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Landscape diversity has declined in Europe during the recent (that is, post 1950) period of
agricultural intensification with a tendency for the most progressive farmers to create the
simplest landscapes. The object of this paper is to analyse the landscape of the Presidential
estate of Castelporziano, a protected area located near Rome. In this territory, there are two SCI
(Site of Community Importance) and several environments of naturalistic value, making
Castelporziano one of the protected areas with the highest biodiversity in Italy. Photointerpretation of aerial photographs taken in 1930 and 2010 was carried out to perform a land
cover (LC) and change detection (CD) analysis. We used Patch Analyst 3.1 software to calculate
landscape indices, in order to characterize the landscape structure. The latter is of particular
interest, considering that the environments in this territory are found in the proximity of two
urban centres, Rome and Ostia, and have therefore been subjected to high anthropic pressure in
recent decades. This study shows a slight fragmentation of all the land-cover classes. Although
the present situation does not call for any particular concern, constant monitoring to prevent any
further landscape fragmentation is required.
Key words: Land-cover change, aerial photographs, nature reserve, landscape pattern metrics.
INTRODUCTION
Mediterranean landscapes are increasingly threatened by
an intensification of forestry and agricultural activities, as
well as urban development, tourism, and uncontrolled
recreational usage. Moreover, the abandonment of
traditional activities (e.g. the abandonment of traditional
agricultural activity and the cessation of silviculture),
coupled with economic and demographic recession in
some areas, is altering the precarious balance achieved
by these traditional methods. As a consequence,
biodiversity in Mediterranean ecosystems is generally in
a decline as shown by recent studies of Kruess and
Tscharntke (1994), Stoate et al. (2001), Agnoletti (2007),
Sluiter and de Jong (2006), Falcucci et al. (2007).
Landscape today is considered as a renewable but
exhaustible resource, which has to be carefully managed
in relation to human activity. For this reason analyses of
landscape patterns and land cover change, with special
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attention to natural environments, are reliable and
important decision-making tools for environmental
resource management (Mast et al., 1997; Jasinski and
Angelstam, 2002; Genghini and Bonaviri, 2005; Lingua et
al., 2006; Rocchini et al., 2006; Abdullah and Nakagoshi,
2007).
Landscape changes are much more evident near urban
centres, where the spread of urbanisation due to human
activity has intensively exploited the territory. This
phenomenon has many environmental consequences,
the most evident of which is ecosystems fragmentation
with negative effects especially for animals. In fact, when
roads and similar infrastructure cut otherwise undisturbed
habitats, they create long, thin edges resulting in
fragmentation. Despite their ubiquity, however, our
understanding of the ecological effects of roads has
lagged behind studies of edges such as those created by
timber harvesting. Studies that have investigated the
ecological effects of roads show that, roads may
negatively affect the ecosystems around them (Forman
and Alexander, 1998). Landscape fragmentation is a
fundamental topic of environment tutelage, since
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changes in land cover patterns over a period of time
affect the ecological system by altering the proportion
and distribution of habitats for the species that these
cover types support (Olsen et al., 2007).
In consequence, in land and environmental planning, it
is fundamental to assess landscape fragmentation and
the complexity of the ecosystems. It could be done by
species–level monitoring, but such an approach is both
time-consuming and expensive, moreover historical
records and therefore data, are often not available, for
this reason remote sensing and GIS (Geographical
Information System) based approach, which compares
aerial photographs from different periods by means of
landscape pattern metrics, can prove to be a useful tool
in investigating natural and anthropic dynamics, the
causes of change, and their contribution to a landscape’s
evolution over time (Innes and Koch, 1998; Roy and
Tomar, 2000). In fact, characterising a landscape and
quantifying its structural change has become possible
today, as a result of advances in remote sensing and GIS
techniques in recent decades. Numerous landscape
indices have been developed to quantify landscape
structure and spatial heterogeneity based on landscape
composition (McGarigal et al., 2002).
Using high-resolution data, a GIS approach is
particularly appropriate in protected areas for mapping
vegetation, where greater attention is given to preserving
ecosystems, and where there is a need to evaluate action
taken in the past and to create a model of the ensuing
changes, in order to preserve the present day landscape
(Hessburg et al., 2000; Brandtberg, 2002; Matsushita et
al., 2006). Awareness is growing, in Italy, of problems of
this kind in land planning. Indeed, the European community guarantees the conservation of the biodiversity of
natural and semi-natural habitats and of wild fauna and
flora in the member states, through the council directive
“HABITAT” 43/92/EEC. To accomplish this, an ecological
network of special zones was created in Italy, named
"NATURA 2000". This ecological network is constituted
by "special zones of preservation" designated by the
member states in conformity with the related directive
92/43/EEC and also with council directive 79/409/EEC
concerning the preservation of wild birds (Fipa and Talia,
2006; Leone, 2007). The physiognomy and spatial
pattern of the landscape’s vegetation may be easily
identified via remote sensing, since they characterize the
landscape both structurally and functionally. Change
detection and patch analysis are required in order to
emphasise these processes quantitatively by applying
different landscape indices.
Furthermore, it is necessary to assess the road
network, in order to appreciate the spread of development over time. In this case, specific metric indices are
necessary, (such as the density, mean mesh size, mean
mesh width) to evaluate the spatial continuity of the
landscape units and therefore, the quality of the
environment (Jaarsma and Willems, 2002). The aim of
his paper is to evaluate the landscape structure in the

Nature Reserve of Castelporziano, Italy, using timeseries GIS datasets, and to investigate the change of its
landscape structure over time.
METHODS
Study area
The study area is of great historic interest. From the 5th century
onwards, it was a possession of the Vatican State, until the 19th
century, when it was established as a hunting reserve for the Italian
royal family. Finally, at the end of the Second World War,
Castelporziano was chosen as the presidential estate of the Italian
Republic, thanks to its rich environmental and cultural heritage. The
Presidential estate of Castelporziano, within the territory of
Castelporziano and Capocotta, was established as a State nature
reserve in 1999. It covers over about 6000 ha, extending SouthSouth West of Rome (20 km from the city) towards the Tyrrhenian
Sea (Figure 1). Inside the nature reserve there are two Sites of
Community Importance (SCI): 1) the coastal area (IT6030027) and
2) the lowland oak woodland (IT6030028). This area, including the
neighbouring territory of Castelfusano, is what remains of the forest
system which once covered the delta of the River Tiber and its
neighbouring zones.
The area of the Castelporziano Estate is between 0 and 85 m
(a.m.s.l.) and it is mainly flat with a mean slope of 5% to the sea.
The climate is meso-Mediterranean with a hot and dry period
between May and August and precipitation peaks in spring and
autumn, the annual average rainfall is approximately 750 mm. Geomorphologically, the Estate is divided into two parts: 1) the oldest
one (Late Pleistocene) is the Ancient Dune (4/5 of the territory) in
northern sector and 2) the newest one (Holocene: 10,000 years
ago) is the New Dune near the coast in the southern part. The type
of vegetation was once very common but has now almost
disappeared not only in the territory of Rome, but also on many
Mediterranean coasts. The territory remained substantially
unchanged over the last centuries, allowing an undisturbed growth
of the vegetation, which was able to develop and mature considerably. Castelporziano can be considered a unique environment in
the Mediterranean due to the concentration of very old plants
(Quercus cerris L., Quercus pubescens Willd., Quercus robur L.)
which in consideration of their age and size (many are more than
400 years), can be defined as "monumental trees" (Pignatti et al.,
2001; Giordano et al., 2006).

Remote sensing data and pre - processing
Data on biotopes and the semi–natural vegetation was acquired by
interpreting black–and–white, and coloured aerial photographs,
taken respectively in 1930 and in 2010, on a scale of 1:2000. The
recent images came from 1 m spatial resolution ortho–rectified
digital aerial photographs taken during a flight in the summer 2010.
They were obtained from the Istituto Geofrafico Militare (IGM) and
projected onto Universal Transverse Mercator (UTM), European
datum 1950. The historical aerial photograph, which were taken
during a flight in the summer 1930, were obtained from the Italian
Air Force, and are the oldest available photographs for this area.
The historical aerial photographs (film format: 130 x 180 mm) were
scanned at high resolution (600 dpi); the flight elevation was about
2.600 m a. s. l. with a scale approximately of 1:2000. Orthorectification was carried out based on a Digital Terrain Model (DTM)
derived from a 1:10000 topographic map (pixel size 10 m) of the
study area.
Moreover, 30 ground control points (GCPs) were collected which
were known points in the technical regional map (CTR) scale
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Figure 1. Study area, Castelporziano Natural Reserve (central Italy).

1:5000, and/or identified in a ground survey, employing a global
positioning system (GPS) Trimble Pathfinder Benefit XL. The GCPs
collection was a hard task considering that the woodland covering
in certain photographs was homogenous and the area was entirely
lacking in typical elements of an anthropic landscape such as
buildings, cross roads, isolated trees, etc. Geometric correction with
a linear polynomial equation was performed using ERDAS
IMAGINE 8.4, and a value of root mean squared error (RMS error)
inferior to 5 m was obtained for each photograph. According
to Gibson and Power (2000) and Carreiras et al. (2006) not all of
the GCPs were utilised, GCPs with higher RMS were discarded to
give greater precision and, considering the purpose of the study,
the RMS values were deemed satisfactory. Images were then
projected onto UTM coordinate system, datum ED 50.
The UTM map projection allowed metric distances and change in
area to be assessed in ground units. The accuracy of sampling
resolution was deemed adequate for detecting changes in land
cover. The minimum mapping unit (MMU) for this study was defined
a priori by the superimposition of a vector format grid with a cell size
of 20 X 20 m (0.4 ha), giving a total of about 15000 cells; this
analysis was conducted using the ArcView 3.2 GIS (ESRI). Each
cell was subjected to photo-interpretation by means of pixel
radiance and the physiognomic characteristics of the vegetation
contained. A reconnaissance was also carried out in the study area
to identify and relate the vegetation types to the photos. Stratified
random sampling was used to distribute sampling points (n = 105)
in different vegetation strata (Jelinski and Wu, 1996; Alados et al.,
2004; Wang et al., 2004; Dark and Bram, 2007).

comparing two temporal scenarios, relative to the years 1930 and
2010, by means of photo-interpretation. Land-cover was assessed
by vector format classification for the two temporal scenarios (1930
to 2010). The landscape was divided into ten major cover types,
based on the ease with which those types could be readily
differentiated, in both the historical and the recent aerial
photographs. The land cover classes identified using these
methods are so represented:
Class 1: OAK WOODLAND, which includes the natural woodland
consisting mainly of the following deciduous oaks: Q. cerris L., Q.
pubescens Willd., more sporadically from Quercus petraea Mattus.,
and several hybrids within this species.
Class 2: ARIFICIAL OAK WOODLAND, which describes
reforestation areas where the following evergreen oaks have been
planted in straight rows: Quercus ilex L., and Quercus suber L.
Class 3: PINE WOODLAND, which consists of woodland with a
homogeneous structure consisting of Pinus pinea L., sometimes
associated with Q. ilex L.
Class 4: MEDITERRANEAN MACCHIA, which includes areas with
shrubby vegetation belonging to the phytosociological class
Quercetea ilicis (Pignatti et al., 2001) and primarily consisting of
Myrtus communis L., Phillyrea spp., Laurus nobilis L., Asparagus
acutifolius L., Erica multiflora L., Daphne gnidium L.

Land-cover production 1930 - 2010

Class 5: SPECIAL CULTIVATION, which refers to artificial
reforestations where exotic species have been planted, such as
Eucalyptus globules Labill., and Eucalyptus camaldulensis Dehnh.

Obtaining accurate time-series land cover maps is a fundamental
key to characterize a landscape and its structural and functional
dynamics. An analysis of the landscape dynamics was performed

Class 6: COASTAL SHORE, which is the area delimited by the
coastline and the Mediterranean macchia, and consists of the
sandy beach.
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Class 7: OPEN AREA, which consists of pasture and fields for
grazing activity that has always been present in these territories.
Class 8: AGRICULTURAL AREAS, which include areas used for
growing crops.
Class 9: BUILDINGS, which include all buildings covering a surface
of more than 100 m2.
Class 10: ROADS, which are divided into two sub-classes: 1) main
roads and 2) secondary roads. The main roads are those with high
traffic density and a width of 6 m.
According to Haaren and Reich (2006) and Haskell (2000) a buffer
area of 4 m was added to each road, so as to allow for the fact that
the vegetation beside the road is periodically contained. The
secondary roads are less busy by-roads approximately 3 m wide,
often covered by the canopy of the overhanging trees. The impact
of these infrastructures in the study territory is therefore, clearly
different for the two typologies. The main roads has relevant
ecological aspects that can be categorised as follows: destruction
or alteration of habitat; physical barriers created by roads, such as
increased resistance of movement; disturbance along the roads;
and traffic casualties due to collisions during crossing. The
secondary roads, on the contrary, do not affect the territory pattern,
since they are an integrated element of the environment. Thus, in
this paper, the only main roads were taken into consideration when
evaluating changes of landscape pattern.
Landscape composition and structure
The advances in remote sensing and geographic information
system (GIS) techniques in recent decades, have made it possible
to characterise a landscape and quantify its structural changes
(Forman and Gordon, 1986). Numerous landscape indices have
been deve-loped to quantify landscape’s structure and its spatial
heterogeneity, based on landscape composition and configuration
(Riitters et al., 1995). For this study, we used a series of landscape
pattern metrics to quantify change in the landscape. Such metrics
have been widely applied in similar studies, and allow objective
description of the temporal pattern of landscape change and comparison of this with other (similar) landscape (Turner et al., 2001).
Landscape composition was quantified by means of the area
covered by each class, an analysis of landscape changes over time
was carried out for each single land-cover class, and transition
matrices over the two periods were calculated to quantify the
overall gains and losses of area for the different landscape classes
(Ihse, 1999; Calcerrada and Perry, 2004; Kennedy and Spies,
2004).
Subsequently, landscape structure was assessed by means of
patch-based metrics. The size of the patches was measured by
means of opportune descriptive indices, that is, Mean Patch Size
(MPS), the Maximum Patch Area (MPA) and the Patch Size
Standard Deviation (PSSD). The shape of the patches was
analysed by means of the Mean Shape Index (MSI), the area
Weighted Mean Shape Index (AWMSI) and the Mean Patch Fractal
Dimension (MPFD) (Zarin et al., 2001; Lıfman and Kouki, 2003;
Frohn and Hao, 2006). Table 1 shows a synthetic description of
these indexes. Road infrastructures can play an important role in
landscape pattern and may increase the fragmentation of
ecosystems (Trombulak and Frissell, 2000). Through the
determination of parameters such as the road density, mesh-width
and mesh-size, it is easy to judge the threshold beyond which both
the homogeneous and the heterogeneous landscape units of the
ecosystem pattern of a given environment is gradually jeopardised
by road infrastructures. According to Forman and Alexander (1998),
a road density of 0.6 km km-2 would be the maximum for a natural

functioning landscape, whereas the Dutch Ministry of Agriculture
and Fisheries (1969) considers values of 2.0 to 2.5 km km-2. Klerks
and Verweij (1994), calculated the road density for Dutch regions
for 1992, to be an average of 1.4 km km-2 for the Netherlands. For
the present study, the analysis of the roads was performed through
the photo-interpretation, of the 1930 and 2010 photographs.

RESULTS AND DISCUSSION
Landscape dynamics
The comparison between the two land-cover maps
(Figure 2) shows a general increase in fragmentation of
the landscape, with a consequent change in its structure,
also due to two new land-cover classes which were
absent in 1930. Figure 3 shows the classes that
underwent the greatest transformation in percent area.
The most significant decrease was observed in the
Mediterranean macchia and Open area classes. The first
decreased by 9% of the total surface area (that is, it was
reduced to roughly half its 1930 area) the second has
reduced his area by 3%; the reduction of the surface in
both classes is due mainly to the increase of the oak
woodland. For the others, land-cover classes significant
changes in percent area not occurred. The most
significant increase was in the Pine Woodland class,
which increased by +8.8% of the total surface area (that
is, it more than doubled its 1930 area). This can be
attributed to the reforestation which took place in the
1950s for the purpose of pine nut harvesting, since at that
time it provided a remarkable income.
The transition matrix (Table 2) shows trends in landcover change. Even though the Buildings class increased
over the 80-year period (mainly at the expense of the
Mediterranean Macchia), it still only represented a small
percentage of the study area in 2010. The coastal shore
area decreased, mainly due to the invasion of
Mediterranean macchia, in fact, 70 ha of coastal shore
were colonised by species belonging to the
Mediterranean macchia, which positively contributed to
protection from erosion by the sea. Indeed, it should be
noted that the coastline remained unchanged over the
80-year time span, and was not affected by erosion,
unlike the adjacent coastline (Figure 4). The area
covered by the Mediterranean macchia class decreased
from 1048 to 485 ha. This reduction is mainly attributable
to the expansion of the Oak woodland class (+650 ha)
and to a lesser extent, to that of the Pine woodland class
(76 ha). The Pine woodland class increased its surface
area considerably, due to the reforestation which began
at the end of the 19th century and continued throughout
th
the first half of the 20 century. The class which was
most affected by these reforestations results was Oak
woodland (-410 ha).
This decrease underlines the fact that, the possibility of
gaining a good income from pine tree cultivation (mainly
from pine nut harvesting) during last century prevailed
over any naturalistic consideration. Nowadays, land
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Table 1. PATCH ANALYST indices used to quantify spatial pattern of patch types.

Acronym
CA
NP
MPS
PSSD
MPA

Scale
class
class or landscape
class or landscape
class or landscape
class or landscape

Index name
Class area %
Number of Patches
Mean Patch Size
Patch Size Standard Deviation
Max patch area

Description
Sum of areas of all patches belonging to a given class in percentage
Number of Patches for each class
Average patch size for each class (ha).
Standard Deviation of patch areas for each class.
Max surface of the patches for each class (ha).

MSI

class or landscape

Mean Shape Index

Sum of each patch perimeter divided by the square root of patch area
(ha) for each class.

AWSI

class or landscape

Area Weighted Mean Patch AWSI is the Perimeter to Area Ratio, weighted by patch area so that
Fractal Dimension
larger patches weigh more than smaller ones.

MPFD

class or landscape

Mean Patch Fractal Dimension

Figure 2. Land-cover map of Castelporziano: year 1930 and 2010.

Shape Complexity. Measures the average fractal dimension of
patches.
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Figure 3. Percent area of different land-cover types during the period 1930 to 2010. (*) Land-cover classes absent in 1930.

Table 2. Transition Matrix for the period 1930 - 2010 (values in it ha). (*) Land-cover classes absent in 1930.

1930
Coastal Mediterranean
Pine
2010
Buildings
shore
macchia
woodland
Buildings
6.03
1.22
7.16
0.02
Coastal shore
0.00
35.56
0.00
0.00
Mediterranean macchia
0.00
67.69
301.03
0.00
Pine woodland
0.02
0.00
76.66
302.30
Open area
0.23
0.00
0.14
0.09
Oak woodland
0.00
2.12
649.87
4.40
Agricultural areas
0.00
0.00
0.36
0.62
Roads
0.28
0.78
9.81
2.28
Artificial oak woodland (*)
0.00
0.00
0.00
0.00
Exotic tree cultivation (*)
0.00
0.00
3.26
0.15
Total (1930)
6.56
107.37
1048.29
309.86

management gives great importance to lowland forest
since it is an environment of great naturalistic value. The
open area decreased from 432 to 242 ha, mostly giving
way to natural oak woodland. Concerning the Oak
woodland and agricultural areas classes, no significant
change was recorded. The area covered by the roads
class increased considerably, from 16 ha in 1930 to 50
ha in 2010.

Open
area
2.48
0.00
0.00
15.87
104.11
296.56
1.06
1.94
10.81
0.14
432.97

Oak
Agricultural
Total
Roads
woodland
areas
(2010)
1.49
0.00
0.04
18.44
0.00
0.00
0.00
35.56
104.64
11.87
0.55
485.78
412.10
27.71
0.80
835.46
119.66
17.67
0.14
242.04
2561.92
79.17
4.02 3598.06
175.93
267.19
0.72
445.88
20.52
4.58
10.18
50.37
190.89
0.00
0.00
201.70
46.32
16.71
0.03
66.61
3633.47
424.90
16.48 5979.90

Landscape metrics
Landscape metrics were calculated in this study using
Patch Analyst in Arc View (Elkie et al., 1999). On a
landscape scale, the number of patches increased by
165% in the observed time span (Figure 5). The pine
woodland patches increased in number from 6 in 1930 to
36 in 2010. This increase is attributable to the numerous
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Figure 4. Coastline of Castelporziano view from an aerial photo (2010). The dashed line points out the coastline related to the year 1930.

Figure 5. Number of patches per land-cover class. (*) Land-cover classes absent in 1930.
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Figure 6. Mean Patch Size (MPS) per land-cover class (ha) and Patch size standard deviation (PSSD) error bars. (*) Land-cover
classes absent in 1930.

Figure 7. Max Patch Area (MPA), ha per land-cover class. (*) Land-cover classes absent in 1930.
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Figure 8. Mean Shape Index (MSI) per land-cover class. (*) Land-cover classes absent in 1930.

artificial reforestation interventions carried out in the time
span 1930 to 2010. Even the number of patches for
Buildings and Open area has increased over the last
eighty years, although not excessively. Regarding the
construction of new buildings, they were built just for
purposes of representation and as offices for the
management of the nature reserve. Moreover, no area of
the reserve has been concerned for residential purposes.
The other land-cover classes were not affected by any
significant change in number of patches, while the
artificial woodland and the special cultivation that
currently present a large number of patches (that is 9 and
14 respectively), were not considered in the landscape
metrics because they were absent in 1930.
However, more substantial changes emerge from the
analysis of the dimension of the patches. The MPS and
PSSD are represented in Figure 6. It emerges that the
mean dimensions of the patches decreased significantly
in all the classes, except for the Oak woodland class
agricultural areas and roads which increased their mean
dimension. However, the PSSD values for all the classes
decreased, showing a reduction in dimension variability
for all the patches in all the classes. The MPA values
(Figure 7) decreased for all the classes; in particular the
values for Oak woodland and Mediterranean macchia
show a notable drop, from 3253 to 2646 ha and from 536
to 31 ha respectively. The reduction in surface area of the
land-cover classes which can be considered as the core
habitat for certain species of ungulate (e.g. Dama dama;

Capreolus capreolus) present in the territory, is cause for
concern. Consequently, periodic monitoring is needed for
these environments, aimed at mitigating the effects of
fragmentation. Only the pine woodland class sees an
increase in MPA value, due to reforestation.
In terms of patch shape, the MSI (Figure 8) highlights a
slight increase for all the classes, except the Pine
woodland class and Open area class whose value are
nearly unchanged. As concerns shape complexity, the
AWSI and the MPFD (Figures 9 and 10) underline the
general trend of rising complexity, a direct consequence
of the increase in fragmentation of all the classes that
make up the landscape pattern.
Roads development
To describe the dynamics of this land-cover, more
meaningful parameters were calculated, that is, length,
density, mean mesh size and mean mesh width (Table
3). It can be seen from the results shown in Table 3 that,
an increase took place in all the parameters observed.
This was mainly due to the increase in the total length of
these infrastructures that consequently more than
doubled the area covered by roads, over the time span
observed. This development led to a drastic reduction in
the mean mesh size and mean mesh width, thus
increasing the fragmen- tation of all the patches through
which the roads went.
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Figure 9. Area Weighted Mean Shape Index (AWMSI) per land-cover class. (*) Land-cover classes absent in 1930

2.00
1.80
1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00

Figure 10. Mean Patch Fractal Dimension (MPFD) per land-cover class. (*) Land-cover classes absent in 1930.
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Table 3. Main and secondary roads change (1930 - 2010).

Tipology
year
Main roads
Secondary roads
total

Roads
1930
41.22
67.36
108.6

(Km)
2010
88.15
168.2
256.4

Density
-2
(Km Km )
1930
2010
0.69
1.48
1.13
2.83

Conclusions
This paper presents a change detection study using
aerial photographs of a Mediterranean landscape in central Italy. We distinguished ten land cover change classes
on a detailed scale. The study showed the effectiveness
of an analysis of changes in landscape structure over
time, performed in a GIS based environment. The nature
reserve of Castelporziano has not been affected at all by
the notable increase in urbanisation in the surrounding
areas. Castelporziano can therefore be considered as a
natural container, a depositary of landscape elements of
the past, (around 60% of the whole territory is still
occupied by lowland oak woodland). The preservation of
this area has been possible thanks to the type of
management to which Castelporziano has been
submitted: it was a hunting reserve for several centuries
up to 1950, when it was established as the Presidential
estate of the Republic, thus conserving its integrity up to
the present day.
Nevertheless, a gradual and widespread fragmentation
of all the land cover classes occurred between 1930 and
2010, and although the present state does not give rise to
particular concern, constant monitoring is required to
prevent any further landscape fragmentation. The
principal casual agent of this trend lies in the anthropic
activities which took place over the eighty year period.
This environmental fragmentation is attributable in part to
reforestations performed using exotic species, but princepally to the road infrastructure development (especially
the construction of main roads). In fact, roads more than
doubled in length over the period. The trend is confirmed
by the indices related to the size and the shape of the
patches, which show a slight generalised increase,
across all the land-cover classes examined.
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