but see
Plummer 2009 for the limits of this approach). This approach
allows estimation of ESVs in a studied ecosystem using
existing studies that best match the new context (Brouwer
2000). Costanza et al. (1997) is recognised as the most-cited
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study applying benefit transfer techniques to estimate ESVs.
The absence of local studies on the Regional Park of
Maremma precludes the utilization of matching local values.
Furthermore, although there are some studies in the literature
on coastal ecosystem values (see for example Barbier et al.
2011), they focus on coral reefs, or on other continents, so
calculated values are not a good match for Mediterranean
coastal areas. In addition, available studies for the
Mediterranean area only quantify some ecosystem services
(see for example Drius et al. (2016) concerning carbon sink
and diversity sources services), often without estimating their
economic value. In our opinion, the use of these studies could
induce greater estimation errors than the use of Costanza’s
ESVs. The use of unit values calculated by Costanza et al.
(1997, 2014) is justified by the fact that for every biome they
cobbled together estimates from different areas and different
socio-economics context and glean a mean value that we can
use in replacement of more detailed studies. In particular, for
Coastal area was used the coefficient related to the sub-
category BEstuaries^, for Forest area was used coefficient re-
lated to BTemperate/boreal^ sub-category, Grass/rangelands
coefficient for the same named area category and for
Wetlands was used the coefficient relating to the sub-
category Tidal marsh/Mangroves. An economic Value of
Ecosystem Services (ESV) was associated with each class of

biome (k) as per both 1997 (ESVok) and 2011 (ESVnk)
Costanza and colleagues estimations to take into account re-
cent revaluations due to enhanced scientific knowledge and
recent improvements in evaluation techniques regarding eco-
system services. ESVok = ∑ Sk × Cok where: ESVok is the
economic value of the ecosystem services for the k biome
obtained through application of 1997 coefficient; ∑Sk is the
total surface of the k biome and Cok is the unit value (2007$
ha−1per year) of the k biome, while ESVnk = ∑ Sk × Cnk
where: ESVnk is the economic value of the ecosystem service
for the k biome obtained through application of 2011 coeffi-
cient, ∑Sk is the total surface of the k biome and Cnk is the
2011 unit value (2007$ ha−1per year) of the k biome. Values
obtained were summed separately to calculate total ESVo and
ESVn for the study area.

Results

Retrospective Analysis of Ecosystem Evolution

In Fig. 2 the temporal evolution of the study area in the period
2001–2013 is represented. As shown in the figure, the
Ombrone River delta was subject to a significant erosion pro-
cess during the study period, with the northern part

Fig. 2 Temporal evolution of
the study area. Temporal
evolution of the study area is
reported by means of ortho-
rectified satellite images (Google
Earth®) within the study period
2001–2013. The evolution of the
coastline is illustrated using
different coloured lines in the
2013 image. Specifically, the
yellow line represents the
coastline in 2001, the red line
represents the coastline in 2004,
while the white line represents the
coastline in 2013. The white
arrow indicates an inversion of
the erosion trend
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particularly affected. Halfway up the coastline, an inverse
trend of the sedimentat ion process can be seen.
Consequently, a net increase in beach area from 2001 to
2013 is observed near the northern extremity of the study area.
The southern wing of the Ombrone delta is more stable in
terms of shore line shifts, and very limited fluctuations are
observed. Temporal evolution of areas covered by each
biome sensu Costanza et al. (1997) is shown in Figs. 3 and
4, while associated areas are reported in Table 1. The amount
reported in Table 1 under Coastal category is the sum that
included both Sea and Beach and dunes sub-category.
Coastal area on the whole (light blue and pink in Fig. 3) in-
creases of about 44 ha from 2001 to 2013. In spite of the
increase of Coastal, the component Beach and dunes changed
from 106.42 ha in 2001, to 100.56 ha in 2004 and 105.72 ha in
2013 with a net reduction of 0.7 ha during the study period.
Concerning Forest, a notable decrease in covered surface is
observed during the study period. This area, with a net loss of
about 72 ha, appears to have been the most strongly affected.
Wetlands were progressively reduced by about 22 ha during
the study period (with a loss of 63% of wetlands area in 2001).

Dynamics Affecting Wetlands: Habitat Type Changes

Results obtained from the 2011, 2012 and 2014 in situ surveys
are shown in Fig. 5a, b. In particular, Fig. 5a illustrates a
comparison between 2011 and 2012, and Fig. 5b a compari-
son between 2012 and 2014. Because of in 2011 sampling
stations were selected randomly but only in flooded areas,
the percentage of dry stations for that year is 0%. In 2012,
17.65% of the total number of sampling stations throughout
the entire study area were dry. In particular, in the southern
part of the Ombrone River delta 53.85% of the total number of
sampling stations had dried up in 2012, while in the northern
part of the delta only 5.26% of sampling stations were dry that
year. From 2012 to 2014 a further appreciable reduction in
wetlands was recorded and no new flooded areas were
formed. Of the 32 sampling sites used throughout the entire
study period, 56.25% dried up between 2011 and 2014, more
than 66% of sampling sites in S and more than 42% in N.

Concerning the total amount of lost wetlands, detailed anal-
yses were carried out to evaluate the type of habitat lost
(Fig. 6). Overall, salt marshes (T1) were reduced by 39.39%.

Fig. 3 Biome surface areas in
studied area 2001–2013. In the
study area, the temporal evolution
of surfaces covered by different
biomes sensu Costanza et al. 2014
is represented within the study
period using different colours
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Loss of salt marshes was highest in the S area: 70.59% of
sampling sites flooded in 2011 were completely dry in 2012.
In contrast, only 6.25% in N (one of 16 sampling sites) of
flooded sampling sites in 2011 were dry in 2012. Canals
(T2) are subject to annual management efforts and are much
more stable than other wetlands. Nevertheless, canals also
showed a reduction in area, with a loss of 13.64% in sampling
sites throughout the entire study area (22.22% in S and 7.69%
in N). Coastal lagoons and ponds (T3) decreased by 4.44%
(one of 43 sampling sites) in N in 2012 (no T3 habitat type
was present in S area). Beach ponds (T4) showed a reduction
of 25.00% (one of 4 sampling sites) in N from 2011 to 2012
(no T4 habitat was present in S during the study period). In
sampling stations located near the sites of management efforts
(n = 32), T1 habitat type showed a greater reduction, and
75.00% of sampling sites flooded in 2011 were dry in 2014.
The same percentage decrease was recorded in S and N. T2

showed no further reduction in 2014, nor did T3: all sampling
sites flooded in 2011 were still flooded in 2014. In 2014, all
T4 habitat types recorded in 2011 and 2012 had disappeared
from the study area, having dried up or become marine
habitats.

Economic Values of Ecosystem Services

Overall annual Values of Ecosystem Services (ESV) are re-
ported in Table 2 for each considered year (2001, 2004 and
2013) and the contribution of single categories of habitat on
the total value of ecosystem services are expressed in Fig. 7.
The use of 2011 unit values produces ESVn that are on aver-
age one and a half times bigger than ESVo calculated using
1997 values, both expressed in 2007 US dollars. Also consid-
ering change in value from 2001 to 2013, ESVn appplication
highlights an overall decrease in value of the study area
(−3060.59 *103 US$/yr), which is not evident when ESVo is
used (1077.37 *103 US$/yr). Using ESVn, Coastal show a
progressive increase in value during the study period of
1283.98 *103 US$/yr. With regard to the Forest category,
ESVn decreases of 225.96 *10

3 US$/y are almost completely
offset by the increase in value of the Grass/Rangelands com-
ponent (208.08 *103 US$/yr). The largest decrease in ESVn

regardsWetlands (−4326.08 *103 US$/y), and it is due to both
loss of flooded areas (about 63% of the flooded areas that had
been present in 2001) and the high per hectare value of this
component. In 2001, Wetlands represented almost 2% of the
total surface of the study area, but decreased by 1% between
2001 and 2013, producing a loss of ESVn of 4326.58 103

US$/yr.

Fig. 4 Percentage of different
categories of area detected on
the total surface. Coastal
category is splitted in Sea (S) and
Beach and dune (BD)

Table 1 Categories of area detected, relative surfaces and difference
between 2013 and 2001

Area (ha)

2001 2004 2013 Δ

Coastal 432.62 439.35 477.02 44.40

Beach and dunes 106.42 100.56 105.72 −0.70
Sea 326.20 338.80 371.30 45.10

Forest 762.10 755.97 690.07 −72.03
Grass/Rangelands 368.76 379.32 418.71 49.95

Wetlands 35.40 24.25 13.08 −22.32
Total 1598.89 1598.89 1598.89
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Fig. 5 Habitat type changes
2011–2014. The white line
indicates the study area. Habitat
type changes are represented
comparing pairs of years,
specifically, in (a), comparisons
between 2011 and 2012 in 102
sampling stations, and in (b)
comparisons between 2012 and
2014 in 32 stations. Notes: T1 =
salt marshes; T2 = canals; T3 =
coastal lagoon and ponds; T4 =
beach ponds. White figures are
flooded areas, black and grey
ones are dry (the grey ones in the
most recently analyzed period)

Fig. 6 Flooded sampling stations per habitat type.Notes: A 1–3 are in
situ observations of wetlands in 2011–2012 in 102 sampling stations. A1
is the entire study area, A2 is the S part of the study area, and A3 is the N
part of the study area. B 1–3 are in situ observations of wetlands in 2011,

2012 and 2014 in 32 sampling stations. B1 is the entire study area, B2 is
the S part of the study area, and B3 is the N part of the study area. The axis
represents the number of flooded wetlands for each habitat type. T1 = salt
marshes; T2 = canals; T3 = coastal lagoon and ponds; T4 = beach ponds

8



Discussion

In Europe, rates of coastal erosion are on the rise; leading to
rapid degradation and transformation of the habitats they sup-
port (Roebeling et al. 2013). Most coastal management ac-
tions performed in Mediterranean areas and in Italy in partic-
ular, involve beach conservation to counteract erosion pro-
cesses (Ferretti et al. 2003; Bigongiari et al. 2015). The
Ombrone River delta is subject to intense remodelling pro-
cesses involving augmentation or, more frequently, retreats
of the coastline in both the southern and northern wings. A
recent research developed on coastal transformation occurring
in the Mediterranean area analysed landscape changes and
performed an exhaustive analysis on coastal transformation
over the last sixty years in Italy including also habitats con-
sidered in this study focusing in particular coastal dunes
(Malavasi et al. 2013). Results obtained in our study evi-
denced low total loss of beach and dunes habitat (−0.70 ha
between 2001 and 2013). Nevertheless, the role of coastal
dunes as carbon sink and diversity sources is of notable im-
portance in coastal ecosystems (Drius et al. 2016).

The erosion phenomenon induces a significant loss for the
ecological and economic value of the coastal area due directly
to the decline of beaches, dunes (Malavasi et al. 2013; Drius
et al. 2016) and wetlands habitat and indirectly to the closely
related processes of salinization of groundwater and aquifers.
Groundwater salinity varies naturally, increasing during the
dry summer season and decreasing in rainy periods; the area
affected by this phenomenon appears to be slowly expanding
inland (Teobaldelli et al. 2004). Seawater input affects wet-
lands in the southern part of the Ombrone River delta, causing
an increase in water salinity. Previous studies in the Regional
Park of Maremma showed a compromised state of health of
the pine forest, associated with decreased timber and seed
production (Ciancio et al. 1986) and reduced pine needle
length (Torta and De Capua 1993; Piussi and Torta 1994). In
our study, the Forest category lost about 10% of its area
(72 ha) between 2001 and 2013, due to the indirect effects
of erosion processes rather than to soil reclamation for human
activities, as the latter are prohibited in protected areas. In the
study area, Forest is not made up of deciduous species or
coppice, and the principal loss of Forest is due to the pine-
woods drying. Some authors associate coastline erosion with
seawater infiltration and the re-rising of salt water from the
depths of the water table (Conese et al. 1989; Maracchi et al.
1996). A recent study of the pine tree forest in the study area
showed that pine tree death is associated with a reduction in
fresh water supplies (Teobaldelli et al. 2004). On the other
hand, coastline erosion reduces Beach and dunes, and increas-
ing pinewood exposure to sea spray, which has a significant
impact on the trees (Raddi et al. 2009). Furthermore, the pres-
ence of surfactants in seawater is a synergic factor that may
affect forest health along coasts (Raddi et al. 2009). In spite ofTa
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the great importance of beach and dunes conservation to pre-
serve pinewood areas, a clear regression is occurring in the
study area. At the same time Grass/Rangelands component
increased by about 50 ha and this trend is associated with both
Forest and Wetlands regression. The changeability or stability
of wetland behaviour is determined by the presence of water
during the warmest part of the year (Céréghino et al. 2008;
MWO 2012). Comprehensive field data collected in this study
also show that wetlands is the most heavily impacted biome,
and that salt marshes and beach ponds are the most affected
habitat types within wetlands. The loss of wetlands is princi-
pally related to the progressive loss of beach ponds located in
the Northern part of the Ombrone River delta that completely
vanished in 2014. Although wetlands actually contribute only
about 13% to the total ESVn of the study area, their impor-
tance should not be underestimated. In fact, Wetlands provide
unique ecosystem services such as biodiversity conservation
that are irreplaceable on the large scale at which observations
are made in this study. At local scale of observation, the unit
value of wetlands should be considered higher due to their
scarcity than at global scale, and should in fact quickly jump
to infinity as the category progressively disappears (Costanza
et al. 1997). Loss of wetlands could bring about significant
local ecological and economic damages. In fact, according to
de Groot et al. (2012), coastal wetlands support a significant
biodiversity, providing important ecosystem services such as

provisioning (food and freshwater supply, raw materials etc.),
regulating (climate regulation, waste treatments, water purifi-
cation, erosion prevention etc.), habitat (lifecycles mainte-
nance and conservation), and cultural (aesthetic, inspiration,
recreation etc.) services.

To contend with the erosion processes, local administra-
tions have planned and implemented several management ac-
tions, and a protective structure consisting of an embankment
made of large boulders have been built. However, as the coast-
line retreated, it was demolished by seawater. Subsequently,
between 2011 and 2012, a second dike was built, higher and
stronger, parallel to the coastline and situated about 150 m
from the shore, with the aim of halting erosive processes and
preventing the entrance of salt water into the southern part of
the Ombrone River delta during winter storms. An artificial
water pumping station was also reactivated, and artificial
canals were dredged to deal with soil salinization in salt
marshes. Cipriani et al. (2013) estimated that if the rate of
erosion remains constant, the coastline will reach the embank-
ment in 15 years. A plan was developed to build 18 ditches,
perpendicular to the embankment and located between its base
and the shoreline, to reduce the rate of retrogradation by work-
ing as groins to further slow erosion (Cipriani et al. 2013).
Highly dynamic ecosystems are subject to frequent geomor-
phological changes, and this is certainly the case of coastal
estuaries and lagoons; numerous examples in the literature

Fig. 7 Total values of ecosystem
services of the total area and
relative contribute of each
bioma. Values are calculated for
surfaces 2001, 2004, and 2013
(A) by application both 1997 and
2011 unit values (UV)
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show how these systems alternate disruption and reconstruc-
tion periods over the long-term (Ruta et al. 2009). In order to
preserve the geomorphological features of such a systems,
civil society should invest a great deal of energy to counter
entropy and to preserve the state of disequilibrium. Associated
costs have a significant impact on local economies, and man-
agement plans should be made a priori to avoid depleting
economic resources. Human actions aimed at preventing or
mitigating natural phenomena are expensive and fail to pre-
vent processes that occur on a wider scale or over a longer
time period than the planned action can effectively impact.
Rough ecosystem service evaluations are perfunctorily carried
out during the planning phases of local environmental man-
agement actions, but usually only profit-making ecosystem
services are considered without considering other key ser-
vices. However, paradoxically, in some cases it may be better
from an ecological and economic point of view to spend some
resources to support or transfer productive activities suffering
damages (i.e. tourism, aquaculture, fisheries etc.) rather than
try to contain the natural evolution of such ecosystems. An
additional problem is that local actions carried out at the spot
where a natural phenomenon is observed will not be effective
to reduce or prevent it; drivers of natural phenomenon often
act on a smaller scale than affected municipalities, and deci-
sions involving small-scale actions should involve work
groups made up of stakeholders from different scale levels.
For example, a reduction in sedimentary supply to a coastal
area may be due to drivers acting on a river catch basin.

Ecosystem services valuation is a key process in evaluating
loss or gain of ecosystem services, and could be strategic in
ante operam cost/benefit analysis. To date, no cost/benefit
analysis that includes economic comparison between re-
sources that might be spent to prevent erosion in such dynamic
areas and the potential benefits of its preservation has ever
been carried out. This is partially due to a lack of knowledge
and data on the economic values of ecosystem services pro-
vided by beaches and dunes within the Coastal biome.
Furthermore, a better knowledge on the evolution of the study
area should be obtained by the application of the transitional
matrix approach that should be helpful to quantify point-by-
point ecosystem transformations in this last decade, in order to
have a much more detailed assessment on actual changes
(Malavasi et al. 2013). This analysis should represent an im-
provement for further researches on the study area with the
aim to develop a useful management tools.

Conclusions

The approach applied, based on satellite image analysis, and
could represent a useful tool for carrying out long-term eval-
uations and monitoring management actions on large spatial
scales. The use of monetary units clarifies and underscores the

meaning of ecosystem loss or degradation for stakeholders.
Results show a generalized reduction of flooded areas. The
major contributor to the overall total change in ESV in the
study area is loss of wetlands area rather than beach erosion,
although the two factors are linked. Environmental manage-
ment planning involving wetlands is crucial in this context,
and could have a much more significant effect on ecosystem
efficiency and resources for future generations than beach
erosion prevention.

Acknowledgements The authors are grateful to the Regional Park of
Maremma, Consorzio di Bonifica n. 6 Toscana Sud, Parco Regionale
dellaMaremma, Poliservizi Engineering and Bioscience Research
Center, all of which favoured, encouraged, and supported this research
activity. Authors are grateful to Dr. Flavio Monti for sampling activities
and to Theresa Davis for the English language revision.

Compliance with Ethical Standards

Conflict of Interest On behalf of all authors, the corresponding author
states that there is no conflict of interest.

References

ARSIA (2015) Servizio Agrometeorologico Regionale, via Pietrapiana 30
50132 Firenze. http://agrometeo.arsia.toscana.it/. Last access: 03/03/2015

Barbier EB, Hacker SD, Kennedy C, Koch EW, Stier AC, Silliman BR
(2011) The value of estuarine and coastal ecosystem services. Ecol
Monogr 81(2):169–193. https://doi.org/10.1890/10-1510.1

Barrio M, Loureiro ML (2010) A meta-analysis of contingent evaluation
forest studies. Ecol Econ 69:1023–1030

Bazzichetto M, Malavasi M, Acosta ATR, Carranza ML (2016) How does
dune morphology shape coastal EC habitats occurrence? A remote
sensing approach using airborne LiDAR on the Mediterraneancoast.
Ecol Indic 71:618–626. https://doi.org/10.1016/j.ecolind.2016.07.044

Bellotti P, Caputo C, Davoli L, Evangelista S, Garzanti E, Pugliese F,
Valeri P (2004) Morpho-sedimentary characteristics and Holocene
evolution of the emergent part of the Ombrone river delta (southern
Tuscany). Geomorphology 61:71–90. https://doi.org/10.1016/j.
geomorph.2003.11.007

Bigongiari N, Cipriani LE, Pranzini E, Renzi M, Vitale G (2015)
Assessing shelf aggregate environmental compatibility and suitabili-
ty for beach nourishment: a case study for Tuscany (Italy).Mar Pollut
Bull 93:183–193. https://doi.org/10.1016/j.marpolbul.2015.01.021

Biondi E, Blasi C, Burrascano S, Casavecchia S, Copiz R, del Vico E,
Galdenzi D, Gigante D, Lasen C, Spampinato G, Venanzoni R,
Zivkovic L (2009)Manuale italiano di interpretazione degli habitat
della Direttiva 92/43/CEE. http://vnr.unipg.it/habitat/

Bolduc F, Afton AD (2004) Relationships between wintering waterbirds
and invertebrates, sediments and hydrology of coastal marsh ponds.
Waterbirds 27(3):333–341. https://doi.org/10.1675/1524-
4695(2004)027[0333:RBWWAI]2.0.CO;2

Brander LM, Brauer I, Gerdes H, Ghermandi A, Kuik O, Markandya A,
Navrud S, Nunes PALD, Schaafsma M, Vos H, Wagtendonk A
(2011) Using meta-analysis and GIS for value transfer and scaling
up: valuing climate change induced losses of European wetlands.
Environ Resour Econ 52(3):395–413

Brouwer R (2000) Environmental value transfer: state of the art and future
prospect. Ecol Econ 32:137–152. https://doi.org/10.1016/S0921-
8009(99)00070-1

11

http://agrometeo.arsia.toscana.it/
https://doi.org/10.1890/10-1510.1
https://doi.org/10.1016/j.ecolind.2016.07.044
https://doi.org/10.1016/j.geomorph.2003.11.007
https://doi.org/10.1016/j.geomorph.2003.11.007
https://doi.org/10.1016/j.marpolbul.2015.01.021
http://vnr.unipg.it/habitat/
https://doi.org/10.1675/1524-4695(2004)027%5B0333:RBWWAI%5D2.0.CO;2
https://doi.org/10.1675/1524-4695(2004)027%5B0333:RBWWAI%5D2.0.CO;2
https://doi.org/10.1016/S0921-8009(99)00070-1
https://doi.org/10.1016/S0921-8009(99)00070-1


Céréghino R, Biggs J, Oertli B, Declerck S (2008) The ecology of
European ponds: defining the characteristics of a neglected freshwa-
ter habitat. Hydrobiologia 597:1–6. https://doi.org/10.1007/s10750-
007-9225-8

Ciancio O, Cutini A, Mercurio R, Veracini A (1986) Sulla struttura della
pineta di pino domestico di Alberese. Annali dell’Istituto
Sperimentale della Selvicoltura 17:171–231

Cipriani LE, Pranzini E, Vitale G, Wetzel L (2013) Adaptation to beach
erosion at Maremma Regional Park (Tuscany, Italy). Geo-Eco-
Marina 19:65–75

Conese C, Maselli F, Maracchi G, Falchi MA (1989) Uso del
telerilevamento per il monitoraggio del deperimento della
vegetazione costiera in aree protette della Toscana. Monti e Boschi
1:15–19

Convention on wetlands of international importance especially as wa-
terfowl habitat (1971) Ramsar (Iran) UN Treaty Series No.
14583. As amended by the Paris Protocol, 3 December 1982,
And Regina amendments , 28 may 1987. Disponibi le
all’indirizzo https://treaties.un.org/doc/Publication/UNTS/
Volume%20996/volume-996-I-14583-English.pdf

Costanza R, d’Arge R, de Groot R, Faber S, Grasso M, Hannon B,
Limburg K, Naeem S, O’Neill RV, Paruelo J, Raskin RG, Sutton
P, Van den Belt M (1997) The value of the world’s ecosystem ser-
vices and natural capital. Nature 387:253–260. https://doi.org/10.
1038/387253a0

Costanza R, de Groot R, Sutton P, van der Ploeg S, Anderson SJ,
Kubiszewski I, Farber S, Turner RK (2014) Changes in the global
value of ecosystem services. Glob Environ Chang 26:152–158.
https://doi.org/10.1016/j.gloenvcha.2014.04.002

Council Directive (1992) 92/43/EEC of 21th May, 1992 on the conser-
vation of natural habitats and of wild fauna and flora. On line at: eur-
lex.europa.eu/legal-contant/EN/TXT/?uri=CELEX:31992L0043

de Groot R, Brander L, van der Ploeg S, Costanza R, Bernard F, Braat L,
Christie M, Crossman N, Ghermandi A, Hein L, Hussain S, Kumar
P, McVittie A, Portela R, Rodriguez LC, ten Brink P, van Beukering
P (2012) Global estimates of the value of ecosystems and their
services in monetary units. Ecosyst Serv 1:50–61. https://doi.org/
10.1016/j.ecoser.2012.07.005

Di Sabatino A, Coscieme L, Vignini P, Cicolano B (2013) Scale and
ecological dependence of ecosystem services evaluation: spatial ex-
tension and economic value of freshwater ecosystems in Italy. Ecol
Indic 32:259–263. https://doi.org/10.1016/j.ecolind.2013.03.034

Drius M, Carranza ML, Stanici A, Jones L (2016) The role of Italian
coastal dunes as carbon sinks and diversity sources. A multi-
service perspective. Appl Geogr 75:127–136. https://doi.org/10.
1016/j.apgeog.2016.08.007

European Commission (2010) Water Framework Directive. http://ec.
europa.eu/environment/water/water-framework/index_en.html

European Commission (2011) Our life insurance, our natural capital: an
EU biodiversity strategy to 2020.Available online at: ec.europa.eu/
environment/nature/biodiversity/comm2006/2020.htm

Ferretti O, Delbono I, Barsanti M, Furia S (2003) Elementi di gestione
costiera – Parte II. Erosione costiera. Lo stato dei litorali italiani.
ENEA Roma. 67pp

Ferronato A, Lionello M, Ostoich M, Sanavio G (2000) Elementi di
identificazione delle acque di transizione. ARPAV, CTN-AIM
(ANPA-ARPAT)

Focardi S, Mariottini M, Renzi M, Perra G, Focardi S (2009)
Anthropogenic impacts on the Orbetello lagoon ecosystem.
Toxicol Ind Health 25(4–5):365–371. https://doi.org/10.1177/
0748233709106465

Giovacchini P, Stefanini P (2008) La protezione della natura in
Toscana. Siti di Importanza Regionale e fauna Vertebrata nella
provincia di Grosseto. Quaderni delle Aree Protette n°3,
Provincia di Grosseto, 288 pp

Kreuter UP, Harris HG, Matlack MD, Lacey RE (2001) Change in eco-
system service values in the San Antonio area, Texas. Ecol Econ 39:
333–345. https://doi.org/10.1016/S0921-8009(01)00250-6

Landry CE, Liu H (2009) A semi-parametric estimator for revealed and
stated preference data - an application to recreational beach visita-
tion. J Environ Econ Manag 57(2):205–218. https://doi.org/10.
1016/j.jeem.2008.05.002

MA (2005) Millennium ecosystem assessment. Ecosystems and human
well-being. Island Press, Washington

Malavasi M, Santoro R, Cutini M, Acosta ATR, Carranza ML (2013)
What has happened to coastal dunes in the last half century? A
multitemporal coastal landscape analysis in Central Italy. Landsc
Urban Plan 119:54–63. https://doi.org/10.1016/j.landurbplan.2013.
06.012

Maracchi G, Conese C, Maselli F, Bravetti L (1996) Assessment and
examination of coastal vegetation deterioration by means of
Landsat TM data. J Coast Res 12:103–111

Mitsch W, Gosselink J (2000) The value of wetlands: importance
of scale and landscape setting. Ecol Econ 35(200):25–33.
https://doi.org/10.1016/S0921-8009(00)00165-8

Moyle PB, Leidy RA (1992) Loss of biodiversity in aquatic ecosystems:
evidence from fish fauna. In: Fiedler PL, Jain SK (eds) Conservation
biology: the theory and practice of nature conservation, preservation
and management. Chapman and Hall, New York, pp 127–169.
https://doi.org/10.1007/978-1-4684-6426-9_6

MWO (Mediterranean Wetlands Observatory) (2012) Mediterranean
Wetlands: Outlook. First Mediterranean Wetlands Observatory
Report – Technical report – Tour du Valat, France 128 pp

Osland MJ, González E, Richardson CJ (2011) Coastal freshwater
wetland plant community response to seasonal drought and
flooding in northwestern Costa Rica. Wetlands 31:641–652.
https://doi.org/10.1007/s13157-011-0180-9

Pérez-Ruzafa A, Marcos C, Pérez-Ruzafa IM, Pérez-Marcos M (2011)
Coastal lagoons: Btransitional ecosystems^ between transitional and
coastal water. J Coast Conserv 15:369–392. https://doi.org/10.1007/
s11852-010-0095-2

Petrella S, Bulgarini F, Cerfolli F, Polito M, Teofili C (2005) Libro Rosso
degli Habitat d’Italia. WWF Italia - ONLUS, Roma

Piussi P, Torta G (1994) Osservazioni sulla lunghezza e sulla longevità
degli aghi di pino domestico (Pinus pinea L.) G Bot Ital 128:887–
902. https://doi.org/10.1080/11263509409430313

Plummer ML (2009) Assessing benefit transfer for the evalua-
tion of ecosystem services. Front Ecol Environ 7:38–45.
https://doi.org/10.1890/080091

Pranzini E (1994a) The erosion of Ombrone river delta (Italy). Littoral 94:
133–147

Pranzini E (1994b) Bilancio sedimentario ed evoluzione storica delle
spiagge. Il Quaternario 7(1):197–204

Pranzini E (2001) Updrift river mouth migration on cuspate deltas: two
examples from the coast of Tuscany (Italy). Geomorphology 38(1–
2):125–132. https://doi.org/10.1016/S0169-555X(00)00076-3

Raddi S, Cherubini P, Lauteri M, Magnani F (2009) The impact of sea
erosion on coastal Pinus pinea stands: a diachronic analysis combin-
ing tree-rings and ecological markers. For Ecol Manag 257:773–
781. https://doi.org/10.1016/j.foreco.2008.09.025

Ramsar Convention Secretariat (ed) (2006) The Ramsar convention man-
ual: a guide to the convention on wetlands (Ramsar, Iran, 1971), 4th
edn. Ramsar Convention Secretariat, Gland

Regione Toscana (2013) http://www.regione.toscana.it/documents/
10180/11387310/2.utf-8_Q_PIANI_DI_GESTIONE_SIC_-
_VERSIONE_DEFINITIVA_2013_corretta.pdf/0526f0a0-41fa-
4284-b03f-5f4df229e6d4

Roebeling PC, Costa L, Magalhães-Filho L, Tekken V (2013)
Ecosystem service value losses from coastal erosion in Europe:
historical trends and future projections. J Coast Conserv 17(3):
389–395. https://doi.org/10.1007/s11852-013-0235-6

12

https://doi.org/10.1007/s10750-007-9225-8
https://doi.org/10.1007/s10750-007-9225-8
https://treaties.un.org/doc/Publication/UNTS/Volume%20996/volume-996-I-14583-English.pdf
https://treaties.un.org/doc/Publication/UNTS/Volume%20996/volume-996-I-14583-English.pdf
https://doi.org/10.1038/387253a0
https://doi.org/10.1038/387253a0
https://doi.org/10.1016/j.gloenvcha.2014.04.002
https://doi.org/10.1016/j.ecoser.2012.07.005
https://doi.org/10.1016/j.ecoser.2012.07.005
https://doi.org/10.1016/j.ecolind.2013.03.034
https://doi.org/10.1016/j.apgeog.2016.08.007
https://doi.org/10.1016/j.apgeog.2016.08.007
http://ec.europa.eu/environment/water/water-framework/index_en.html
http://ec.europa.eu/environment/water/water-framework/index_en.html
http://ec.europa.eu/environment/nature/biodiversity/comm2006/2020.htm
http://ec.europa.eu/environment/nature/biodiversity/comm2006/2020.htm
https://doi.org/10.1177/0748233709106465
https://doi.org/10.1177/0748233709106465
https://doi.org/10.1016/S0921-8009(01)00250-6
https://doi.org/10.1016/j.jeem.2008.05.002
https://doi.org/10.1016/j.jeem.2008.05.002
https://doi.org/10.1016/j.landurbplan.2013.06.012
https://doi.org/10.1016/j.landurbplan.2013.06.012
https://doi.org/10.1016/S0921-8009(00)00165-8
https://doi.org/10.1007/978-1-4684-6426-9_6
https://doi.org/10.1007/s13157-011-0180-9
https://doi.org/10.1007/s11852-010-0095-2
https://doi.org/10.1007/s11852-010-0095-2
https://doi.org/10.1080/11263509409430313
https://doi.org/10.1890/080091
https://doi.org/10.1016/S0169-555X(00)00076-3
https://doi.org/10.1016/j.foreco.2008.09.025
http://www.regione.toscana.it/documents/10180/11387310/2.utf-8_Q_PIANI_DI_GESTIONE_SIC_-_VERSIONE_DEFINITIVA_2013_corretta.pdf/0526f0a0-41fa-4284-b03f-5f4df229e6d4
http://www.regione.toscana.it/documents/10180/11387310/2.utf-8_Q_PIANI_DI_GESTIONE_SIC_-_VERSIONE_DEFINITIVA_2013_corretta.pdf/0526f0a0-41fa-4284-b03f-5f4df229e6d4
http://www.regione.toscana.it/documents/10180/11387310/2.utf-8_Q_PIANI_DI_GESTIONE_SIC_-_VERSIONE_DEFINITIVA_2013_corretta.pdf/0526f0a0-41fa-4284-b03f-5f4df229e6d4
http://www.regione.toscana.it/documents/10180/11387310/2.utf-8_Q_PIANI_DI_GESTIONE_SIC_-_VERSIONE_DEFINITIVA_2013_corretta.pdf/0526f0a0-41fa-4284-b03f-5f4df229e6d4
https://doi.org/10.1007/s11852-013-0235-6


Ruta M, PepiM, Franchi E, Renzi M, Volterrani M, Perra G, Guerranti C,
Zanini A, Focardi SE (2009) Study of contamination levels and state
assessment of the Oliveri -Tindari lagoon (north-eastern Sicily,
Italy). Chem Ecol 25(1):27–38. https://doi.org/10.1080/
02757540802674453

Sgherri D, Costantini A (2004) Piedi a Terra - Guida geologica ai sentieri
del Parco Regionale della Maremma. PopolarEdizioni, Grosseto

Specchiulli A, Focardi S, Renzi M, Scirocco T, Cilenti L, Breber P,
Bastianoni S (2008) Environmental heterogeneity patterns and as-
sessment of trophic levels in two Mediterranean lagoons: Orbetello
and Varano, Italy. Sci Total Environ 402:285–298

Stoch F (2004) Laghi costieri e salmastri - un delicato equilibrio fra
acque dolci e salate. Quaderni habitat n° 8, Museo Friulano di
Storia Naturale, Udine

Stoch F (2009) Lagune, estuari e delta - una frontiera tra mare e fiumi.
Quaderni habitat n° 23, Museo Friulano di Storia Naturale, Udine

Tagliapietra D, Volpi Ghirardini A (2006) Notes on coastal lagoon typol-
ogy in the light of the EU water framework directive: Italy as a case
study. Aquat Conserv Mar Freshwat Ecosyst 16:457–467

Tarragoni C, Bellotti P, Davoli L, Petronio BM, Pietroletti M
(2011) Historical and recent environmental changes of the

Ombrone Delta (southern Italy). In: Micallef, A. (ed.),
MCRR3-2010 conference proceedings. J Coast Res 61:344–
352. https://doi.org/10.2112/SI61-001.36

Tarragoni C, Bellotti P, Davoli L (2015) Natural and anthropogenic forc-
ing during the last two centuries in the Ombrone delta (southern
Tuscany - central Italy). Ital J Eng Geol Environ 1:5–16

Teobaldelli M, Mencuccini M, Piussi P (2004) Water table salinity, rain-
fall and water use by umbrella pine trees (Pinus pinea L.) Plant Ecol
171:23–33. https://doi.org/10.1023/B:VEGE.0000029384.40192.cc

Torta G, De Capua E (1993) Gli aghi del pino domestico come indice
ecologico: osservazioni sullo stato delle pinete del litorale
grossetano. Atti del convegno ‘Salvaguardia delle pinete
litoranee’, 21–22 Ottobre 1993, Grosseto, Regione Toscana,
Firenze 140–142

UNEP (2006) Marine and coastal ecosystem and human well-being: a
synthesis report based on the findings of the millennium ecosystem
assessment. UNEP. 76pp

WilsonMA, Costanza R, BoumansR, Liu S (2005) Integrated assessment
and valuation of ecosystem goods and services provided by coastal
systems. In: Wilson JG (ed) The intertidal ecosystem: the value of
Ireland’s shores. Dublin, Royal Irish Academy, pp 1–24

13

https://doi.org/10.1080/02757540802674453
https://doi.org/10.1080/02757540802674453
https://doi.org/10.2112/SI61-001.36
https://doi.org/10.1023/B:VEGE.0000029384.40192.cc

	Recent Changes of Ecosystem Surfaces and their Services Value in a Mediterranean Costal Protected Area: the Role of Wetlands
	Abstract
	Introduction
	Materials and Methods
	Study Area
	Retrospective Analysis of Ecosystem Evolution
	Dynamics Affecting Wetlands: Habitat Type Changes
	Economic Values of Ecosystem Services

	Results
	Retrospective Analysis of Ecosystem Evolution
	Dynamics Affecting Wetlands: Habitat Type Changes
	Economic Values of Ecosystem Services

	Discussion
	Conclusions
	References




