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Abstract – A study on the Sicilian avifauna changes and its existing connections with the land use variations has been carried out from the
80s till today. We compared the Sicilian ornithological data acquired from the atlas maps with the regional land use maps data. We examined the land use variations and the distribution changes of some bird species on a regional level. To this aim, we analyzed the spatial distribution data of the birds in the period from 1984-1992 and 1993-2006. Moreover we examined the land use data of the period going from
1987-1988 and 1993-2000. After a preliminary analysis, we selected target species linked to different environments. Forest: Great spotted Woodpecker Dendrocopos major, Mistle Thrush Turdus viscivorus, Long-eared Owl Asio otus, Eurasian Nuthatch Sitta europaea,
Marsh Tit Poecile palustris siculus ; scrub and bush: Red-backed Shrike Lanius collurio, arable and grazing land: Greater short-toed Lark
Calandrella brachydactyla, Calandra Lark Melanocorypha calandra; complex systems, olive grove and almond trees: European Roller
Coracias garrulus, Woodchat Shrike Lanius senator. The distribution changes of these species in the examined periods were significant
and they were not linked to the demography of the species nor to the major or minor level of exploration of the island. According to the
results, it is obvious that, for these species, there is a clear connection between the land use changes and the distribution variations. Other
species manifested changes that seemed to be linked to demographic trends, which involved the distribution of these species (for example
the diffusion of the Wood Pigeon Columba palumbus). None of the existing changes could be unequivocally related to climate change.
Key-words: agriculture, climate change, demographic changes, forests, landscape, birds.

Introduction and purposes
Agriculture and forestry activities have a key role in the
conservation of biodiversity in the countries where the
ecosystems underwent a massive change. These two activities were and still are the main factors of alteration of the
territory (La Mantia 2009). In the last decades, in Italy and
in Europe, farming systems have been evolving towards
opposite directions (Ales et al. 1992, Genghini 2008): 1)
productive intensification and simplification in the suitable
areas, for example in the plains and low hill areas, with
the spread of monoculture agrosystems, which are ecologically weak and sometimes harmful for the environment;
2) marginalization/extensification (abandonment), especially mountain areas (Sluiter & de Jong 2007). They are
characterized by polyculture agrosystems and grazing, that
can lead to reforestation and natural recovery of the native vegetation after abandonment. This aspect led to the
extension of forestry areas and more often of shrubbery
and scrublands, that altered significantly the landscape and
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the inner relations between the ecosystems (Moreira &
Russo 2007), especially in the islands (Coreau & Martin
2007) and in agroforestry systems (La Mantia et al. 2007,
2008, Rühl et al. 2011). According to BirdLife International (2004) 20% of birds, which are worthy of protection
according to the European level, are linked to agricultural
environment. “The EU Biodiversity Action Plan” (European Union 2010) underlined some changes in the number
of the common bird species in Europe between 1990 and
2006 (in particular they include Passeriformes and ecologically similar species, namely Columbiformes, Cuculiformes, Apodiformes, Coraciiformes, Piciformes) and reports a significant reduction in their number.
Even in Sicily, especially in the 50s, the agricultural
activities changed significantly as a consequence of an unprecedented technological revolution. These changes led
to the introduction of more and more intensive farming
techniques, with a greater impact on farmlands and wildlife (La Mantia & Barbera 2003, Massa & La Mantia 2007,
Massa et al. 2008). The environmental changes are often
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relatively faster, compared to the adaptation time of the
majority of the most sensitive species. It depends on several spatial, dimensional and ecological parameters (surface,
shape, structure and spatial articulation, level of connections of the habitat remaining fragments) (Apan 2000).
The in-depth analysis of the ecological relations between animal communities and the environment to which
they belong, requires both quantitative and qualitative data
on the population that is going to be studied, and information regarding the environment where the population is examined (Beecher et al. 2002). The exact relation between
the characteristics of the animal community and the environment is broadly known and studied. Among the communities of wild animals, birds are perfect ecological indicators for several reasons: 1) relative widespread presence;
2) close connection between some species and their habitat; 3) easy to detect; 4) highly sensitive to disturbing factors.
Although birds belong to the most common animal
species, in the agroecosystems they do encounter some
disadvantages, for example the lack of nesting areas, composite woods and wetlands. However, they are the biggest vertebrates in the farming and forestry systems both
as species and as individuals. This is basically due to the
ecological plasticity of different species, which are able to
use the resources of agro-forestry environments not only
for foraging purpose but also for reproductive functions.
This is why an in-depth analysis is essential for the relation
between avifauna and habitat. As regards the study of the
connection between the agricultural environment (sensu
lato) and the conservation of biodiversity, a careful evaluation of the environmental context in terms of habitat is
particularly important. It must take into account the specific interactions between environment (deeply modified by
continuous human actions) and living organisms.
This research aims at pinpointing and evaluating the
relations between farming and forestry systems and ornithological communities in the Sicily island, in particular
the land use variations and the distribution of avifauna on
a regional level.
Methods
Faunal data
Faunal data were gathered from the ornithological atlases of Sicily (Massa 1985, Lo Valvo et al. 1993, AA.VV.
2008) which provide information both on current and historical presence of the species, and on the dynamics of occupied surface as well. The Atlas shows a map of the distribution on the Sicilian territory for each species, with a
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UTM grid system (side: 10 Km). Atlas data are used for the
creation of geo-referenced distribution maps and they are
linked to spatial and alphanumeric data for a GIS project.
The atlas published in 1993 (Lo Valvo et al. 1993) indicated a quadrant in which the examined species was present (certain, probable or possible breeding) in the periods
1979-83 and 1984-1992 and in the period 1984-92 but not
in the period 1979-83. The Atlas published in 2008 (AA.
VV. 2008) identified all the quadrants in which each species were present or absent during 1993-2006 and 19792006. The project MITO2006 (Monitoraggio ITaliano
Ornitologico: Italian Ornithological Monitoring) provided data used for identifying the trend on a national level
in 2000-2010 (Rete Rurale Nazionale & Lipu 2011) and
2000-2011 (Campedelli et al. 2012). Data were collected in order to create avifauna distribution maps for a GIS
project.
Specific maps were created for each species: one
linked to the presence of the species in 1984-1992 and one
linked to the presence of the species in 2006. The overlap
of these two punctual topics produced three possible situations for each quadrants: 1) quadrants that show exclusively the presence of the species between 1984 and 1992 (disappeared after 1992); 2) quadrants in which there are two
points that show the presence of the species between 1984
and 1992 and in 1993-2006; 3) quadrants which include
only one point that indicates the presence of the species in
1993-2006 (appeared after 1993).
The analysis was conducted on some species after a
preliminary analysis (cf. Choice of bird species).
Data on land use
The GIS project (Geographical Information System) enabled the study of information that was included in some
digital maps concerning the land use on a regional level.
Programs used for the research were ArcView and ArcMap
of ESRI. The overlap of informative levels, regarding different years, enabled the evaluation of space-time changes
of farming and forestry systems on a large scale (Maetzke et al. 2008, Rocchini et al. 2005, Roy & Tomar 2000).
The land use change was examined according to the following documents:
• “Corine Land Cover 2000” Map of the regional territory (scale 1:100,000) (APAT 2005);
• Regional Map on land use in the years from 1987-88,
scale 1:250,000.
The study of the ornithological species linked to the
forestry systems required a more detailed classification of
the forestry land use. Data from Informative Forestry Regional System 2011 (Camerano et al. 2011) were used for
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this analysis. The information included in these documents
enabled the following distinctions: 1) Eucalyptus broadleaves within the broadleaves class; 2) reforestation of conifers within conifers class.
Interaction of ornithological and land use data
The comparison between the maps regarding birds and the
two regarding the land use (1987-88 and 2000) made it
possible to carry out the study on the land use data and
the distribution of the species data within a GIS environment, overlapping different informative levels. Moreover,
it identified the following information: 1) 1987-88 land
use in the quadrants where the species disappeared after
1992; 2) land use of 2000 in the quadrants where the species disappeared after 1992; 3) land use in 1987-88 in the
quadrants where the species was present both in 1984-92
and 1993-2006; 4) land use of 2000 in the quadrants where
the species was present both in 1984-92 and 1993-2006;
5) land use of 1987-88 in the quadrants where the species
appeared after 1992 for the first time; 6) 2000 land use in
the quadrants where the species appeared after 1992 for
the first time.
Results were analyzed in two different moments: 1)
overall evaluation of landscape and identification of big
changes and 2) analysis of the specific changes in the interested areas. In this phase, specific tables were created in
order to show the land use variations between 1987-88 and
2000 in the areas where the species disappeared, appeared
and persisted. Beyond the changes of total surface, changes of the medium surface of farming patches were evaluated.
Result and Discussion
Land use variations
Although the Keys regarding the two documents on the
land use are very similar, in the Table 1 some definitions
were put together in order to create an exact match between the classes.
Here some clarifications. Protected crops and vegetable garden classes from the years 1987-88 are irrelevant
and are not present in the Corine Land Cover 2000. The
overlap of the digital maps showed that in 1987-88 this
land use class is included in non irrigated arable areas of
the Corine Land Cover 2000. However, greenhouses and
crop field vegetables are widely spread especially in the
Ragusa province and have altered precious habitats so that
now it is possible to consider them as ecologically poor
and instable (La Mantia & Barbera 2003). For this reason
the evaluation of the arable lands must be modified be-

cause it is inappropriate and improper. “Permanent farming and particle systems” are a mosaic of small plots of
land with different annual crops, permanent meadows and
crops, which are less than 75% of the total surface of the
unit. They have, or we should say had, a key ecological
role (La Mantia 1997). Currently this category often includes protected crops and urban fragmented agriculture
which is undermined by urban development (La Mantia &
Barbera 2003).
Broadleaves are divided in “broadleaves” and “eucalyptus broadleaves”, as it is shown in materials and methods. Conifers are divided in “ripe conifers” (they are usually local pine forests that have an essential ecological role)
and “reforestation conifers”
Choice of bird species
Depending on the observation period (1984-2006), each
species has quadrants in which it disappears (observed only in the years 1984-92), where it endures throughout the
examined period (1984-92 and 1993-2006) and where at
the beginning it is not found but it appears later (observed
in 1993-2006 but not in 1984-92).
The selection of the target species was made according
to the following criteria: 1) large variation of its spatial distribution during the observed period, taking into account
also the previous atlas data (Massa 1985); 2) some species
were more interesting because of their rarity in the entire
regional territory.
The observed land use were: 1) “Low natural forest
systems” that include eucalyptus, conifers reforestation,
mixed forests and partially wooded areas; 2) “high natural
forest systems” that include non-eucalyptus broadleaves
and ripe conifers (pine forests of black pine trees that are
situated in the area of Monte Etna, localized natural pine
forests, wrecks of Aleppo pines and maritime pines) (Camerano et al. 2011); “Bush and scrublands” is a greenery
category which is widespread due to the frequent disturb
by forest vegetation. “Arable and grazing” land use was an
historical characteristic of Sicily and it has led to the creation of complex ecological networks, which are currently
completely altered (Massa & La Mantia 2007, 2010) by
use and technique changes (La Mantia & Barbera 2003);
“Complex systems, almond and olive groves” suffered
from the same fate of the previous category.
In ESM 1 (Electronic Supplementary Material) there
is a summary of a first evaluation regarding forest species
linked to wood systems. The evaluation pinpointed the
right indicators thanks to recent surveys (La Mantia et al.
in press). There are 42 species, of which two are endemic
subspecies.
These species have a specific connection with some
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classes of land use that were broadly altered during the
observed period, in terms of surface (Tab. 1) or in “ecological” terms (for example farming systems) (La Mantia & Barbera 2003). As regards forest species, they are
spreading at an unprecedented speed; these species are
Mistle Thrush, Long-eared Owl and Great spotted Woodpecker. The quadrants where these species appeared were
studied and evaluated. The same evaluation was done for
the Marsh Tit and the Eurasian Nuthatch, although their
growth might probably be related to the improvement in
exploration. It must be underlined how the Sicilian species ecology of today has many differences compared to
the same species that are present on the continental Italy;
for example in Italy Mistle Thrush and Eurasian Nuthatch
can be found also in orchards and urban parks (Brichetti &
Fracasso 2008). This is the proof that it is impossible to use
valid indicators for all the geographical areas where these
species are to be found: “Defining a bird species as a ‘forest’ one is often troublesome, owing to the lack of overall
ecological knowledge and to differences among regions”
(Londi et al. 2009).
The Red-backed Shrike is linked to bush and scrublands and has a limited area of concentration. Concerning
this species, both the quadrants where the species was detected and the quadrants where the species was no longer found were studied. This species has always been relatively uncommon in Sicily and this is why it is difficult
to make some evaluations. However, a monitoring of this
species could be very interesting, because it is decreasing
in Europe and in Italy.
As far as species linked to arable lands with a strong
negative trend in distribution are concerned, the Greater
Short-toed Lark and Calandra Lark quadrants, in which
they both disappear, were examined and evaluated. In conclusion, in regards to the Woodchat Shrike and the European Roller, which are both species linked to complex systems and dry tree crops, their population is decreasing and
it has appeared throughout the examined period.
Species linked to forest environment
Great Spotted Woodpecker Dendrocopos major
This species was observed in 134 quadrants. In particular it appeared in 74 quadrants, persisted in 53 and disappeared in 7. In the 74 quadrants where the species appeared, scrublands and broadleaf forests are the most common classes of forest land use. These are the classes that
made a positive variations during 1987-88 and 2000 (Tab.
2). Among the mostly altered farming classes (–35.949 ha)
there are to be found: complex systems (–35.949 ha), almond groves (–12.620 ha) and grazing lands (–11.960 ha).
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This is an indicator of the desertion of traditional farming activities. The distinction between eucalyptus broadleaves and general broadleaves is essential in order to evaluate the importance of eucalyptus trees, which go from
264 ha to 7,140 ha in the quadrants where the woodpecker
lives. This species extended its diffusion area, reaching eucalyptus trees which are slowly spreading (La Mantia et
al. 2002). The Great spotted Woodpecker has instead been
favored by the expansion of eucalyptus trees and probably
by the expansion of Cerambycidae, since it feeds on its larvae. The areas in which it appeared are characterized by
the abandonment of traditional crops (complex systems,
grazing and almond groves), the persistence of intensive
crops (arable land, olive groves, vineyards, orchards) but,
above all, by the increase in reforestation. The presence
in conifer forest areas is moderate and did not experience
significant variations. The reduction of ripe conifers is followed by an increase in reforestations. In conclusion we
must underline the reduction of partially wooded forests
(–9.401 ha).
Ientile & Massa (2008) think that it has rapidly grown
in comparison with the previous decades (Massa 1985, Lo
Valvo et al. 1993). Coherently in Italy it is in “sharply increase” (Rete Rurale Nazionale & LIPU 2011) or moderate
increase (Campedelli et al. 2012).
Mistle Thrush Turdus viscivorus
This species was found in 60 quadrants. In particular it appeared in 31 quadrants, persisted in 23 and disappeared
in 6. Variations of land use of this species were evaluated in the quadrants where it appeared. In these quadrants,
scrublands and broadleaved forests are the most common
classes of land use (Fig. 1, ESM 2). In this area the scrubland is increasing (it has doubled in 2000 in comparison
with 1987). Broadleaved forests doubled as well. Grazing
and arable lands are significantly decreasing. The slight increase in conifers is due to the diffusion of reforestations.
The Mistle Thrush finds a suitable habitat in those areas where there has been a significant increase in deciduous
and bushes at the expense of pasture and arable land. It has
been therefore favored by the positive trend of the forests
(deciduous, mixed forests, conifer reforestation in naturalization) and the persistence of tree crops such as orchards
and olive groves, which probably play an important role in
the diet of the species. We would point out that this species
in Sicily has a different ecology compared to the ecology
in other areas where it lives; in fact, in northern Italy and in
Europe, it also lives in suburban environments (Brichetti &
Fracasso 2008), while in Sicily it is strongly linked to natural or naturalized forests.
Among the non-herbaceous land uses there are: olive
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Table 1. Correspondence between the land use classes of the map of the years 1987-88 and 2000 (ha).
Land use classes used
in the current study

Land use classes in 87’- 88’

Land use classes in 2000

Arable

Dry crops

Non irrigated arable areas

Protected crops and vegetable garden
Grazing

Grazing

Natural grazing areas and high altitude meadows

Uncultivated
Complex systems

Farming and complex particle system

Associated annual crops and permanent crops

Arable related to Vineyard

Permanent farming and particle system

Mixed woody crops

Areas manly occupied by crops with natural vegetation

Almond groves

Almond groves

Olive groves

Olive groves

Variations
87/2000
–5,182
–50,233

–150,881
–20,788

Olive tree groves

Olive groves with other woody

–11,607

Vineyard

Vineyard

Vineyards

9,784

Orchard

Citrus Grove

Orchard and minor orchard

11,147

Broadleaves

Broadleaves

Broadleaf forests

56,372

Conifers

Conifers

Conifer forests

6,848

Mixed Forest

Mixed Forest

Mixed Forests

7,963

Partially wooded areas

Partially wooded areas

Areas with wooded and shrubed vegetation

Bush and shrublands

Bush and shrublands

Areas with Sclerophyllous vegetation
Moor and shrublands

Sparse vegetation

Eroding areas

Areas with sparse vegetation
Bare rocks, cliffs, outcrops

Urban environments
and infrastuctures

Dense environment

Regular urban environment

Sparse environment

Irregular urban environment

–37,725
164,713
–8,249

Farming centers
Building areas

Buildind site

Landfill

Landfill

Generic Infrastructures

Road Networks

Industrial Areas

Industrial and commercial Areas

Airports

Airports

Harbor areas

Harbor areas

Mines

Mines

Green urban areas

Green urban areas

Archeological areas

Sport areas

Beaches

Beaches

Beaches

Saltworks

Saltworks

Saltworks

Watercourses

Riverbeds

Watercourses

Water basins

Natural Lakes

Water basins

Green urban areas

Artificial lakes
Marshes

Marshes

Inland wetlands
Salty wetlands

Coastal lakes

Coastal lakes

Lagoon

25,143

291
–434
–2,204
10
578
–223
–32
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Table 2. Land use (ha) variations (%) (years 1987-2000) in the 74 quadrants in which the Great Spotted Woodpecker appeared.
Land use classes

1987

2000

Variations

Arable
Grazing
Complex System
Almond grove
Olive grove
Vineyard
Orchard
Broadleaves
Eucalyptus broadleaves
Ripe conifers
Reforestation conifers
Mixed forest
Partially wooded areas
Bush and scrubland
Sparse vegetation
Urban environments and infrastructures
Green urban areas
Beaches
Watercourses
Water basins
Marsh

220,730
95,492
114,543
12,620
64,664
26,170
34,588
24,664
264
3,136
2,369
5,797
24,506
33,735
11,203
20,587
103
146
2,277
828
247

217,784
83,532
78,594
62,803
26,514
39,032
36,289
7,140
1,648
3,292
8,575
15,105
81,668
7,045
26,347
129
146
1,564
1,017
199

–1
–13
–31
–100
–3
1
13
47
2605
–47
39
48
–38
142
–37
28
26
0
–31
23
–19

Total

698,668

698,424

0

groves (they increased from 9.3% to 10.4%), orchards (stable at 9%), complex farming systems (they decreased from
10.5% to 9.1%), partially wooded areas (they decreased
from 8.5 to 6.9 %), mixed forests (they increased from 1.9
to 2.5 %). It is notable that the above mentioned classes did

not have remarkable variations. Landscape changes can be
associated mainly with the naturalization of the grazing-arable process and with the complex farming system, which
is highlighted by the negative trend of the urban areas, that
probably belong to this category. Ientile & Massa (2008)

70000
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40000
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30000
20000

Land use classes
Figure 1. Land use variations (years 1987 and 2000) in 31 quadrants where the Mistle Thrush appeared.
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think that this trend has been “recently increasing” in comparison to the previous decades (Massa 1985, Lo Valvo et
al. 1993). On the contrary in Italy it is “stable” (Rural National Network & LIPU 2011) or moderate (Campedelli et
al. 2012). The Italian red list of breeding birds (Peronace
et al. 2012) considers this trend as “a minor concern”.
Long-eared Owl Asio otus
This species was found in 28 quadrants. In particular it appeared in 23 quadrants, disappeared in 4 and persisted in
1. The analysis examined the 23 quadrants where the species appeared (Fig. 2) (ESM 3). The study highlights the
high heterogeneity of the environment in these areas. In the
observed quadrants there is no ruling class, but there is a
combination of uses, as it was demonstrated by the studies
carried out on the species present in the island (Siracusa et
al. 1996). Among the classes with the largest extension,
the arable one had the highest percentage of variation from
1987 to 2000. It decreased from 26.2 to 23.5%. As regards
grazing, it decreased from 21.8 % to 13%. Broadleaves
significantly increased from 8.9 to 13.1 %, as well as bush
and scrublands which increased from 3.5 to 14.6 %. On
the contrary, partially wooded areas and sparse vegetation
have decreased respectively from 9% to 6.6% and from
3.3% to 2.1%. Among the farming classes with remarkable
extension that did not have any significant variations there
are to be found: complex farming systems, orchards and
olive groves. The complex farming system was the most
common non-herbaceous system, which remained stable at
9%. As regards vineyard areas, they were moderate.
The Long-eared Owl seems to prefer heterogeneous
environments characterized by the reforestation of pines

(the species has bred in Malta just recently in a forest of
Aleppo pine: Sultana et al. 2011) or even large bush-scrub
surfaces and broadleaf ecosystems in which there are also
open habitats (arable, grazing, partially wooded areas) and
traditional cropping systems that provide shelter and food
to many of its prey (mainly rodents). Recently it was also
found in uncultivated olive groves (A. and T. La Mantia,
pers. obs.). The Italian red list of breeding birds (Peronace
et al. 2012) considers it as “a minor concern”.
Eurasian Nuthatch Sitta europaea
This species was found in 34 quadrants. In particular it appeared in 17 quadrants, persisted in 15 and disappeared in
2. The analysis (Fig. 3) (ESM 4) concerns 17 quadrants,
where the species appeared. Broadleaves are the most
common forest class. Besides this class, partially wooded
areas and mixed forests are well-distributed. Conifers are
almost absent. The analysis on land use variations of forestry systems shows that broadleaves doubled from 12,691
ha to 26,055 ha. The distinction between eucalyptus broadleaves and general broadleaves underlines how the presence of eucalyptus is irrelevant. Partially wooded forests
and sparse vegetations decreased (respectively –3,755 ha
and –2,555 ha). Among the most common herbaceous
farming classes there are: orchards, complex systems and
olive groves. Grazing is the only remarkable herbaceous
farming class. Among the most notable farming systems,
complex systems and orchards have a positive trend, grazing and olive groves have instead a negative trend. Grazing
areas halved (–23,676 ha) due to the significant increase in
bush and scrublands (+19,451 ha) caused by the abandonment of pasture activities in the mountainous areas (Falci
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Figure 2. Land use variations (years 1987 and 2000) in 23 quadrants where Long-eared Owl appeared.

73

50000
45000
40000
35000
30000
25000
20000
15000
10000
5000
0

1987

Other

Eucalyptus broadleaves

Vineyard

Reforestation conifers

Conifers

Sparse vegetation

Mixed forest

Bush and scrublands

Broadleaves

Complex systems

Olive groves

Arable

Orchard

Partially wooded areas

2000

Grazing

Ha

La Mantia et al.

Land use classes
Figure 3. Land use variations (years 1987 and 2000) in 17 quadrants where Eurasian Nuthatch appeared.

Marsh Tit Poecile palustris siculus
This species was found only in 6 quadrants: it appeared in
5 and persisted in 1. The analysis concerns 5 quadrants,
where the species appeared (Fig. 4) (ESM 5). Broadleaf
forests are the most common class. There are no relevant
eucalyptus trees and conifer forests. The analysis on land
use variations of forestry systems shows that: 1) broadleaves increase significantly from 8,935 ha to 15,008 ha,
becoming the class with the largest surface ever; 2) partially wooded areas halved from 13,894 ha to 5,987; 3) mixed
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et al. 2012). This increase is probably due to the increase
of samplers; the Eurasian Nuthatch in Sicily is in fact
linked to the deciduous old forests (which do not include
eucalyptus forests and reforestation in general).
Ientile & Massa (2008) write how “its positive variation is mainly due to a better coverage of the Peloritani
area”. In Italy it is considered “stable” (Rete Rurale Nazio
nale & LIPU 2011) or moderate (Campedelli et al. 2012).
The Italian red list of breeding birds (Peronace et al. 2012)
considers it as “a minor concern”.

Land use classes
Figure 4. Land use variations (years 1987 and 2000) in the 5 quadrants in which the Sicilian Marsh Tit appeared.
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forests tripled their extension. Among non-herbaceous
farming classes, olive groves and orchards are stable,
while complex systems have a positive trend. Arable and
grazing decreased respectively by 40% and by 48%. Their
decrease is linked to a significant enlargement of bush and
scrubland areas, which increased from 184 to 7,787 ha.
As for the Eurasian Nuthatch, the growth of this species
is probably due to the improvement in explorations. Studies confirm that this species is connected to ripe forests as
well. Ientile & Massa (2008) think that the limited populations were not detected in the past; instead in Italy the subspecies palustris is considered “stable” (Rete Rurale Nazionale & LIPU 2011, Campedelli et al. 2012). The Italian
red list of breeding birds (Peronace et al. 2012) consider it
as “a minor concern”.
This subspecies, together with Aegithalos caudatus
siculus (Whitaker 1901) and Alectoris graeca whitakeri,
is one of the only three endemic bird subspecies present in
Sicily.
Bush and scrubland environment related species
Red-backed Shrike Lanius collurio
The species was observed in 24 different quadrants: it appeared in 16, disappeared in 6 and persisted in 2. The analysis on the data of the different land uses in the quadrants
where the species is involved, have underlined that the

species is strictly linked to an eco-mosaic environment in
which the most common types are: the broadleaf forests,
the partially wooded areas and the grazing land (Tab. 3). In
these areas a general increase in broadleaf forests, scrublands and complex farming systems was recorded, while
there has been a decrease in areas such as: arable lands and
partially wooded areas. In the quadrants in which the species disappeared (Tab. 3) a light drop in partially wooded
areas, going from 15.9% to 12.9%, was observed. However in conjunction with this drop, a significant increase in
the average surface of plots of land was registered (165.7
ha in 1987 and 223.9 ha in 2000). Grazing decreased from
31.7% to 15.4%, while the share concerning arable lands
is entirely negligible, amounting at 8% in 2000. The higher
increase was registered within the broadleaf forests reaching a 20.8%, considered to be significantly higher compared to those of the scrubland that doesn’t exceed 14.6%.
In the quadrants where the species is not present (Tab. 3)
the partially wooded areas nearly disappeared going from
11% to 0.9%. This decrease also leads to a reduction of the
average surface (182.5 ha in ‘87 and 76.6 ha in 2000). The
typologies that have shown the highest increase were the
mixed forest and the scrublands. Between 1987 and 2000,
scrublands have reached a higher percentage (21.7%) compared to the broadleaf forest (16.8%). The analysis has underscored that the Red-backed Shrike favors habitats characterized by broadleaf forests with wide partially wooded

Table 3. Land use (ha) variations (%) (years 1987-2000) in the 16 quadrants in which the Red-back Shrike appeared or disappeared.
Different land use

Appeared

Disappeared

1987

2000

Variations

1987

2000

Variations

Arable
Grazing
Complex Systems
Almond Groves
Olive Groves
Vineyard
Orchard
Broadleaves
Conifers
Mixed forest
Partially wooded areas
Bush and scrublands
Sparse vegetation
Urban environments
and infrastructures
Watercourses

19,495.6
51,043.4
11,084.4
63.3
7,949.7
1,647.6
8,857.9
11,855.5
1,142.9
7,762.3
25,685.9
8,064.1
2,272.1
3,527.7

14,173
24,826
16,045
0
4,056
145
9,846
33,601
909
7,115
20,820
23,505
1,130
4,093,4

–27.3
–51.4
44.8
–100.0
–49.0
–91.2
11.2
183.4
–20.5
–8.3
–18.9
191.5
–50.3
16.0

17,051.9
9,589.7
1,416.8
4,929.7
41.8
298.2
7,323.3
0.0
300.6
6,751.6
7,326.9
5,326.9
1,152.1
32.8

13,393.8
8,276.2
2,912.5
5,142.7
0.1
262.7
10,353.0
159.0
1,921.8
536.3
13,364.0
3,859.1
1,252.8
34.3

–21.5
–13.7
105.6
4.3
–99.9
–11.9
41.4

821.1

1,035

26.0

61,542.2

61,468.0

–21.5

Total

161,273.5

161,298.8

17,051.9

13,393.8

539.3
–92.1
82.4
–27.6
8.7
4.6
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areas. The comparison between the percentage of land use
variations of the quadrants where the species was observed
from 1984-92 and the percentage of land use variations of
the quadrants where the species was registered in 2006,
has allowed to establish that Sicily’s areas, which are able
to house the Red-backed Shrike, are composed by broadleaf forests (12-21%), partially wooded areas (11-13%),
bushes and scrublands (12-14%) and grazing (15%).
The dynamic of the Red-backed Shrike is the mirror
image of those species more properly considered to be part
of the forestry; this species is, in fact, usually linked to deciduous forests and partially wooded areas, but it really
lives in clearings. Our study has also highlighted that this
Shrike is sensitive to the surface and the average size of
partially wooded areas. In the areas where the species is
no longer present, the total area and the size of the surface
of this ecosystem have drastically reduced, and the species
has shown parallel trends; it needs to be compared to Apennines populations (Brambilla et al. 2007). It must also
be emphasized that the extreme localization of the species
in Sicily, even in the past, precludes drawing clear evaluations as it happens for other areas of the country. In addition, giving rise to concerns related to the limited area distribution of the species, the analysis provides some indications on the species habitat in Sicily and confirms the role
carried out by scrubs (Morelli et al. 2013).
Ientile & Massa (2008) believe that the increase is
mainly due to a better exploration of the area compared to
the previous decades (Massa 1985, Lo Valvo et al. 1993);
in Italy it is considered to be in “moderate decline” (Rete
Rurale Nazionale & LIPU 2011, Campedelli et al. 2012).

The Italian red list of breeding birds (Peronace et al. 2012)
considers it “vulnerable”.
Arable and grazing environment related species
Greater short-toed Lark Calandrella brachydactyla
The species was observed in 158 quadrants; it disappeared
in 86, persisted in 49 and appeared in 23. The environment in which the Greater Short-toed Lark is mostly present is the dry arable land (Fig. 5) (ESM 6). Within the
89 quadrants in which the species disappeared, the arable
and grazing lands have remained constant, while complex
cropping systems have suffered a negative variation going
from 14.0813 ha (18%) in 1987 to 72.220 ha (9%) in 2000.
This decrease is mainly due to the increase of the following cropping systems, such as: olive groves, vineyards and
orchards. Those cropping systems account for a significant
process of intensification of agricultural activities (Fig. 5)
(ESM 6). The species is in sharp decline throughout the island (Massa et al. 2008, Massa & La Mantia 2010) also in
those small islands such as Lampedusa where agricultural
activity was ceased. (La Mantia et al. 2011) This has been
said in order to underline the importance that agricultural
activities holds, in the preservation of a suitable habitat for
the species. Besides the different land use, it is also important to underscore the changes occurred to the cereal
crops, which were witnessed by the decrease of the average size of the cropping patches (633 ha in 87-88 e 487 ha
in 2000) and from their increase in number (461 in 198788 and 603 in 2000).
Ientile & Massa (2008) consider the species as rare
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Figure 5. Land use variations (years 1987 and 2000) in the 86 quadrants in which the Greater Short-toed Lark disappeared.
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and in decrease compared to the previous decades (Massa
1985, Lo Valvo et al. 1993) while in Italy, it is considered
in “strong decline” (Rete Rurale Nazionale & LIPU 2011)
or “moderate decline” (Campedelli et al. 2012). The Italian red list of breeding birds (Peronace et al. 2012) considers it “in danger”.
The species has suffered a similar decline in Malta,
having among the main causes agricultural intensification
and urbanization (Sultana et al. 2011) These former causes
may have also had an influence on the status of the species
in Sicily.
Calandra Lark Melanocorypha calandra
This species has been undergoing for many years a strong
and continuous decrease within the island, but more in
general throughout its range (La Mantia 1985a, Massa et
al. 2008, Massa & La Mantia 2010). It was observed in
112 quadrants, disappeared in 75, persisted in 26 and appeared in 11. The most represented crop areas inside the
75 quadrants, where the species has disappeared, are (Fig.
6) (ESM 7): the arable lands, which account for the main
landscape matrix, the complex crop systems, vineyards,
grazing and olive groves. The most important change has
concerned the reduction of complex crop systems (–73,582
hectares) that have dropped from 21.2 % (1984-92) to 10.4
% (2000) and the disappearance of almond groves (15,224
ha in 1987, accounting for 2.2 % of the total surface). To
this negative trend, an increase in bushes, orchards and olive trees has occurred. The arable lands have increased,
leading to a reduction of the medium areas of crop patches
(659 ha in 1987-88 and 587 ha in 2000) and an increase in
their number (380 in 1987-88 and 469 in 2000).

The disappearance of Calandra Lark from large areas
devoted to the cultivation of wheat, particularly so from
the hinterland of western Sicily (provinces of Agrigento,
Palermo and Trapani) is attributable to: 1) changes in crops
evidenced by the decrease in the average grain patches of
cultivation and the increase in their number; 2) the abandonment of traditional farming systems (complex cropping
systems and almond groves).
Ientile & Massa (2008) write that the species “has gone
drastically rarefying” compared to the previous decades
(Massa 1985, Lo Valvo et al. 1993) while in Italy it has
been considered to have an “uncertain” trend (Rete Rurale
Nazionale & LIPU 2011, Campedelli et al. 2012). The Italian red list of breeding birds (Peronace et al. 2012) considers it “ vulnerable”.
Complex system, almond and olive grove environment
related species
European roller Coracias garrulus
This species was observed in 58 quadrants, it appeared
in 10, disappeared in 32 and persisted in 16. The area in
which the species was -or has been- historically present,
mostly coincides with the interior areas such as Agrigento
and Caltanissetta. The analysis of the data on the different land use in which we encounter the species, have pinpointed that the latter is related to environments dominated
by the following crop types: arable land (43-50%), complex cropping systems (7-23%), olive groves (5-12%) and
grazing (5-10%) (Tab. 4). The 10 quadrants in which the
species appeared are sited in the inner areas of the island,
areas where the arable land constitutes more than 50% of
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Figure 6. Land use variations (years 1987 and 2000) in the 75 quadrants in which the Calandra Lark disappeared.
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Table 4. Land use (ha) variations (%) (years 1987-2000) in the 10 quadrants in which the European Roller persisted, appeared or disappeared.
Different land use
Arable
Grazing
Complex systems
Almond grove
Olive grove
Vineyard
Orchard
Broadleaves
Conifers
Mixed forest
Partially wooded areas
Bushes and scrubland
Sparse vegetation
Urban environments
and infrastructures
Beaches
Watercourses
Marshes
Total

Persisted

Appeared

2000

Variations

1987

2000

Variations

1987

2000

Variations

77.250,1
14.052,6
25.245,1
8.053,0
8.935,5
5.287,2
1.134,8
3.786,5
1.331,0
1.173,8
2.763,2
5.863,4
1.828,8
4.524,2

78.981,3
16.120,7
15.191,2

2,2
14,7
–39,8
–100,0
52,3
–4,8
73,4
2,7
58,8
126,0
–90,8
133,5
46,7
–1,2

42,268.0
6,851.0
18,889.1
20.6
7,615.8
6,267.3
2,208.7
4,208.8
471.4
48.8
1,905.1
1,290.4
1,111.1
1,925.2

47,781.7
5,540.7
6,463.2

13.0
–19.1
–65.8

152,535.8
20,235.9
35,205.9

10,198.8
8,310.4
2,095.5
4,275.1
1,118.1
370.1
577.7
5,153.8
1,823.7
1,580.0

33.9
32.6
–5.1
1.6
137.2
659.1
–69.7
299.4
64.1
–17.9

137,714.4
16,432.3
72,772.0
10,397.9
16,287.3
19,837.0
5,132.4
13,059.2
2,695.3
1,434.7
4,793.2
8,986.8
2,037.7
4,600.4

10.8
23.1
–51.6
–100.0
87.6
–22.7
92.4
14.9
–1.0
25.4
–62.7
146.2
70.5
39.0

0,6
207,9
502,5

108,1

–100,0
68,9

62.3
161.8
0.0

1.2
13.5

–98.1
–100.0

95,305.4

95,303.6

13.609,6
5.033,2
1.968,2
3.887,1
2.113,2
2.653,0
253,4
13.693,8
2.682,6
4.468,5

848,5

land use and the average size of the relevant patches is very
large (730 ha) (Tab. 4). Concerning this species, the only
tree crops that in 2000 had significant surface variations resulted to be: olive groves 11%, vineyards 9% and complex
crop systems (7%).
In the 32 quadrants where the species has disappeared, there has been an increase in surface of: arable land (+14,821 ha: percentage change of 11%), olive
groves (+14,264 ha: percentage change of 88%), orchards
(+4,741 ha: percentage change equal to 92%) and bushes and scrubs (+13,139 ha, with a percentage change of
146%) (Tab. 4). This increase has given way to a strong
decrease in complex cropping systems (–37,566 ha: percentage change of –52%) and the disappearance of almond groves (–10,398 ha, meaning 3% of the total area)
(Tab. 4). These classes of land use have shown the same
negative trend as the territories within the 16 quadrants in
which the species persisted, (Tab. 4) experiencing a significant reduction in complex systems (–10,054 ha: percentage change of –40%) and the disappearance of almond groves (–8.053 ha, equal to 5% of the total area).
The decrease in traditional cropping systems, however, is
not matched by a significant increase in arable and orchard
fields. The only crops that have shown a significant increase were: the bushes and scrubs (+7,830 ha. percentage
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Disappeared

1987

30,551.3
15,328.7
9,873.3
15,004.8
2,668.3
1,798.9
1,787.4
22,125.5
3,473.5
6,396.7

80.1
371.7
316,632.4

260.7
317,246.7

–29.9

137,714.4

152,535.8

10.8

change equal to 134%) and the olive groves (+4,634 ha:
percentage change equal to 52%). It should also be noticed
how the urban environments increased where the species
disappeared, and remains practically stable in the areas in
which the European Roller persisted or appeared. The European Roller nests in hollow trees (but also inside holes
in rails, under bridges and rural buildings) and therefore
requires big trees such as the old almond trees. Perhaps its
decrease is due to the coincidence between the disappearance of big trees and the destruction of the old artifacts that
can accommodate the nests. In the Latium region, where
the species used artifacts, it has increased its population
(Meschini and Savo 2011).
Ientile & Massa (2008) consider it “in notable decline”
compared to the previous years (Massa 1985, Lo Valvo et
al. 1993) while in Italy it is considered to have an “unsure”
trend (Rete Rurale Nazionale & LIPU 2011) or a “moderate increase” (Campedelli et al. 2012).
Woodchat Shrike Lanius senator
This species was observed in 58 quadrants, it appeared in
54, persisted in 110 and disappeared in 61. In the 54 quadrants in which the species appeared, there is a reduction
in complex systems (-36 %), grazing (–17 %) and olive
groves (–3,4 %), while the orchards remain stable (Tab. 5).

Ornithological communities: Sicily’s case
In the quadrants in which the species disappeared, complex systems decrease to 41.5%, while olive groves slightly increased (3.8%) (Tab. 5). The districts where the species persisted, have the same trend for these land uses with
the exception of the orchard which shows a significant increase (+37.5%) (Tab. 5).
The species was once present even in irrigated orchards from which it has now disappeared, but especially
in the dry orchards it is in sharp decline (La Mantia 1985b).
The Woodchat Shrike has suffered a sharp decline, that is
only partially explained in the analysis corried out on the
change of land use. Populations are in fact much smaller
compared to the past.
Ientile & Massa (2008) consider it “significantly decreased in the last decades” (Massa 1985, Lo Valvo et al.
1993) even though they do not consider the changing of
the habitat a sufficient matter in order to explain their reduction; in Italy, the species is considered in “strong decrease” (Rete Rurale Nazionale & LIPU 2011, Campedelli
et al. 2012). The Italian red list of breeding birds (Peronace
et al. 2012) considers it “in danger”.
According to the Sultana et al. (2011), the species was
more common in Malta in 800s and beginning of 900s.

Conclusions
The integrated study of land-use variations and changes in
the distribution of species allows to make an assessment
on the evaluations of the running processes. All bird species related to forest environments appeared to be favored
by the changes that took place between 1987-88 and 2000.
The same trend is observed in Italy (Falcucci et al. 2007).
The species that have decreased are those related to agricultural environments, among them the Calandra Lark.
In the areas where the species disappeared, an increase of
arboreal cropping systems with a high energy input such
as: olive groves, vineyards and orchards was experienced.
Also a profound change was experienced in arable cultivations, led by the decrease in the average size of cultivation patches and the increase in their number. The contraction of the distribution of the species was mainly contributed by the important process of intensification of agricultural practices. The same trend has characterized the species linked to traditional dry orchards such as the European Roller and the Woodchat Shrike. The two species prefer open areas with the presence of scattered and isolated
trees, used for nesting and as a perch for hunting.

Table 5. Land use (ha) variations (%) (years 1987-2000) in the 54 quadrants in which the Woodchat Shrike persisted, appeared or disappeared.
Different land use

Persisted

Appeared

Disappeared

1987

2000

Variations

1987

2000

Variations

1987

2000

Variations

Arable
Grazing
Complex systems
Almond grove
Olive grove
Vineyard
Orchard
Broadleaves
Conifers
Mixed forest
Partially wooded areas
Bushes and scrubland
Sparse vegetation
Urban environments
and infrastructures
Beaches
Saltworks
Watercourses
Water basins
Marshes

349,335.3
132,962.2
169,074.3
17,673.1
109,936.5
45,692.1
27,890.3
35,496.1
16,442.6
7,830.5
35,253.8
42,372.7
28,260.3
28,712.7

353,255.5
113,677.1
107,350.1
0.0
105,812.0
46,027.4
38,347.7
57,515.1
18,043.7
10,096.4
19,817.1
115,552.5
24,184.9
37,437.4

1.1
–14.5
–36.5
–100
–3.8
0.7
37.5
62.0
9.7
28.9
–43.8
172.7
–14.4
30.4

134,581.6
65,906.2
82,276.9
335.9
50,324.2
33,248.7
45,735.4
23,928.2
818.7
4,847.3
21,421.4
19,806.0
8,492.0
16,893.0

129,453.1
54,731.4
52,219.6

190,263.2
52,257.9
80,279.7
2,482.1
36,671.9
34,731.8
30,831.1
7,729.6
3,500.8
944.8
14,778.0
17,291.7
8,359.4
23,358.3

185,352.2
50,425.7
46,974.9

48,599.6
33,049.7
45,753.8
37,770.7
2,256.1
6,975.9
13,320.6
53,577.3
8,313.2
20,938.4

–3.8
–17.0
–36.5
0.0
–3.4
–0.6
0.0
57.9
175.6
43.9
–37.8
170.5
–2.1
23.9

38,074.0
37,314.6
31,380.6
15,590.1
6,903.8
2,982.7
9,516.2
42,078.1
8,222.9
28,990.8

–2.6
–3.5
–41.5
–100.0
3.8
7.4
1.8
101.7
97.2
215.7
–35.6
143.3
–1.6
24.1

155.3
85.9
35.1
1,866.9
1,703.5

279.2
131.4
32.3
1,400.5
1,719.3

79.7
53.1
–8.0
–25.0
0.9

147.6
872.5
1,011.8
371.6
548.1

57.7
841.3
1,364.3
483.4
305.0

–60.9
–3.6
34.8
30.1
–44.3

580.2
329.2
404.1
1,677.9
57.4

587.4
20.1
578.9
1,577.9
25.2

1.2
–93.9
43.3
–6.0
–56.2

Total

1050,779.2 1050,679.5

511,567.0

510,011.1

506,529.

506,596.
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In a recent contribution on the avifauna and ecoregions in Sicily (Londi et al. 2012), all of these species are
considered to be part of the “Temperate mountains” having an “ornithological area considered to be well characterized even from a climate point of view; many of the
indicator species are in fact not only part of the forestry
but also clearly mesophytic, as for example: the Subalpine Warbler, the Nuthatch, the Marsh Tit. They can also
be considered mountain birds, as the tit...”. However, the
fact that these species are on the rise, is in deep contrast
with what is nowadays considered to be the main factor
that is changing the animal population: climate change. In
addition, the termophilous species related to the agricultural environments are in decrement, these species, however, compared to the mountain ones, being thermophilic,
should rise. Their contraction appears to be dependent on
many factors, only partly explainable by changes in cultivation techniques and with fragmentation that plays an
important role (Sirami et al. 2009). This should prompt to
evaluate with more carefulness the possibility of constructing “nets”, “ecological connections” etc. While the forest
species take advantage of the increase of the surfaces, infact, the most demanding species require an improvement
in the “quality” of the woods. As for the full range species
(which also include other local species, such as the Stone
Curlew Burhinus oedicnemus, and the Collared Pratincole
Glareola pratincola etc.), they require non fragmented
open spaces in which diversity point-like elements can be
inserted (La Mantia 2010). On the contrary, interventions
on wood arboricultures have not given any benefits to Sicily’s biodiversity (La Mantia 2002), although undoubtedly,
as it has occurred in many other Mediterranean countries
(Gil-Tena et al. 2010) the increase in forest areas through
reforestation and above all naturalization have had a generally positive impact on forestry birdlife.
Probably land sharing, defined the “traditional European approach” (Herzog & Schüepp 2013) allows greater
biodiversity preservation in areas historically transformed
by human activities (von Wehrden et al. 2014).
Acknowledgements – This study was carried out as part of the researches conducted within the Convention between the Assessorato Risorse Agricole e Alimentari della Regione Siciliana, Dipartimento Interventi Infrastrutturali, Area Studi e Programmazione
e il Dipartimento Demetra (oggi Scienze agrarie e forestali) “Analisi dei sistemi seminaturali e degli agro-ecosistemi nei sistemi
insulari mediterranei: Isola di Lampedusa, pantani di Vendicari
e sistemi agricoli regionali ad Alto Valore naturale (AVN)”; part
of the data were collected by the second author during the investigations carried out as part of the doctoral thesis in “Sistemi Arborei Agrari e Forestali” (XXIV ciclo). We thank F. Quatrini for
the English translation.

80

References
AA.VV., 2008. Atlante della Biodiversità della Sicilia: Vertebrati
terrestri. Studi e Ricerche, Arpa Sicilia, Palermo 6: 534 pp.
Ales R.F., Martin A., Ortega F. & Ales E.E., 1992. Recent changes in landscape structure and function in a Mediterranean region of SW Spain (1950-1984). Landscape Ecology 7: 3-18.
Apan A.A., Raine S.S. & Paterson M.S., 2000. Quantifying Landscape Fragmentation in the Lockyer Valley Catchment,
Queensland: 1973-1997. 28th Annual Conference of the Australasian Urban and Regional Information Systems Association, Queensland, Australia.
APAT (Agenzia per la protezione dell’ambiente e per i servizi
tecnici), 2005. La realizzazione in Italia del progetto europeo
Corine Land Cover 2000. APAT, Rapporti 36/2005.
Baglieri S. & Iapichino C., 1990. Nidificazione del Crociere (Lo
xia curvirostra) in provincia di Ragusa (Sicilia orientale).
Naturalista siciliano 14: 127-128.
Beecher N.A., Johnson R.J., Brandle J.R., Case R.M. & Young
L.J., 2002. Agroecology of birds in organic and non organic
farmland. Conservation Biology 16 (6): 1620-1631.
Birdlife International, 2004. Birds in Europe. Population estimates, trends and conservation status. BirdLife Int. Ser. N.12,
Cambridge, UK.
Brambilla M., Rubolini D. & Guidali F., 2007. Between land
abandonment and agricultural intensification: habitat preferences of Red-backed Shrikes Lanius collurio in low-intensity
farming conditions. Bird Study 54(2): 160-167.
Brichetti P. & Fracasso G., 2008. Ornitologia italiana. Vol. 5 Turdidae-Cisticolidae. A. Perdisa Ed., Bologna.
Camerano P., Cullotta S. & Varese P. (eds), 2011. Strumenti conoscitivi per la gestione delle risorse forestali della Sicilia. Tipi
Forestali. Regione Siciliana, Palermo.
Campedelli T., Buvoli L., Bonazzi P., Calabrese L., Calvi G.,
Celada C., Cutini S., De Carli E., Fornasari L., Fulco E., La
Gioia G., Londi G., Rossi P., Silva L. & Tellini Florenzano
G., 2012. Andamenti di popolazione delle specie comuni nidificanti in Italia: 2000-2011. Avocetta 36 (2): 121-143.
Coreau A. & Martin J.L., 2007. Multi-scale study of bird species distribution and of their response to vegetation change:
a Mediterranean example. Landscape Ecology 22: 747-764.
European Union, 2010. European Commission EU Biodiversity
Action Plan: 2010. Assessment. Luxembourg: Publications
Office of the European Union, 36 pp. http://ec.europa.eu/environment/nature/info/pubs/docs/2010_bap.pdf
Falci A., Livreri Console S., Giardina G., Lo Duca R. & La Mantia T., 2012. I Lepidotteri Ropaloceri (Insecta Lepidoptera)
del bosco della Ficuzza: stato delle conoscenze e possibili
relazioni tra il loro status e i cambiamenti nell’uso del suolo.
Naturalista siciliano 36: 445-462.
Falcucci A., Maiorano L. & Boitani L., 2007. Changes in landuse/land-cover patterns in Italy and their implications for biodiversity conservation. Landscape Ecology 22: 617-631.
Genghini M. (ed.), 2008. Monitoraggio della biodiversità selvatica negli agro-ecosistemi intensivi e semi-intensivi. Metodologie e casi di studio per la verifica della qualità degli ambienti agrari e l’efficacia delle politiche ambientali e agricole.
I.N.F.S., MiPAAF, St.e.r.n.a., Ed. Grafiche 3B, Toscanella di
Dozza (BO), 256 pp.
Gil-Tena A., Brotons L. & Saura S., 2010. Effects of forest landscape change and management on the range expansion of forest bird species in the Mediterranean region. Forest Ecology
and Management 259: 1338-1346.
Herzog F. & Schüepp C., 2013. Are land sparing and land sharing
real alternatives for European agricultural landscapes? Aspects of Applied Biology 121: 109-113.

Ornithological communities: Sicily’s case
Ientile R. & Massa B., 2008. Uccelli (Aves). In: AA.VV., Atlante della Biodiversità della Sicilia: Vertebrati terrestri. Studi e
Ricerche Arpa Sicilia 6: 115-211.
La Mantia T., 1985a Calandra (Melanocorypha calandra). In:
Massa B. (ed.), Atlas Faunae Siciliae-Aves. Naturalista siciliano 9 (n° sp.): 105-106.
La Mantia T., 1985b. Averla capirossa (Lanius senator). In: Massa B. (ed.), Atlas Faunae Siciliae-Aves. Naturalista siciliano
9 (n° sp.): 174-175.
La Mantia T., 1997. Il ruolo degli elementi diversificatori negli
agroecosistemi mediterranei: valorizzazione e relazioni con
le popolazioni di vertebrati. Naturalista siciliano 21 (suppl.):
175-211.
La Mantia T., 2002. L’arboricoltura da legno nel paesaggio siciliano. In: Rimboschimenti e piantagioni nelle trasformazioni
del paesaggio. Quaderni IAED 15: 135-153.
La Mantia T., 2009. La biodiversità delle formazioni naturali e
seminaturali in Sicilia: cambiamenti e ipotesi di gestione. Atti
del Terzo Congresso Nazionale di Selvicoltura, Accademia
Italiana di Scienze Forestali, Firenze: 199-204.
La Mantia T., 2010. I cumuli di pietre denominati “Chirchiari”
in Sicilia, tra ecologia e storia. Naturalista siciliano 34 (34): 527-542.
La Mantia T. & Barbera G., 2003. Evoluzione del settore agroforestale e cambiamenti del paesaggio in Sicilia. In: Lo Piccolo F. & Schilleci F. (eds.), A Sud di Brobdingnag. L’identità
dei luoghi: per uno sviluppo locale autosostenibile nella Sicilia occidentale. Franco Angeli, Roma: 118-150.
La Mantia T., Carimi F., Di Lorenzo R. & Pasta S., 2011. The agricultural heritage of Lampedusa (Pelagie Archipelago, South
Italy) and its key role for cultivar and wildlife conservation.
Italian Journal of Agronomy 6:e17: 106-110.
La Mantia T., Giaimi G., La Mela Veca D.S. & Pasta S., 2007.
The role of traditional Erica arborea L. management practices in maintaining northeastern Sicily’s cultural landscape.
Forest Ecology and Management 249: 63-70.
La Mantia T., Lo Duca R., Massa B., Nocentini S. & Rühl J.,
2014. La biodiversità dei boschi siciliani. Parte I: l’avifauna.
Italia Forestale e Montana 69 (3): 173-193. http://dx.doi. org/
10.4129/ifm.2014.3.01
La Mantia T., Rühl J., Pasta S., Campisi D. & Terrazzino G.,
2008. Structural analysis of woody species in Mediterranean
old fields. Plant Biosystems 142 (3): 462-471.
La Mantia T., Spoto M. & Massa B., 2002. The colonisation of the
Great Spotted Woodpecker (Picoides major L.) in Eucalypt
woods and Popular cultivations in Sicily. Ecologia Mediterranea 28 (2): 65-73.
Lo Valvo M., Massa B. & Sarà M., 1993. Uccelli e paesaggio in
Sicilia alle soglie del Terzo Millennio. Naturalista siciliano
17 (suppl): 1-238.
Londi G., Tellini Florenzano G., Campedelli T., Cutini S. & Massa B., 2012. Le zone ornitologiche della Sicilia: un metodo
per l’individuazione oggettiva di ecoregioni. Naturalista siciliano 36 (3): 459-493.
Londi G., Tellini Florenzano G., Mini L., Caliendo M.F, Campedelli T. & de Carli E., 2009. Assessing woodland ecological
characters through a new objective bird community index, the
WBCI. Avocetta 33(2): 107-114.
Maetzke F., Cullotta S., La Mantia T., La Mela Veca D.S. & Pizzurro G.M., 2008. Individuazione di aree ecologicamente
omogenee e di un sistema di aree a priorità di intervento per
l’ampliamento della superficie forestale in Sicilia. Forest@
5: 280-295.
Massa B. (ed.), 1985. Atlas Faunae Siciliae - Aves. Naturalista siciliano 9 (n° sp.): 1-274.
Massa B. & La Mantia T., 2007. Forestry, pasture, agriculture and
fauna correlated to recent changes in Sicily. Forest@ 4(4):
418-438.

Massa B. & La Mantia T., 2010. The decline of ground-nesting birds in the agrarian landscape of Italy. Revue Écologie
(Terre Vie) 65: 73-90.
Massa B., La Mantia T. & Rizzo R., 2008. Status ed andamento
delle specie d’uccelli nidificanti in Sicilia. In: AA.VV, Atlante della biodiversità della Sicilia. Vertebrati terrestri. Studi e
Ricerche, Arpa Sicilia 6: 213-235.
Meschini A. & Savo E., 2011. Ghiandaia marina Coracias garrulus. In: Brunelli M., Sarrocco S., Corbi F., Sorace A., Boano
A., De Felici S., Guerrieri G., Meschini A. & Roma S. (eds),
Nuovo Atlante degli Uccelli Nidificanti nel Lazio. Edizioni
ARP (Agenzia Regionale Parchi), Roma: 200-201.
Morelli F., Saltarelli M., Pruscini F. & Benedetti Y., 2013. First
description of red-backed shrike Lanius collurio food caching
in Central Italy: prey’s type and spatial position into the larders. Avocetta 37 (1): 27-34.
Moreira F. & Russo D., 2007. Modelling the impact of agricultural abandonment and wildfires on vertebrate diversity in Mediterranean Europe. Landscape Ecology 22: 1461-1476.
Nardo A., 2002. Nidificazione di Lodolaio, Falco subbuteo, in un
bosco di Eucalyptus della Sicilia sud orientale. Rivista italiana Ornitologia 72: 84-85.
Peronace V., Cecere J.G., Gustin M. & Rondinini C., 2012. Lista rossa degli uccelli nidificanti in Italia. Avocetta 36 (1):
11-58.
Priolo A. & Sarà M., 1981. Nidificazione del Crociere, Loxia
curvirostra, in Sicilia. Rivista italiana Ornitologia 51: 249.
Rete Rurale Nazionale & LIPU, 2011. Gli andamenti di popola
zione degli uccelli comuni in Italia 2000-2010. MiPAAF, Roma.
Rocchini D., Perry G., Salerno M., Maccherini S. & Chiarucci
A., 2005. Landscape change and the dynamics of open formations in a natural reserve. Landscape and Urban Planning
77: 167-177.
Roy P.S. & Tomar S., 2000. Biodiversity characterization at landscape level using geospatial modelling technique. Biological
Conservation 95: 95-109.
Rühl J., Caruso T., Giucastro M. & La Mantia T., 2011. Olive
Agroforestry Systems in Sicily: cultivated typologies and
secondary succession processes after abandonment. Plant Biosystems 145 (1): 120-130.
Siracusa M., Sarà M., La Mantia T. & Cairone A., 1996. Alimentazione del Gufo comune (Asio otus) in Sicilia. Naturalista siciliano 20 (3-4): 313-320.
Sirami C., Brotons L. & Martin J.L., 2009. Do bird spatial distribution patterns reflect population trends in changing landscapes? Landscape Ecology 24: 893-906.
Sluiter R. & de Jong S.M., 2007. Spatial patterns of Mediterranean land abandonment and related land cover transitions.
Landscape Ecology 22: 559-576.
Sultana J., Borg J.J., Gauci C. & Falzon V. (special collaboration
of Cachia D., Coleiro C., Galea R. & Gauci M.), 2011. The
Breeding Birds of Malta. BirdLife Malta.
Sturniolo G., 1910. Il passo dei Crocieri in Messina nell’estate del
1909. Avicula 14: 50-52.
von Wehrden H., Abson D.J., Beckmann M., Cord A.F, Klotz S.
& Seppe R., 2014. Realigning the land-sharing/land-sparing debate to match conservation needs: considering diversity scales and landuse history. Landscape Ecology 29: 941948.
Whitaker J., 1910. On the great invasion of Crossbills in 1909.
Ibis 4: 331-351.
Associate Editor: Daniela Campobello
Electronic Supplementary Materials (ESM): http://ciso-coi.it/
wp-content/uploads/2014/12/LaMantia_et_al_ESM.pdf

81

