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Abstract

In Italy, agricultural intensification and the abandonment of rural areas since the 1960s has
led to a transformation of the traditional agricultural landscape, bringing with it a series
of environmental and socio-economic issues and problems such as those linked to hydro-
geological instability, a reduction in biocultural diversity and migration to urban centres,
especially of the younger population. These phenomena have also led to a progressive loss
of all the cultural and traditional practices related to these systems, thus contributing to
a homogenization of the landscape structure due to abandonment. On the other hand, in
the last years, we are witnessing a return to rural and traditional practices with the aim
of recovering local cultures, especially those associated to agricultural practices, and to a
more sustainable management of the territory. Vallecorsa, a municipality in central Italy, is
one of the landscapes inscribed in the Italian National Register of Historical Rural Land-
scapes and it is still characterized by traditional agricultural practices that provide multiple
benefits also in ecological terms, maintaining a specific level of biodiversity, interpreted as
part of the biocultural diversity of the area. The aim of the present research is to analyse
the structure of the traditional landscape of Vallecorsa and to determine its main character-
istics, using landscape as the scale. Through the use of GIS software, by means of photo-
interpretation and the use of DTM, the present study analyses the structure of land use, and
in particular of terraced surfaces, and the associated data on area size, fragmentation, alti-
tude and slope. The results take into account the diversity of land uses and mosaic patches,
as well as terraced surfaces, and their distribution in the territory, relating them to the local
biodiversity, in particular that of dry stone walls.
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Introduction

Following the economic boom after the Second World War, traditional agricultural land-
scapes underwent rapid and profound changes that transformed them into uniform land-
scapes, in some cases completely altering their main functions (Antrop et al. 2004). Urban-
isation and economic growth have contributed to the abandonment of rural areas and their
transformation, generating numerous changes in the mosaic of the traditional landscape
and resulting in a loss of biodiversity (Deng et al. 2017) and, in some cases, causing hydro-
geological hazards (Tarolli et al. 2014). The preservation of traditional agricultural land-
scapes is important for their natural, cultural, and aesthetic values as well as the knowledge
that is being transmitted and managed through generations (Vallés-Planells et al. 2019).

The Italian territory is characterized by a vertical landscape of mountains and hills
and, historically, terraces have represented the way for managing and cultivating territo-
ries with more or less impervious slopes (Agnoletti et al. 2015). By conserving rainwater
and increasing soil moisture availability and land productivity, terracing plays an important
role in improving habitat conditions by being beneficial for ecosystem and biodiversity res-
toration (Wei et al. 2012). The construction of dry-stone walls is part of a millennium-long
process of shaping steep hillsides and, particularly in Italy and in the Mediterranean area,
it is one of the most widespread traditional building technique. These ingenious man-made
constructions are often referred to as multifunctional systems as they assure a series of
ecosystem services and socio-cultural benefits such as reducing water runoff and conserv-
ing it, controlling erosion, conserving soil, improving soil fertility and land productivity,
increasing crop yields, restoring vegetation, improving biodiversity and providing aesthetic
value (Wei et al. 2016; Brunori et al. 2018). Among the main functions, the regulation of
excess water runoff in relation to the retention capacity of the soil in order to guarantee a
correct relationship between the elements of air, soil and water in the substrate and at the
same time ensure stability on the slopes with a reduction in the level of erosion, is funda-
mental in the arid context of the Mediterranean Basin (Roose et al. 2002). During the hot-
test and driest days, the dry-stone walls are able to capture the atmospheric vapour which
penetrates the rocks and which at night, as the air cools, condenses and is transformed into
small droplets which are then released into the soil (Laureano 2001).

Terraced landscape’s biodiversity is present in at least two different levels: the diversity
of species cultivated in the field, and the flora and fauna that flourish among the inter-
stices and margins near the drystone walls (Varotto et al. 2019). Considering the benefits in
terms of biodiversity, terracing and traditional dry-stone walls are particularly valuable for
the proliferation of reptiles, birds and mammals as well as terrestrial plants such as ferns,
lichens, vascular plants, mosses and liverworts (Collier et al. 2013, Blasi et al. 2000). Gen-
erally, it is possible to affirm that dry-stone walls host more lichens than natural rocky walls
and that they have also been positively correlated with the presence of molluscan species
and butterflies (Dover et al. 2000). Moreover, the UNESCO-CBD Florence Convention of
2014 recognized the agronomic and historic-cultural value of terraces and their importance
for the biocultural expression of the diversity of rural areas (Agnoletti et al. 2015) and, in
2019, the “Art of dry stone walling, knowledge and techniques” has been inscribed in the
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Representative List of the UNESCO Intangible Cultural Heritage of Humanity (UNESCO,
Decision of the Intergovernmental Committee: 13.COM 10.B.10, 2014).

Landscape diversity, here determined by the presence of varied land uses and numer-
ous mosaic patches, has an impact on ecosystem functions and, in particular, on the loss of
biodiversity (Deng et al. 2017). Moreover, the presence of traditional features such as dry-
stone walls and terraces results in increased landscape diversity (Naveh, 1994). Structur-
ally complex landscapes generally provide higher levels of ecosystem services compared
to simple ones and, in general, the composition of the landscape has important effects on
local biodiversity, to the extent that, in some cases, it becomes more important than farm-
ing techniques (Winqvist et al. 2011). Moreover, by providing different habitat types in the
overall matrix, landscape-scale heterogeneity affects species richness, particularly that of
birds communities (Guyot et al. 2017).

The aim of the present study is to analyse the structure of the traditional landscape of
Vallecorsa and to determine its main characteristics and elements, in particular determin-
ing the types of land use, area, fragmentation, average and maximum altitude, slope and
features. In particular, the terraced surfaces are analysed, obtaining information on their
distribution within the study area in order to determine the relationship between the verti-
cal structure of the Vallecorsa landscape and the agrobiodiversity associated with the dis-
tinct altitude bands. This research therefore aims to analyse the existence of a positive cor-
relation between the complexity and fragmentation of land uses and biodiversity, both in
terms of agrobiodiversity and landscape. This study can be the basis for further research to
compare neighbouring areas, which have not maintained the same landscape diversity, and
assess the levels of biodiversity present, with a possible focus on the difference between
terraced and non-terraced olive groves. Moreover, considering the importance of main-
taining traditional systems for the preservation of agrobiodiversity, both cultivated and
endemic, this study might be useful for the development of planning and management tools
aimed at the preservation of local and traditional knowledge that contribute to the creation
of sustainable agroecosystems similar to the one analysed in Vallecorsa.

Methods and materials
Study area

The study area (Figs. 1, 2), thus the whole municipality of Vallecorsa, is located in central
Italy, more precisely in the province of Frosinone, in southern Lazio about 110 km from
Rome. The area has a surface of 3970 hectares and is defined by administrative boundaries
that correspond to natural features. In fact, the municipality of Vallecorsa is part of a valley
whose borders run along the crests of the mountains by which it is surrounded. The altitude
varies between 173 m a.s.l., coinciding with the confluence of the stream I/ Fossato, to the
top of Cima del Nibbio at an altitude of 1054 m a.s.l.. The surface has an average slope of
44.5% and a maximum of 190% (62°), thus reaching very extreme steepnesses (Fig. 3).

The territory of the study area is mainly characterised by two factors: a calcareous soil,
rich in outcropping boulders, and aridity. The study area is located in a transitional area
between the Mediterranean and the temperate macro-bioclimates. By definition, the Medi-
terranean macro-bioclimate is the extratropical type in which, during the hottest period of
the year, there are at least two consecutive months in which precipitation in mm is less than
twice the temperature: P <2 T (Rivas-Martinez et al. 2011).
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Fig. 1 View of the valley of
Vallecorsa from the olive groves
terraces

Fig.2 Location of the municipal-
ity of Vallecorsa, Italy
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Legend
D Site boundaries
[1.] Site of Community Interest (SCI) "Monte Calvo e Monte Calvilli"

[ S00 1,000 1,500 2,000 m
e — —)
["] special Protected Area (SPA) "Monti Ausoni e Aurunci®

Fig. 3 Protected areas in the municipality of Vallecorsa

For the analysis of precipitation and temperature, the most recent five-year period, from
2016 to 2020, was taken into consideration and data from the Regional Agency for Devel-
opment and Innovation in Agriculture of Lazio (ARSIAL) were used (Tables 1, 2).
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Table 1 Rainfalls of the

S Rainfalls

municipality of Vallecorsa,

2016-2020 Month 2016 2017 2018 2019 2020  Average
January 90.2 117.6 898 1942 96 117.56
February 266 84 280 119 452 158.84
March 96.4 51.4 3904 234 1924 150.8
April 55.8 69.8 29 129.4 458 65.96
May 85.2 452 1094 2094 392 97.68
June 86.2 19.2 50.8 3.6 182.8  68.52
July 36.2 45.8 45.8 126.8 304 57
August 19.8 9.6 72 15.8 49 33.24
September 1112 1082 384 116.8 151 105.12
October 1182  49.6 183.6 141.6 204.6 139.52
November 76.6 298.6 331 6458  89.6 288.32
December 12 3246 177 321.8  506.8 268.44

Cumulative  1.053  1.225 1.797 2.048 1.633  1.551

Table 2 Temperatures of the

municipality of Vallecorsa, Temperature

2016-2020 Month 2016 2017 2018 2019 2020  Average
January 8.3 4.6 8.9 49 7.7 6.9
February 10.1 9.2 5.5 8.3 9.4 8.5
March 99 117 8.7 11 95 102
April 153 127 157 121 13 13.8
May 161 172 169 126 175 161
June 204 228 206 233 188 212
July 246 244 238 243 236 241
August 242 264 229 249 241 245
September  19.7 18 203 201 204 197
October 161 158 167 163 137 157

November 11.7 10.1 11.7 11.7 12.2 11.5
December 8.5 6.9 8.3 9.2 8.2 8.2

The average rainfalls of each month were calculated in order to identify the months
with the most and least rainfalls, and the average cumulative rainfalls was taken into
account. The analysis shows that the driest months are July and August and the wettest
are November and December. The annual cumulative rainfalls varied between 1053 and
2048 mm, with an average of 1551 mm.

For temperatures, average values were used to identify the coldest and warmest
months on average. The coldest period is between December and February, with the
lowest temperatures peaking in January. The highest temperatures are reached between
July and August.
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The hydrographic network is poorly developed. In the valley there are alluvial deposits
of "Il Fossato", a stream of torrential character, made up of red earth and volcanic products
of all volcans of Latium (Meloni et al. 2013).

In the last 20 years there has been an increase in the forest vegetation in the areas inves-
tigated, triggered by processes of recolonization of shrub pioneer species (Broom, Philly-
rea, Lentisk, Ampelodesma, Asparagus, Dog Rose, etc.) and forest trees with anemophil-
ous dissemination (Maples, Dogwood, Siliquastro, Acacia, etc.) on former agricultural
areas; these processes seriously contribute to the increase in the number of forest fires. In
addition, considering that terraced farms function as a defense against forest fires (Gon-
calves et al. 2018, Socci et al. 2019), collapsed dry stone walls no longer constitute a bar-
rier against them. In this regard, many studies cite the propensity for fire spread as a conse-
quence of terrace abandonment.

The territory of Vallecorsa is located in a valley characterised by carbonatic mountains.
The main lithotypes are limestone and limestone with flint and dolomite (Napoli et al.
2019).

The municipality of Vallecorsa falls within the special protected area “Monti Ausoni
and Aurunci” (SPA 1T6040043) and the site of community importance “Monte Calvo e
Monte Calvilii” (SIC 1T6050024) (Fig. 4). The most significant for the territory of Valle-
corsa is the SPA “Monti Ausoni ed Aurunci” since it covers 81.4% of its territory, exclud-
ing only the valley floor area.

Given its geographical position and the peculiar conformation of the territory, Valle-
corsa has not undergone the phenomenon of agricultural intensification to which other
parts of the Italian territory, especially in the lowland areas of northern regions, have been
exposed (Agnoletti et al. 2019). The study area, characterised by a traditional small-scale
agriculture mainly linked to self-consumption with the cultivation of olive groves, vine-
yards and non-irrigated arable land, has therefore preserved the traditional elements of the
landscape, still visible in the complex mosaic of the landscape, the terraced plots and in the
dense network of wells and shelters scattered throughout the valley, testifying to the need
to cope with aridity in a place with no natural sources.

The inhabitants of Vallecorsa have been able to deal with the constraints of the terri-
tory and transform the landscape, strongly characterized by an inhospitable topography and
water scarcity, into a productive land. Back in the 14th century, farmers shaped the rocky
surface with sledgehammers to build dry-stone walls, here called “macére”, to make room
for the cultivation of olive trees and their presence is already attested in the municipal stat-
utes of 1327 (Municipal Statutes, Vallecorsa, 1327). Historically, men were in charge of
the construction of the “macére” while women used to carry the fertile land from the valley
floor to the terraces, through the use of baskets built with wicker or small olive branches,
in order to ensure greater productivity of the soil. Different terracing systems are present
in the study area due to the morphological variability of the land and the calcareous boul-
ders emerging on the surface Oliveti terrazzati di Vallecorsa, Application dossier, National

@ Springer



2380 Biodiversity and Conservation (2022) 31:2373-2396

Land Use Arrangements
Surface water . Vegetable garden EI Terraced
. Urban settlements ,j] Meadows and arable land D Not terraced
. Shrubland . Meadows and arable land with trees
. Forest . Mixed colture
. Orchard Hedges
Uncultivated area . Vineyards 0 500 1,000 1,500 2,000 m
. Olive groves . Vineyards with trees

Fig.4 Land use map of Vallecorsa

(Register of Historical Rural Landscapes). There are linear systems of terraces of different
sizes depending on the slope of the land and, in some cases, where the slope or the shape
of the land did not allow otherwise, small enclaves with semi-circular walls were built to

@ Springer



Biodiversity and Conservation (2022) 31:2373-2396 2381

Table 3 Land uses and macro-

Land Macro-cat
category of the land use map ancuse acro-category

Meadows and arable land Agricultural
Meadows and arable land with threes

Mixed cultivation

Olive groves

Orchard

Uncultivated area

Vegetable garden

Vineyard

Vineyard with trees

Shrubland Forestry
Forest

Hedges

Urban settlements Urban

Surface water Unproductive

protect individual olive trees, called “lunette”. Towards the bottom of the valley, where the
slopes are gentler, the landscape is characterised by the so-called “ciglioni”. It is estimated
that there are about 2000 km of dry-stone walls in the study area as reported in the docu-
ments supporting the UNESCO candidacy of the art of dry-stone walls (UNESCO Nomi-
nation file No. 01393, Consent of communities—Italy).

Methodology.

The first part of the research focuses on the study of the territory of Vallecorsa, and in par-
ticular of its morphological, climatic and cultural components.

The administrative boundaries of the Italian municipalities were downloaded from the
ISTAT website, updated to 1 January 2021, and then the municipal boundaries of Val-
lecorsa were extrapolated to create the reference shape file. The study area, through the
extrapolated vectorial file, has been analysed and processed through photointerpretation of
Google Satellite images of 2017, through the Quick Map Service plug-in, using Quantum
GIS 3.10.4 thus allowing to study the mosaic structure of the traditional agricultural land-
scape of the territory.

The land use map elaborated in this process counts 14 different land uses, some of
which were further subdivided in “terraced” and “not terraced”. Through the land use map,
it was possible to identify the distinct land uses present in Vallecorsa and analyse their
structure and peculiarities in terms of area, altitude, landscape distribution, state of conser-
vation and criticality. The legend was developed following four general macro-categories
(agricultural, forest, urban and unproductive) and was then expanded and adapted during
the photointerpretation according to the evidence derived from the images. The Table 3
shows the macro-category distribution.

Despite being currently unproductive, the uncultivated area was included in the agricul-
tural macro-category because it was used as pasture in the past, from which it appears to
be an area suitable for agriculture, although now unused. Uncultivated areas also include
grassland pastures affected by fires. Considering the difficulty in distinguishing forest
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species through photointerpretation, the analysis of the various species was carried out by
comparing them with the data in the SHP file of the forest type map downloaded through
the GeoPortal of the Lazio Region.

The DTM (Digital Terrain Model) was downloaded from the National Environmen-
tal Information System Network of the Higher Institute for Environmental Protection and
Research (ISPRA), with resolution 20 m. The DTM was used to obtain data on the altitude
bands and average and maximum slope of each land use, also with the distinction between
terraced and not terraced landscape. In particular, a comparison was made between the dif-
ferent types of olive groves in the study area to compare the average slopes of non-terraced
valley floor olive groves with terraced and abandoned ones.

To better understand the landscape’s texture distribution, an advanced elaboration has
been carried out. The site area has been framed in a hexagonal grid, with each hexagon
being 1 ha in area, using the MMQGIS plug-in. Within each hexagon, the number of
patches and the amount of unique land uses were then counted. From these data, a com-
plexity map has been elaborated, with a bivariate legend to show both information at the
same time.

Finally, the last elaboration involves a multitemporal analysis focussed on the terraced
olive groves areas. This analysis aims to better understands the evolution of the terraced
landscape, comparing the land use map of 1954 and the land use map of 2012. The area
took into consideration for this analysis is the same area of the National Register of Histor-
ical Rural Landscapes site because it covers most of the terraced olive groves, with a total
surface of 716 hectares. The first land use map derives from the photointerpretation of the
1954 aerial photos from the Military Geographic Institute, while the second one derives
from the photointerpretation of the Google satellite photos of 2012.

A new map, derived from the overlay of the two previous ones, was then elaborated and
the polygons of this new layer were reclassified according to the possible combinations of
past and current land use, i.e., the dynamics of landscape evolution. These dynamics fol-
lows some rules to show different external energy-wise changes in the landscapes, and are
briefly explained below:

— Unchanged: where two land uses coincide, or the energy input required from both land
uses (past and current) remain similar.

— Unchanged terraced olive groves: a subcategory of “unchanged” has been introduced to
better shows this dynamic in regards of the focal argument of this research.

— Urbanization: when any kind of past land use (except urban) becomes urban.

— Intensification: when a land use with a low energy input becomes another land use with
a higher energy input required (for example, a pasture becomes a crop field)

— Extensification: when a land use with a high energy input becomes another land use
with a lower energy input required.

— Permanence of olive groves in a state of abandonment: while normally this dynamic
will be shown as an extensification, it has been kept separate to better explain the evolu-
tion of the olive groves.

— Renaturation by secondary ecological succession: when any past land use becomes for-
est for secondary succession, normally due to abandonment of agricultural activities.

— Conifer reforestation: since a wide area has been artificially reforested with pinus spp.,
this dynamic has been separated by the natural secondary ecological succession.

The final part focuses on the importance of landscape complexity and terracing for local
biodiversity and the agricultural development of an area otherwise difficult to cultivate

@ Springer



Biodiversity and Conservation (2022) 31:2373-2396 2383

Fig.5 Spatial distribution of the
terraced surfaces
Legend

M Terraced surfaces
[J Area boundaries

because of steep slopes and aridity. Data on animal species present in the territory have
been collected through the lists of species of the Special Protected Area (SPA) “Monti
Ausoni e Aurunci” and the application dossier for the National Register of Historic Rural
Landscapes.

Results and discussion

Land use and terraced landscape

Land use analysis

The map (Fig. 5) describes the land use of the study area. In general, it is possible to
observe that the territory is characterised by a high patch density that creates a very com-
plex and heterogeneous landscape, especially at the valley floor. The ridges and slopes that

descend to the bottom of the valley are mainly characterised by woods, uncultivated areas,
shrubs, and terraces, which are particularly evident on the sunnier eastern slope.
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Table 4 Land use of the study

L K Land use Area (ha) Area (%) N.Patches Average
area d1s.t1ngu1shed in four macro- Patch Area
categories (ha)

Agricultural 1424.95 36 1797 0.79
Forestry 2399.38 61 424 5.66
Urban 93.48 2 395 0.24
Unproductive 0.35 0 2 0.17
Total 3918.16 100 2.618 1.49
Table 5 Land use of Vallecorsa
Land use Area (ha) Area (%) N. Patches
Forest 1,502.14 38 197
Shrubland 851.25 22 149
Olive grove 579.63 15 470
Uncultivated area 351.95 9 156
Meadows and arable land with trees 247.36 6 396
Meadows and arable land 145.89 4 338
Urban agglomerations and settlements 93.48 2 395
Hedges and trees 46 1 78
Vineyards 35.54 1 249
Meadows and arable land with trees and vines 19.55 0 43
Meadows and arable land with vines 16.06 0 52
Uncultivated area with trees 13.37 0 15
Meadows and arable land with olive trees 6.4 0 25
Vegetable gardens 3.25 0 34
Orchard 2.72 0 3
Vineyard with trees 2.51 0 13
Vineyard with olive trees 0.64 0 2
Surface waters 0.35 0 2
Meadows and arable land with vines and olive trees 0.09 0 1
Total 3918.16 100 2.618

The table (Table 4) shows the land use of the study area divided into macro-categories.
The table shows that the area is strongly characterised by agriculture (36%) and a high
incidence of forestry (61%). For the analysis of the forest component, see the table below
(Table 6) on the different forest species present in the study area.

Among the most common agricultural crops are: olive groves (15%); meadows and ara-
ble land with trees (6%); meadows and arable land (4%) and vineyards (1%). Urbanisation
covers only 2% of the municipal territory with the main urban agglomeration represented
by the centre of Vallecorsa. The majority of the population live in the city centre with few
urban expansion phenomena in the rest of the territory.

Although vineyards occupy only 35 hectares (Table 5), that is only 1% of the entire
municipal area, they play an interesting role in the landscape and its fragmentation. Indeed,
they are often associated with houses and urban agglomerations for family farming. This is
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Table 6 Forest species of the

Forest species Area (ha) Area (%)
study area

Holm oaks 619.33 41
Downy oak forests 593.42 40
Hornbeams 167.05 11
Chestnut groves 64.38 4
Shrublands and high scrub 22.69 2
Pseudo scrub 21.70

Pine forest 13.56 1
Total 1502.13 100

A comparison between the land use map given by the photointerpreta-
tion and the Geoportal of the Lazio region

confirmed by the high number of landscape patches (249) and their very small average size
of 0.14 hectares.

In the study area, the forest component plays an important role covering 61% of the
whole surface. For this reason it was decided to analyse which species are most present by
comparing the photo-interpretation carried out for the present study with the data gathered
from the Geoportal of the Lazio region. The Table 6 lists the main forest species present,
the area in hectares and the percentages with respect to the whole forest surface. The pre-
vailing forest vegetation is made up of holm oaks (41%), downy oaks (40%), hornbeams
(11%) and chestnuts groves (4%). Their characteristics and distribution are described in the
table according to the data of the GeoPortal of the Lazio Region.

The main function of these forest ecosystems is to protect the environment, nature and
landscape and to provide a refuge for wildlife as stated in the forest management and land-
use plan 2016-2025 of the Municipality of Vallecorsa. Considering that the woods in the
study area belong to the special protected area “Monti Ausoni ed Aurunci”’, these woods
are a natural habitat for a large number of wild animals, including species of Community
importance.

Terraced landscape

The map (Fig. 5) illustrates the terraced surfaces, including those defined as “ciglioni”,
present in the study area. Of the total municipal area, 666.57 hectares are terraced, repre-
senting about 17% of the total area and 33,05 hectares are “ciglionati” constituting another
1% of the total surface. The Table 7 further analyses all those land uses that are partly, even
minimally, terraced or “ciglionati”. In particular, 95% of the olive groves are terraced, thus
constituting the most terraced land use (Fig. 6).

Another significant percentage of terraces is present in the land use category of mead-
ows and arable land with trees, of which 25% is terraced (about 62 hectares) and 10% is
“ciglionato” (about 26 hectares). Although the category of meadows and arable land with
olive trees is less relevant in terms of surface area, representing only 6.40 hectares, it is
interesting to observe that more than half of its surface (52%) is terraced.

In a climatic and morphological context such as that of Vallecorsa, it is important to
underline that, in the absence of terracing, sparse vegetation would have developed with a
clear reduction in the local biodiversity and with potential hydrogeological hazards.
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Table 7 Terraced and “ciglionato” land uses distributed in decreasing order per hectare of terraced area

Land use Total area (ha) Terraced area (ha) Terraced Ciglion- Ciglionato
area (%) atoarea  area (%)
(ha)
Olive groves 579.63 547.92 95 0.96 0
Meadows and arable land with 247.36 62.34 25 25.78 10
trees
Uncultivated area 351.95 21.41 6
Uncultivated area with trees 13.37 7.29 55
Meadows and arable land 145.89 6.64 5 3.46 2
Meadows and arable land with 19.55 6.22 32 1.09 6
trees and vines
Meadows and arable land with 16.06 5.70 36 1.14 7
vines
Meadows and arable land with 6.40 3.32 52
olive trees
Shrubland 851.25 3.05 0.36
Vineyards 35.54 1.29 4 0.36 1
Vineyard with trees 2.51 1.19 47 0.26 11
Vegetable gardens 3.25 0.20 6
Totale complessivo 2,272.76 666.57 17 33.05 1

Fig. 6 Altitude of the municipal-
ity of Vallecorsa
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Table 8 Olive groves and

their average slope divided Land use Terraces Abandoned Slope mean (%)
into terFaced and abandoned Olive groves 16.7
categories
X 36.7
X 42
X X 50

Of the total 579.63 hectares of terraced olive groves in the Municipality of Vallecorsa,
94.04 hectares, corresponding to 16%, are in a state of abandonment. The data of the land
use analysis carried out for the present research confirm the data collected for the prepara-
tion of the nomination dossier of the terraced olive groves of Vallecorsa to the National
Register of Historic Rural Landscapes, which was carried out through photo-interpretation
of aerial images of 2012. The past analysis showed a total of 484.68 hectares of terraced
olive groves not in a state of abandonment, which is only slightly different from the current
area of terraced olive groves not in a state of abandonment, which is 485.59 hectares.

In particular, the Table 8 shows the average percentage slope of the olive groves distin-
guished according to the presence of terraces and their state of conservation (abandoned or
not). Terraces are most obviously encountered where the terrain is steepest. It is particu-
larly relevant to note that the highest average slope is found in abandoned terraced olive
groves, as it can be assumed that they are more difficult to access, even considering that
these can reach a maximum slope of 101%. The slope of the not terraced but abandoned
olive groves (36.7%) is lower than that of the terraced but not abandoned ones. Abandon-
ment in these cases may not be due to the high slope but rather to the inaccessibility of the
fields.

Vertical landscape and agrobiodiversity

By means of the DTM, it was possible to analyse the altimetric conformation of the valley,
which is open to the north and then surrounded by mountain ridges reaching a height of
one thousand metres along the eastern, western, and southern slopes (Fig. 7).

The diagram below (Fig. 8) analyses the main characteristics of the vertical landscape
of Vallecorsa. The section has been chosen in a particularly representative segment of the
agricultural landscape from which it is possible to appreciate a vast extension of terraced
olive groves and understand how they fit into the territory together with the other charac-
teristic elements of the landscape.

The summit segment, between 700 m a.s.l. and 1000 m a.s.l., is the area that was once
mainly devoted to pastoral activities and today consists mainly of forests, shrubs and uncul-
tivated areas.

Olive groves The section of the landscape that ranges on average between 340 and 650 m,
but reaches a maximum altitude of 776 m, is characterised by terraced olive groves that
create a horizontal pattern in the landscape. In particular, the area is characterised by olive
groves of an autochthonous cultivar called "Vallecorsana" featuring a low-density planting
system (less than 200 trees per hectare) and a low intensity of tillage. The Regional Agency
for the Development and Innovation of Lazio’s Agriculture (ARSIAL) includes the “Val-
lecorsana” in the census of local varieties of olive trees of the Lazio Region (ISPRA, 2017).
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VERTICAL LANDSCAPE OF VALLECORSA
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Fig.7 The vertical landscape of Vallecorsa divided by altitude bands and corresponding land uses and land-
scape elements

In addition to this native cultivar, which is found exclusively in the study area, there are also
the “Carboncella” and “Itrana” varieties, which are also widespread in neighbouring areas.

Despite most of the terraces host almost exclusively olive trees, it is possible to find,
especially where slopes are not particularly steep, rows of vines placed in combination
with olive trees to perimeter the terraced area by using the Guyot method. Moreover,
among the terraces, there are also numerous spontaneous plants that find space together
with the olive groves. Among these are figs, prickly pears, cherries, pears, apples,
peaches, apricots, hazelnuts, walnuts, and plum trees.

Among the terraced olive groves there are also sheep and goats, which were once the
backbone of the inhabitants of Vallecorsa and performed important ecological functions
such as the natural fertilisation of the soil. Today, there are a total of about 500 sheep and
goats throughout the study area.

Arable land The valley bottom, that ranges between 340 m (east side) and 250 m (west
side), is constituted by the ciglionato landscape of arable land, vineyards, and vegetable
gardens. The largest ciglionato landscape still maintain the characteristics of the arable
land, while the narrower ones are now mostly used for family viticulture (Carallo and De
Pasquale 2018).

In addition to the above-mentioned sheep and goats, according to ISTAT data from
the 2010 agricultural census, for family and local production, there are 193 cattle, 28
buffaloes, 114 horses, 423 sheep, 75 goats, 6 pigs, 20,464 chickens and 125 rabbits in
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Fig.8 The landscape complexity of the municipality of Vallecorsa

the entire municipality. This figure is significant for local agro-biodiversity but suggests
that livestock farming does not play a significant role in the local economy.

The map below (Fig. 8) shows the landscape complexity, obtained from a further elabo-
ration of the land use map based on 1 ha hexagonal grid. The complexity is identified by
a bivariate scale, thus intersecting two different information in a single legend: the first
information (on a white-to-blue scale) shows the number of patches that fall, even partially,
within the specific hexagon; the second information (on a white-to-orange scale) shows the
unique land use that can be found in that hexagon. The intersection of these two legends
provides a sufficiently accurate descriptive picture of the complexity of the landscape.
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Fig.9 Map of the dynamics of landscape evolution, Application dossier to the National Register of Historic
Rural Landscape

It is not possible to have more number of land uses than the total number of patches. On
the other hand, the number of land uses may be less than the number of patches if, within a
hexagon, more than one patch has the same land use.

As shown, the most complex areas are found on the valley floor, but this gradually
decreases along the slopes to an extremely low level of complexity in the highest areas.
This result is in fact explained by the fact that, as emerged from the analysis of land use
and vertical distribution of agrobiodiversity, landscape belts at higher altitudes are mainly
characterised by four main land uses (forest, shrubland and terraced olive groves) and very
large patches.

Multitemporal analysis

The map in Fig. 9 shows the result of the dynamic analysis for the period 1954-2012.
The landscape of the area considered in this analysis in 1954 was mainly covered by
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DYNAMICS OF LANDSCAPE EVOLUTION
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Fig. 10 Dynamics of landscape evolution

terraced olive groves (620 ha), while the remaining 100 ha were mostly uncultivated
(50 ha). Forests have a marginal presence and therefore a minor role in the local tradi-
tional landscape. The analysis of the dynamics highlighted that most of the olive groves
still characterize the slopes, even if some of them are currently classified as abandoned
olive groves, as they are no more regularly managed for olive production, no regularly
pruned and invaded by shrubs.

The conifer reforestation occupies a single, continuous area in the centre of the site,
while secondary succession can be found scattered throughout the site. These new veg-
etal formations are very different, not only due to the characteristics of their structure
or to the species, but also for their origin. Pine forests are artificially planted during the
1960s, while natural reforestation processes are a consequence of the abandonment of
cultivated areas and of the secondary successions.

The intensification dynamic is nearly absent in the site, since the soil and the mor-
phology do not allows the development of modern olive plantations with high den-
sity and irrigation. The extensification dynamic concerns some small areas scattered
throughout the site area. Finally, urbanisation processes have involved areas adjacent to
the main road, forming small scattered settlements, even if it is important to underline
that the main urbanization processes are found near the medieval town of Vallecorsa.

The graph in Fig. 10 shows important data about the evolution of the terraced land-
scape. 71% of the area results unchanged (65% unchanged olive groves, 6% other land
uses). The second dynamic by coverage is the permanence of olive groves in a state
of abandonment (12%), a result that highlights the already mentioned problem of the
abandonment phenomenon and the fact that this trend was already started in 1954. The
graph shows the presence of conifer reforestation on the 3% of the considered area, cor-
responding to an artificial plantation of Pinus spp. that have been carried out during the
second half of the last century; this dynamic involved mostly surfaces uncultivated in
1954, since those where the most dangerous surfaces for hydrogeological risks and one
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Fig. 11 Dry-stone walls among
boulders

of the aims of these afforestation interventions was to stabilize the slopes, along with
other important social purposes, including maintaining the employment of local resi-
dents (Fig. 11).

Finally, it is relevant to underline the increase of urban areas (3%). This increase
appears particularly significant, as it occurred in an area that in the 50 s of the last cen-
tury was essentially lacking in road infrastructure and the built-up area was represented
by very modest rural dwellings, and also because this data underestimate the overall
urbanization occurred in the municipality area as it does not consider the area near the
historic town.

Biodiversity

The varied mosaic of the landscape that characterizes the territory, generated by the
alternation of different microclimates, cultivations, and plant communities, creates the
ideal conditions to host a large number of animal species, in many cases of great natu-
ralistic interest as endemic species of the Mediterranean area.

The table (Table 9) indicates the most representative species of the territory, and in
particular those concerning terraces and dry-stone walls (Fig. 11), some of which cor-
respond to those included in the Natura 2000 Network of the Lazio Region. The pres-
ence of the species listed in the table, which is not exhaustive, derives from a cross
comparison between the Flora and fauna biodiversity list in Annex I of the Standard
Data Form of the Special Protection Area (SPA) “Monti Ausoni e Aurunci’, the data
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collected through precise observations, interviews with the local population and the par-
agraphs on local fauna of the application dossier for the National Register of Historic
Rural Landscapes.

Conclusions

The research presents an investigation about the land use structure of Vallecorsa, with a
particular focus on its terraced landscape and its relationship with the state of biodiversity.
The study area represents a unique environment where the local community has gener-
ated a sustainable agricultural system that respects nature and landscape, maintaining tradi-
tional agricultural practices. The land use study has shown that the territory has maintained
over time the characteristics of a traditional agricultural landscape strongly characterised
by a high diversity of land uses and a high number of landscape patches, especially on the
valley floor. The diversified and fragmented landscape, due to the uneven morphology, the
highly parcelled land ownership, and the presence of many different crops, has created a
diverse environment characterised by a high degree of complexity and landscape biodiver-
sity, especially on the valley floor. On the other hand, ascending along the valley ridges, the
biodiversity of the area is mainly characterised by terraced olive groves, i.e., the different
olive cultivars, wild fruit trees and the biodiversity of dry-stone walls.

Terraces and “ciglioni” cover 17.86% of the study area and they are mainly occupied by
olive groves. The construction of terraces and dry-stone walls to make room for crops has
been man’s way of trying to adapt to hostile environments over time and they represent an
expression of the biocultural diversity of the area. Dry-stone walls provide breeding and
roosting sites for local fauna and can be a refuge for local plants that bloom between the
cavities. They represent an ecological corridor, along with hedges and land cover heteroge-
neity and, in addition to the environmental benefits they provide, they have also been iden-
tified as traditional traits supporting the characterization of cultural landscapes (Agnoletti,
2015). Since the 1980s, the role that dry-stone walls play in the prosperity and prolifera-
tion of many species has begun to be explored in greater depth in the literature, but many
specific studies still remain to be carried out (Darlington et al. 1981) and a detailed study
comparing the biodiversity between Vallecorsa terraced olive groves and not-terraced olive
groves could be developed in the future for further study.

The abandonment of rural areas, and in particular of terraced surfaces, represents a
threat to the integrity of the traditional agricultural landscape. If not properly maintained,
terraces and dry-stone walls risk to collapse thus creating problems in terms of their capac-
ity to retain excessive runoff water and prevent hydrological hazards (Tarolli et al. 2014).
In the specific case of Vallecorsa, approximately 16% of the terraces are in a state of aban-
donment. Among the main reasons, it is possible to enumerate the ageing of the popula-
tion, youth migration, high maintenance costs and limited accessibility of the fields. Land
abandonment interraced land scapes has several multidimensional impacts, among others,
the impoverishment of agrobiodiversity and the loss of autochthonous varieties (Varotto
et al. 2019). In order to overcome the challenges that traditional agricultural landscapes are
experiencing, the inclusion of the study area in the list of the FAO Programme for Globally
Important Agricultural Heritage Systems (GIAHS), and the development of a participatory
action plan involving all stakeholders, would help the conservation and enhancement of the
territory and its biocultural heritage.
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