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1. INTRODUCTION 
 
Due to socio-economic changes, there has been a profound transformation of land use in Europe in the 
XX century. Large agricultural land surfaces have been abandoned: according to data from FAO, in 
Europe the "Arable Land & Permanent Crops” surface has been reduced by 12.9% between 1961 and 
2001 (Tab. 1.1). 
 
Tab. 1.1. The reduction of the European land surface classified as “Arable Land & Permanent Crops” between 1961 and 

2001 (Source: FAO database). The total land area of Europe is 472.564 × 103 Ha*. 

Year Arable Land & Permanent Crops** 
[1000 Ha] 

Proportion of Land 
Area [%] 

Difference between 
two decades [%] 

2001 131,881 27.9 - 4.1 
1991 137,517 29.1 - 2.2 
1981 140,557 29.7 - 1.9 
1971 143,263 30.3 - 5.4 
1961 151,369 32.0  

* In order to confront data for Europe between 1991 and 2001, for the year 2001 data from Estonia, Latvia, Lithuania, Moldova, Russia and 
Ukraina have not been considered.  
** FAO defines “Arable Land” as “land under temporary crops (double-cropped areas are counted only once), temporary meadows for 
mowing and pasture, land under market and kitchen gardens and temporarily fallow (less than five years). Does not mean the amount of 
land that is potentially cultivable” and “Permanent Crops” as “land cultivated with crops that occupy the land for long periods and need not 
be replanted after each harvest; this category includes land under flowering shrubs, fruit trees, nut trees and vines, but excludes land 
under trees grown for wood and timber”.  
 
 
The present study is focused on those abandoned areas which neither have been urbanized nor have 
been afforested, but whose vegetation was subject to secondary succession processes. These 
processes may lead within few decades to the complete change of vegetation composition and structure 
(Bornkamm, 1981; Ellenberg, 1982; Pickett, 1982; Schmidt, 1988; Debussche, 1996). Since these 
changes bring along the loss of the biocoenoses linked to the former cultural landscapes, the study of 
the speed and driving factors of these vegetation dynamics are of a significant importance for landscape 
planning and diversity conservation management.  
Agricultural abandonment affects above all traditionally conducted agricultural systems which cannot be 
transformed into intensely used agricultural systems. Some traditionally conducted agricultural systems, 
such as extensively used meadows and pastures, have been broadly studied by ecologists in order to 
know about the conservation measures which have to be adapted. Other ones, however, were not 
subject to major attention. To the latter ones belong terraced landscapes. 
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Terraced landscapes are frequent in those areas, where 1) the orography is characterized by hills or 
mountains, 2) there is a high amount of stone outcrops and 3) the human need for agricultural 
production was quite high till the recent past (Grove & Rackham, 2001). In Europe, terraced landscapes 
are present, above all, in the Mediterranean area, and, to a lower extent, in temperate regions, e.g. in 
Germany and Switzerland (AA.VV., 2004a; Fig. 1.1). The construction of terraces for agricultural use 
was practiced in order to create level arable surfaces on mountain slopes (Fig. 1.2 and 1.3). Nowadays 
many of these systems are abandoned because they are unsuitable for mechanized, intensive 
agriculture. 

Fig. 1.1. Terrace landscapes in Europe (from AA.VV., 2004a, modified). The red lines indicate areas with the scattered 
presence, not an overall cover, of terraces. 

 
There are some studies which focus on renaturation processes in terraced landscapes in other 
European countries (Tatoni et al., 1994; Bonet, 2004), but very few are known for Italian terraced 
landscapes (Brancucci et al., 2001; Richter & Block, 2001; Blasi et al., 2000). Almost no data exist for 
Sicilian terraces. The only author who touched this argument in two sites on Sicily was Richter (1989) in 
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his study about abandoned vine fields in the Mediterranean region. However, he studied abandoned 
vineyards independently from the fact if they were terraced or not.  
So, up to now, my Diploma Thesis entitled “Vascular plant diversity in abandoned vine and caper 
cultures of Pantelleria Island (Sicily) and conclusions for landscape conservation” (Rühl, 2003) can be 
considered the only quantitative study made on renaturation topics in terraced old fields in Sicily. It 
describes vegetation dynamics on abandoned terraces on Pantelleria Island (Fig. 1.4) and has to be 
regarded as a basic study for the present PhD thesis. 
 

Fig. 1.2. Vine cultivation on terraces 

on Mt. Etna (Photo: I. Rossi-Doria∗).  

 
 
 
 
 
 
 
 
 
 
Fig. 1.3. Vine cultivation on terraces 
at Cinque Terre, Liguria, NW Italy. 
Terrace construction was used to 
create arable, level surfaces in 
mountainous regions (Photo: I. Rossi-
Doria). 

 
 
 
 
 
 
 

                                                      
∗ In the following, only when a photograph was not done by myself I name the photographer. 
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Fig. 1.4. General map of Sicily. The most important cities are Palermo and Catania; black lines are province borders. 
Pantelleria Island, the Aeolian Islands and Mt. Etna are three important sites for the present study. The underlying thematic 
map shows the altitudinal ranges of Sicily: altitudes between 0-700 m a.s.l. have been coloured in green, those between 700-
1,400 m a.s.l. in yellow and orange, and those ones between 1,400-3,300 m a.s.l. in red and grey. 

 
Not only scientists, but also the most recent regional and local landscape planning policies in Sicily paid 
few attention to terraced landscapes. One reason for this is that almost no data are available on 
terraced Sicilian landscapes. Since the year 2004, however, a research project promoted by the 
University of Palermo financed by the Sicilian Regional Environmental Office (ARPA Sicilia – Agenzia 

Regionale per la Protezione dell’Ambiente) aimed to elaborate a regional inventory of terraced areas. 
This inventory shows that about 3% of the Sicilian land area, that is 696 km2 or 69,604 ha, are covered 
by agricultural terraces, most of them being abandoned.  
In my Diploma Thesis, I studied secondary succession processes on undisturbed abandoned terraces. 
The fact that, in contrast, in most areas of Sicily disturbances such as wildfires and grazing are frequent 
encouraged to study vegetation dynamics on abandoned Sicilian terraces in a “wider” perspective. The 
results of this study are presented in the following chapters. They are focused on two main research 
questions: 
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1) Which are the vegetation dynamics on abandoned terraces in the main terraced areas of Sicily 
under disturbed and undisturbed conditions? 

2) Which are the driving forces of these vegetation dynamics?  
 
The first question focuses on a description of the plant communities involved in secondary succession 
processes a) from a floristic and structural point of view and b) from a species diversity point of view. 
Moreover, the ecological interpretation of the collected vegetation data describes the links of plant 
communities, single plant species and plant species diversity to environmental factors and disturbance 
regime (Chapter 3).  
The second question focuses on the underlying mechanisms of secondary succession (Chapter 4 and 
5), and, more in detail, on the dispersal-limited colonization of old fields by woody species.  
Chapter 4 describes the results of transect vegetation relevés designed to put in evidence two main 
driving forces of woody species colonization: 1) the safe site effect (sensu Schupp, 1995) and 2) the 
neighbourhood effect. The first term refers to the hypothesis that an old field which is characterized by a 
high number of favourable microsites for woody species establishment is colonized more rapidly by 
woody species than an old field with few favourable microsites. On the other hand, the term 
‘neighbourhood effect’ describes the hypothesis that old fields surrounded by old succession stages are 
subject to a more rapid invasion of woody plants than those ones surrounded by old fields of the same 
abandonment age. Both hypothesis resulted from observations made during field work for the Diploma 
Thesis.  
Going a step further, Chapter 5 describes post-dispersal performance of establishment of Quercus ilex 
in different microsites of old fields. This analysis was done by seed arrival manipulation through acorn 
sowing. 
Since the single studies described in Chapters 3-5 needed different relevé and elaboration methods and 
gave rise to results which are clearly distinct from each other, it was decided to make for every one of 
these three chapters a separate introduction, description of methods, results and discussion. 
An overall discussion of the results (Chapter 6) highlights the main results of the present study and 
gives some conclusions on what does these results mean for terrace landscape conservation and 
biodiversity management. 
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2. MATERIALS AND METHODS (GENERAL PART) 
 
2.1 The use of terraces for agriculture 
 
2.1.1 General information about agricultural terraces 
The process of terrace construction can be defined as “a practice used to break the gradient of a slope 
with the scope of creating (almost) level surfaces for agriculture. The soil of the terraces is hold only by 
dry-stone walls which are traditionally built up of local rock material.” (Gisotti, 2003). 
A terrace is made up of a dry stone wall and of the level arable surface (Fig. 2.1). The width of a terrace 
is negatively correlated to the inclination of the slope. Consequently, the wider the terrace area, the 
lower is the terrace wall (Pappalardo, 2002; AA.VV., 2004b). 

 
Fig. 2.1. Scheme of a terrace (from Richter & 
Block, 2001).  

 
 
 
 
 
 

 
But not only the local geomorphology obliged farmers in the past to construct terraces. In many areas, 
the terraces were the only way to protect the soil on the slopes from water and wind erosion after the 
cutting or destruction of natural vegetation (Pappalardo, 2002). Second, in some areas, where soil is 
very shallow, it is only for the accumulation of soil in terraces that agriculture gets possible. The soil 
matrix of the terrace stores water in the rainfall period, which can be consumed in the drought period. 
Moreover, since the terrace walls are constructed without cement or plaster, a good drainage is granted, 
so that cultivated plants do never suffer an excess of soil water.  
Last but not least, terrace construction also clears arable fields from stones which otherwise would 
obstacle ploughing. 
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2.1.2 Agricultural terraces in Sicily 
As it has already been said in Chapter 1, it is only since 2006 that an inventory of Sicilian agricultural 
terraces is available, produced by the Department of Fruit Tree and Woody Plant Sciences of the 
University of Palermo. This inventory identifies 696 km2, or 69,604 ha, of land surface as covered by 
agricultural terraces, equal to about 3% of the whole Sicilian surface. The areas with the highest terrace 
densities are 1) the Palermo Mountains, 2) the Peloritani Mts., 3) Mt. Etna, 4) the Erei Mts. and the 
Calatino Region, 5) the Hyblaean Plateau and 6) some circumsicilian islands (Fig. 2.2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.2. Map of the terraced areas in Sicily and its surrounding islands (from AA.VV., 2007, modif.). The areas with the 
highest terrace densities are 1) Palermo Mountains, 2) Peloritani Mts., 3) Mt. Etna, 4) Erei Mts. and Calatino Region, 5) 
Hyblaean Plateau and 6) circumsicilian islands (this last one represented below). 

2 

 

5 

4 

1 
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It has been estimated that large part of these terraced surfaces are not cultivated any more (Rühl, 
unpubl. data; Fig. 2.3). While in the Hyblean Mts., on Mt. Etna and in the Peloritani Mts. still about 40-
50% of the terraces are cultivated, terraces of Palermo and Erei Mts and on the circumsicilian islands 
are mainly abandoned (Fig. 2.4 and 2.5). 
 

Fig. 2.3. Estimation of the share of cultivated and abandoned terraces in the main terraced areas of Sicily.  

 

Fig. 2.4. Typical aspect of the still cultivated part of the terraced landscape of the Hyblaean Plateau (Bellocozzo). 
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Fig. 2.5. Typical aspect of the abandoned part of the terraced landscape of the Hyblaean Plateau (Noto). 

 

 
The abandonment of Sicilian terraces has been a slowly ongoing process in the XX century and does 
not follow the same dynamics in the different terraced regions of Sicily. The reasons for terrace 
abandonment will be explained more in detail later (cfr. paragraph 3.2.4). As a general reason, however, 
can be considered the impossibility to use modernized, intense agricultural techniques on terraced 
slopes.  
In Sicily, the “abandonment” of terraced areas means in most cases only the cessation of ploughing and 
sowing, while very often these areas are then used for more or less extensive cattle raising (Fig. 2.7). 
With grazing very often is linked the artificial burning of the areas which, according to the herdsmen, 
increase productivity by forcing herbs to resprout and keeps grazed areas free from shrub colonization. 
If it is not for the herdsmen, it is for casual or arson fires that abandoned terraced areas may burn 
frequently (Fig. 2.6). With the biomass accumulated after abandonment it is difficult for fire squads to 
extinguish these fires. So, only on small surfaces in Sicily it is possible to find terraces which after 
abandonment have never been subject to disturbances caused by men. 
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Due to the lack of maintenance by farmers and the destructive consequences of grazing and fire, 
abandoned terrace landscapes often show strong signs of degradation. For example, since fire destroys 
the vegetation layer, rain arrives without interference on the soil surface (Fig. 2.8). As a consequence, 
water runoff is more effective in compromising the stability of the dry-stone walls (AA.VV., 2004b). 
Together with the pressure performed by the water in the upper soil horizon walls may collapse. 
In addition, grazing animals directly destroy dry-stone walls by passing from one terrace level to the 
next one not by ramps but by the passage of the dry-stone wall. Especially goats are very destructive 
from this point of view (Fig. 2.9 and 2.10). 

 
Fig. 2.6. Map of burnt areas (ha) in 
Sicilian provinces for the year 2004 
(data from Arrigo et al., 2005). 

 
 
 
 
 
 
 
 
 
Fig. 2.7. Map of grazing intensity in 
Sicilian provinces for the year 2000 
(data from ISTAT, 2000). 
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Fig. 2.8. Burnt vegetation on abandoned 
terraces (Filicudi, Aeolian Islands). 

 
 
 
 
 
 
 
 
 

Fig. 2.9. Degradation of terrace walls by 
grazing animals (Zafferana Etnea, Mt. Etna). 
 

 
 
 
 
 
 
 
 
 

Fig. 2.10. Degradation of terrace walls by 
grazing animals (Filicudi, Aeolian Islands). 
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2.2 The selection of the study sites 
 
The main aim of the present study is to understand the mechanisms of vegetation dynamics on 
abandoned terraces. In order to reach this aim three different data sets were collected and analyzed.  
The first set focuses on differences in vegetation dynamics on a regional scale. It can be hypothesised 
that these differences depend mainly upon environmental factors and land-use history.  
For this first set, data sample plots were made in five study areas (Fig. 2.11), namely the Aeolian 
Islands, Pantelleria Island, Mt. Etna, the Palermo Mts. and the Hyblaean Plateau. The main abiotic 
characteristics and the land use history of all study sides are described in the following chapter 
(paragraph 3.2).  

 
Fig. 2.11. Location of the five study areas 
(grey areas).  

 
 
 
 
 
 
 
 

 
The second and third data sets focus on succession mechanisms on a local scale. As the main aim here 
is the analysis of dispersal and seedling survival mechanisms, Pantelleria Island was chosen as only 
this study site has two favouring aspects which fit very well with these kind of studies: 1) disturbances 
like fire and grazing are rather localized and unfrequent and 2) due to the data already collected by Rühl 
(2003) the plant communities which are part of secondary succession processes were already known at 
the beginning of the present study. 
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3. PART I 
 

3.1 Introduction 
 
The abandonment of agricultural fields is the starting point for secondary succession processes. These 
processes have to be studied on a regional or on a local scale, since general theories on succession fail 
(cfr. West et al., 1981). The present study wants to be a contribution to these local studies, focusing on 
post-abandonment vegetation dynamics on Sicily. 
It is known that without disturbance Sicilian terraced old fields are rapidly colonized by perennial herbs 
and by woody species (Rühl, 2003; Rühl et al., 2006). This is true for Pantelleria Island, but nothing is 
known about secondary succession neither on undisturbed, terraced old fields in the rest of Sicily nor in 
disturbed ones. The main disturbance factors for vegetation on Sicily are fire and grazing. 
Since Sicily is characterized by a rich variety of environmental factors (altitude, geological substrate, 
bioclimate, etc.), it can be expected that the plant communities involved in secondary succession differ 
from each other when different areas of Sicily are compared. So, this first data set reaches out to 
answer the following questions: 
 

1) What kind of vegetation can be found on abandoned terraces in Sicily? 
2) Is vegetation type linked to fire and grazing disturbance regime? 
3) Is the vascular plant diversity linked to disturbance regime (fire, grazing) and/or to abiotic 

factors (geological substrate, bioclimate)? 
4) Are there characteristic plant species linked to disturbance regime (fire, grazing) and/or to 

abiotic factors (geological substrate, bioclimate)?  
 
 
3.2 Materials 
 
In order to answer these questions, vegetation relevés from 189 sample plots were evaluated. These 
sample plots are situated in five study areas (Fig. 2.11), characterized by two different geological 
substrates (volcanic vs. limestone) and different bioclimatic conditions.  
The following paragraphs describe the main characteristics of the five study areas (Aeolian Islands, 
Pantelleria Island, Mt. Etna, Palermo Mts., Hyblaean Plateau) focusing on their most important 
differences and similarities. 
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The selection of the single sample plot was preceded by a series of cartographic elaborations. First, 
since in the year 2004 the inventory of Sicilian terraces did not yet exist, the orthophotos of the whole 
Sicilian surface were studied at a scale of 1:5,000 and the terraced areas were highlighted through a 
GIS (Geographic Information System). On the basis of the resulting terrace distribution map was 
decided to select the Aeolian Islands, Pantelleria Island, Mt. Etna, the Palermo Mts. and the Hyblaean 
Plateau as study sites. Then, as a second step, through several field trips was made a more detailed 
map of terrace distribution for these five study areas, recording also if terraces were cultivated or 
abandoned, and if there were obvious signs of disturbance. The concrete sample plots were then 
chosen on the basis of the availability of undisturbed and disturbed areas. 
 
 
3.2.1 Geographic position of the study areas and presence of terraces 
The Aeolian Islands are situated in the Tyrrhenian Sea near the North-Eastern coast of Sicily. The 
Archipelago, which consists of seven major islands and dozens of small islets of volcanic origin, extends 
between 38o21’54’’ and 38o48’40’’ N and between 14o20’35’’ and 15o14’70’’ E (Lo Cascio e Navarra, 
2003).  
The central islands Lipari and Salina are, in terms of surface (Tab. 3.1), the largest ones and host the 
main part of the human population of the Archipelago. Salina and Stromboli show the highest altitudes 
(more than 900 m a.s.l.), but also Lipari, Filicudi and Alicudi reach noteworthy altitudes (between 600 
and 800 m a.s.l.). Stromboli is the most isolated and most distant from Sicily. 
 
Tab. 3.1. Some geographic parameters of the Aeolian Islands: 1) surface (in km2), 2) max. altitude in m a.s.l., 3) minimum 
distance to Sicily in km, 4) minimum distance to next island in km (from Lo Cascio e Navarra, 2003, modified). 

 1 2 3 4 
Lipari 37.3 603 27.3 0.9 
Salina 26.4 961 37.8 3.0 

Vulcano 20.9 499 19.5 0.9 
Stromboli 12.2 926 54.3 17.5 

Filicudi 9.5 773 44.8 16.1 
Alicudi 5.1 666 52.5 16.1 
Panarea 3.3 420 40.2 14.3 

 
 
Except for the areas characterized by incoherent material or cliffs, the islands Alicudi, Filicudi, Salina 
and Panarea are almost entirely terraced (Fig. 3.1 and 3.2). On Stromboli and Lipari terraces are also 
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frequently present, while Vulcano is less terraces probably due to its milder orography. About 90% of 
the Aeolian terraces are abondoned; the still cultivated ones host vineyards, olive groves and 
horticultural crops. 
Sample plots were made on four of the seven major islands: Alicudi, Filicudi, Salina and Lipari. On 
Panarea and Vulcano it was not possible to make sample plots, in the first case because Panarea prior 
to abandonment hosted mainly olive groves and in the second case for the rare presence of terraces. 
On Stromboli, no relevés were done for the frequent fire disturbance of vegetation. 
 

Fig. 3.1. Terrace distribution map of the Aeolian Islands (red areas) (from AA.VV., 2007). 

 
 
The volcanic island Pantelleria is situated in the Sicilian Channel, about 95 km from the Sicilian coast 
and about 67 km from the Tunisian one. Its surface of approximately 83 km2 is extended between 
36o44’03’’ and 36o50’20’’ N and between 11o57’16’’ and 12o03’30’’ E (Agnesi & Federico, 1995). The 
highest elevations of Pantelleria are Montagna Grande (836 m a.s.l.) and Monte Gibele (700 m a.s.l.). 
Except for the most recent lava flows, Pantelleria is almost entirely terraced (Fig. 3.3). It can be 
estimated that about 80% of these terraces are abandoned. On the still used terraces are cultivated 
vine, caper and olive. 
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Fig. 3.2. The slopes of the island 
Filicudi are almost entirely 
terraced. Today, most of the 
terraces are colonized by woody 
vegetation (Photo: C. Rühl). 

 
 
 
 
 
 
 
 

 
Fig. 3.3. Terrace distribution map of Pantelleria Island (red areas) 
(from AA.VV., 2007). 

 
 
 
 
 
 
 
 
 

 
Mount Etna is located in the Eastern part of Sicily (Fig. 2.11), extending between 37o30’00’’ and 
37o53’00’’ N and between 14o49’00’’ and 15o12’00’’ E. From a geographical point of view, other than by 
its geological substrate the area can be circumsized in the North by the Alcantara river and in the South 
by Simeto river. The volcanic rocks of Mt. Etna cover ca. 1,200 km2 and its summit reaches 3,323 m 
a.s.l. About 40% of the area called “Mt. Etna” do not exceed 800 m a.s.l., while about 22% of the area 
exceed 1,200 m a.s.l. (AA.VV., 2007). The slopes are generally quite gentle, only about 18% of the 
whole area being characterized by slopes with > 20% of inclination. 
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About 15,000 ha of Mt. Etna’s surface are terraced (Fig. 3.4; AA.VV., 2007). About 40% of these 
terraced areas are still covered by vineyards, olive groves, fruit and citrus tree orchards. 
 

Fig. 3.4. Terrace distribution map of Mt. Etna (from AA.VV., 2007). Terraced surfaces are highlighted in red, while urban 
centres are coloured in black. Black lines are municipality borders. 

 
The Palermo Mountains are part of the mountain chain that makes up the North of Sicily. The part 
which was taken into consideration for the present study is actually only the Western part of the Palermo 
Mts. It extends between 37o57’00’ and 38o10’00’ N and between 13o04’00’ and 13o22’00’ E, and is 
made up of the calcareous mountains which surround the city of Palermo. The highest summit reaches 
1,333 m a.s.l. (La Pizzuta). The natural borders of this geographical unit are the plain of Partinico in the 
East, the plain of Piana degli Albanesi in the South and the municipality of Altofonte in the East. 
About 3,000 ha of the Palermo Mts. are terraced, part of them are the coastal slopes and another part 
are the inland slopes (Fig. 3.5). Sample plots were done only in the latter part; here, about 90% of the 
terraced areas are abandoned (Fig. 3.6). The remnant still cultivated terraces mainly host olive groves. 
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Fig. 3.5. Terrace distribution map of the Western 
part of the Palermo Mountains (from AA.VV., 2007, 
modified). Terraced surfaces are highlighted in red, 
while urban centres are coloured in black. Black 
lines are municipality borders.  

 
 
 
 
 
 

Fig. 3.6. An abandoned terraced slope in Valle 
Cuba (Monreale) in the Palermo Mountains.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The Hyblaean Plateau makes up large part of South-East Sicily. In the South it is delimited by the 
Sicilian Channel, in the East by the Ionian Sea, in the North by the plain of Catania and in the West by 
the Erei Mountains. The Hyblaean landscape is characterized by large tablelands which are interrupted 
by deep ravines generated by water erosion (Grande, 1996). The highest point is Monte Lauro (986 m 
a.s.l.). 
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About 18,000 ha of the Hyblaean Plateau are terraced (Fig. 3.7), with about 50% of all terraces still in 
cultivation (grain, olive, almond, carrob) and other 50% abandoned. Sample plots were made only in the 
Southern part of the Plateau between Buscemi, Noto and Ragusa, since the Northern part is partly 
made up of volcanic substrate. The studied surface extends between 36o54’00’’ and 37o10’00’’ N and 
between 14o42’00’’ and 15o05’00’’ E. 
 

Fig. 3.7. Terrace distribution 
map of the Southern part of 
the Hyblaean Plateau (from 
AA.VV., 2007, modified). 
Terraced surfaces are 
highlighted in red, while urban 
centres are coloured in black. 
Black lines are municipality 
borders. 
 

 
 
 
 
 
 

 
 
3.2.2 Geological history, substrate and soil characteristics 
The Aeolian Islands, Pantelleria Island and Mt. Etna share volcanic substrates, while sample plots on 
the Hyblaean Plateau and in the Palermo Mts. are characterized by limestone ones.  
More in detail, the Aeolian Islands began to emerge from the Tyrrhenian Sea about 600.000 years ago 
(Lo Cascio & Navarra, 2003). The rocks are mainly basalts, andesites and dacites and can be attributed 
to three genetic types: 1) lava flows, 2) pyroclastic material from explosive activity and 3) dykes. Today, 
the only active volcan is Stromboli, even if Vulcano, Lipari, Panarea and Salina still show several 
secondary volcanic activities. 
On Lipari, all but one of the sample plots are situated on rocks formed in the first volcanic cycle: one 
plot shows rocks deriving from basaltic/andesitic-basaltic lava flows (ca. 223,000 to 150,000 B.P.), while 
four plots are characterized by pyroclastic material and andesitic lava flows (ca. 127,000 to 90,000 B.P.) 
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(Calanchi et al., 1996). One other plot is located on rocks originated by explosive events (i.e. pyroclastic 
material) about 45,000 years ago. 
On Salina, one plot is located in an area characterized by rocks formed during the first genetic cycle of 
the island; these are basaltic and acid lava flows and pyroclastic material which have been erupted 
500,000-127,000/67,000 years ago (Rivi-Capo complex, Keller, 1980; De Rosa et al., 1989, Calanchi et 
al., 1996). Other three plots show rocks produced during the second genetic cycle from Monte dei Porri 
volcano. These rocks have been formed before 67,000 B.P. and are andesitic-basaltic lava flows and 
pyroclastites. About 30,000 years B.P. began the third genetic cycle, which produced the dacitic lava 
flows which characterize other three sample plots. The last plot is located on Holocene deposits. 
On Filicudi, six sample plots were made in areas which have their origin in the second genetic cycle of 
the island (Manetti et al., 1995, Calanchi et al., 1996). Two of them are situated on the exogenous 
dacitic dome of Montagnola, which has been formed about 200,000 years ago. From the same period 
are the andesitic-basaltic lava flows and the pyroclastic material which is present in the area where the 
other four sample plots were done (Contrada Chiumento). Other four sample plots were made on 
pyroclastic material which had been produced in a third genetic cycle. 
The only two sample plots which were done on Alicudi were made on terraces located on Holocene 
deposits. 
All sample plots on Alicudi, Filicudi and Salina, and one sample plot on Lipari are characterized by a soil 
association which includes Eutric Regosols, Lithosols and Eutric Cambisols (Fierotti et al., 1988). In 
general, on volcanic substrates these are shallow to moderately deep soils. Regosols have an A-C-
profile, are found on soft, pyroclastic matter and generally lack the principal fertilizing elements. 
Lithosols represent very shallow soils of an early development stage (A-C profile); their A-horizon never 
exceeds 10-15 cm and organic matter content, as well as the productive capacity, is low. Eutric 
Cambisols show an A-B-C profile that can even exceed 60 cm of depth; they generally show a good 
organic matter content and their exchange capacity, as well as their nutrient content, are high, so that 
they are considered good soils from an agronomic point of view. 
The remaining sample plots on Lipari are situated in areas which have been classified by Fierotti et al. 
(1988) as soil associations made up of Lithosols, Rock outcrop and Eutric Cambisols.  
However, and this is valid for all sample plots in all study sites, the process of terrace construction 
completely changes the pedological conditions since all original soil horizons are mixed (AA.VV., 
2004b); it is also a frequent phenomenon that soil from other parts gets transported in order to fill up 
terraces so that also terraces built on originally Lithosol sites can host a deeper soil that it would be 
expected. So, the information about original soils in these paragraphs has a merely qualitative value. 
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Also Pantelleria is of volcanic origin: the first eruption above sea-level took place about 324,000 years 
ago. Today only secondary volcanism is still going on.  
The surface rocks of our study sites are formed by acid, silicic vulcanites (Civetta et al., 1988) The main 
part of the sample plots is situated on pantellerite and trachyte lava flows of, while a minor part is 
characterized by pumice-fall deposits (Agnesi & Federico, 1995).  
Local soils result from a combination of Eutric Regosols, Lithosols and Eutric Cambisols (Fierotti et al., 
1988). 
 
The volcanic activity which formed Mount Etna began about 600,000 years ago (AA.VV., 2007). Since 
then, various eruptive cycles have created a mosaic of volcanic cones and lava flows of different ages. 
The main eruptive axes, the Trifoglietto and the Mongibello, are still today active. The activity of 
Mongibello can be subdivided in two periods: the ancient Mongibello (beginning about 50,000 years 
ago), which produced acid lava, and the recent Mongibello (beginning about 8,000 years ago), which 
produces basic lava. 
All but two sample plots were made on products of Recent Mongibello (National Research Council, 
1979). More in detail, eighteen sample plots are characterized by Holocenic lava flows and associated 
tephra which formed alkaline basalts, hawaiites, phonolitic tephrites and basic mugearites. Other five 
sample plots were made on lava flows and tephra formed between the 13th and 14th century.  
The remnant two sample plots were made on mugearites and benmoreites, originating from the ancient 
Mongibello cycle at the beginning of Holocene. 
All but two sample plots on Mt. Etna host a soil association made up of Eutric Regosols, Eutric 
Cambisols and Orthic Luvisols (Fierotti et al., 1988). Especially on more gentle slopes, this association 
shows quite a high soil fertility. Orthic Luvisols show a A-Bt-C-profile and are generally deep, well 
structured soils with high organic matter content and a very coarse texture. 
 
The Palermo Moutains are part of the Apennine chain, resulting from the tectonic overlaying of 
calcareous geological units. They were formed between Mesozoic and Coenozoic Age and put in 
today’s forms after lower Miocene (Abate et al., 1978). 
All but four sample plots are located on dolomitic sediments [made up of CaMg(CO3)2] with a sandy or 
even more coarse texture which have formed during lower Lias and Upper Trias (Catalano et al., 1974).  
One sample plot is characterized by carbonatic sediments (made up of CaCO3) of sandy or smaller 
texture (Upper Trias), another by organogenic calcareous rocks (Lower Lias-Upper Trias) and one by 
organogenic calcareous rocks with silty texture (Lower Lias-Upper Trias). A last plot is located on a 
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complex lithostratigraphic unit made up of marls, shales, sandstones and biocalcarenites (Langhiar –
Upper Oligocene). 
All but five sample plots lay on soils which have been classified by Fierotti et al. (1988) as an 
association of Lithosols, Rock Outcrop and Chromic Luvisols. The agronomic potential of this soil 
association is very low, since the shallow Lithosols are widely spread, while the Chromic Luvisols reach 
considerable depth only in small accumulation sites but normally measure only 40-50 cm in depth. In 
addition, their water retention capacity is low and they do not accumulate high organic matter or main 
nutrients contents. 
 
As parts of the Palermo Mountains, also the Hyblaean Plateau is made up of calcareous submarine 
rocks. The oldest part of this geological unit was formed during the Mesozoic Age; this layer has then 
been covered by calcareous sediments during Cenozoic Age and it can be subdivided in two contiguous 
parts: 1) the Eastern part, where calcareous sediments were deposited in shallow water and 2) the 
Western part, which was formed due to the re-sedimentation of the materials coming from the shallow 
waters of the Eastern part (Grande, 1996).  
At the end of the Coenozoic Age the slow emersion of the Hyblaean Plateau began. The tectonic activity 
which accompanied this emersion caused a complex system of fractures generating the actual 
hydrological net of the Hyblaean Plateau, responsible for today’s characteristic aspect of the Hyblaean 
landscape: the calcareous plateau is interrupted by deep canyons with steep slopes. 
In order to complete the geological description of the Hyblaean Plateau it must be said that in its 
Northern and Southern part there are also volcanic rocks: in fact, the highest point of the Hyblaean 
Plateau, Mount Lauro (986 m a.s.l.), is a volcanic mountain. These volcanic parts were formed during 
the Upper Cretaceous and during the Miocene and part of them have been covered by calcareous 
sediments (Grasso & Behncke, 1998). However, all the sample plots in the Hyblaean Mountains were 
made on limestone substrates. 
All but one sample plot were made in areas characterized by the “Western Succession” of limestone 
rocks (Lentini, 1984). More in detail, nine sample plots were made on cemented biocalcarenites or on 
scarcely cemented marley calcarenites which formed during Aquitanian-Lower Langhian. Other nine 
plots are characterized by more or less tender marley limestones of Serravallian-Tortonian/Messinian 
Age. Of the same age are the rocks that make up the substrate of other three sample plots, laying on an 
alternance of fine grained texture marley limestones. Six other plots lay on marles of the Lower 
Langhian-Messinian Age. 
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The only sample plot that was made in the “Eastern Succession” is characterized by carbonatic rocks 
formed during Middle Oligocene and Tortonian.  
From a pedological point of view half of the sample plots in the Hyblaean Plateau is characterized by 
Eutric, Calcic or Vertic Cambisols, Eutric Regosols and Lithosols (Fierotti et al., 1988). Other four 
samples are situated in areas which have been classified as dominated by Lithosols, Rock Outcrop and 
Eutric Regosols. Still other three plots are located on Eutric Cambisols, Calcic Cambisols or Rendzinas 
and one plot in an area characterized by the soil association Lithosols, Rock Outcrop and Eutric 
Cambisols. 
 
 
3.2.3 Mesoclimate and Bioclimate 
All sample plots are characterized by a typically Mediterranean climate, which means mild, rainy winters 
and warm, dry summers. 
In order to describe better the climatic conditions which might influence vegetation dynamics in the 
sample plots, one must look at the mesoclimatic conditions. These can be described by a list of the 
determining characters (mean/maximum/minimum temperatures, mean/maximum/minimum rainfall, 
altitude, exposition) or by a combination of them (= climatic indices). A climatic index which tries to 
classify an area in sub-areas of homogeneous conditions for the growth of certain plant communities is 
named a bioclimatic index. 
For the present study the bioclimatic characterization of the sample plots will be done following Rivas-
Martínez (Rivas-Martínez, 1994; Rivas-Martínez & Loidi Arregui, 1999), who proposed a bioclimatic 
classification of the Mediterranean part of Europe which is based on two indices: one characterizes the 
temperature regime or the Thermotype (= thermal index It) and the other characterizes the rainfall 
regime or Ombrotype. 
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More in detail, It is calculated through the following formula (all in °C): 
 
It = (T + M + m) × 10        (Formula 3.1) 
 
with 
T = Mean annual temperature; 
M = Mean of the maximum temperatures of the coldest month;  
m = Mean of the minimum temperatures of the coldest month. 
The value of It determines the Thermotype, while the mean annual precipitation determines the 
Ombrotype (Tab. 3.2).  
 
Tab. 3.2. The ranges of It and mean annual precipitation which determine the Thermo- and Ombrotype in the bioclimatic 
classification of Rivas-Martínez (Rivas-Martínez, 1994; Rivas-Martínez & Loidi Arregui, 1999). 

Thermotype It Ombrotype Rainfall (mm) 
Upper crio-oromediterranean from –100 to -156 Ultra-Hyperhumid >2.300 
Low crio-oromediterranean from –55 to -11 Upper Hyperhumid da 1.950 a 2.300 
Upper oromediterranean from –10 to 29 Low Hyperhumid da 1.600 a 1.950 
Low oromediterranean from 30 to 69 Upper Humid da 1.300 a 1.600 

Upper Supramediterranean from 70 to 119 Low Humid da 1.000 a 1.300 
Mid Supramediterranean from 120 to 163 Upper Subhumid da 800 a 1.000 
Low Supramediterranean from 164 to 209 Low Subhumid da 600 a 800 

Upper Mesomediterranean from 210 to 256 Upper Dry da 450 a 600 
Mid Mesomediterranean from 257 to 303 Low Dry da 350 a 450 
Low Mesomediterranean from 304 to 349 Upper Semi-Arid da 275 a 350 

Upper Thermomediterranean from 350 to 400 Low Semi-Arid da 200 a 275 
Low Thermomediterranean from 401 to 449 Upper Arid da 150 a 200 

Inframediterranean from 450 to 500 Low Arid da 100 a 150 

 
 
On the Aeolian Islands, mesoclimate is strongly influenced by the surrounding sea which 1) reduces 
the daily temperature gradient and 2) increases air humidity (Lo Cascio & Navarra, 2003). The mean 
annual temperature is 18.3 oC, with the minimum monthly mean in January (12.2 oC) and the maximum 
monthly mean in August (27.2 oC). The mean precipitation of the Archipelago is 620 mm of rain, a value 
which may vary from year to year also to about 50%. Summer drought lasts for 4-5 months. 
Even if the only measuring station is on Salina, there have been attempts to attribute bioclimatic strata 
to the single islands. Except but one, all sample plots on the Aeolian Islands are characterized by a 



  3. Part I 

 37

Thermomediterranean Upper Arid bioclimate (Tab. 3.3, Fig. 3.8; Brullo et al. (1996), Dr. Salvatore 
Pasta, pers. comm.). Only one plot on Salina is classified as Thermomediterranean Low Subhumid, 
which means that the Thermotype is the same as in the other sample plots, but one can expect higher 
precipitation values. 
 
Tab. 3.3. Main abiotic characteristics (soil; altitude range; bioclimate) of the five study areas. L = deriving from limestones; V 
= deriving from volcanic rocks. 

Bioclimate Area Soil Altitude range 
(m a.s.l.) Thermotype Ombrotype 

Upper Subhumid Mesomediterranean Low Subhumid 
Upper Subhumid Palermo Mts. L 315-825 

Thermomediterranean Low Subhumid 
Low Subhumid Mesomediterranean Upper Arid Hyblaean Plateau L 280-740 

Thermomediterranean Low Subhumid 
Low Subhumid Aeolian Islands V 50-525 Thermomediterranean Upper Arid 

Pantelleria V 170-470 Thermomediterranean Upper Arid 
Supramediterranean Upper Subhumid 

Low Humid 
Low Subhumid Etna V 530-1505 Mesomediterranean 

Upper Subhumid 
 
 
On Pantelleria, there is a drought period of five months in summer. High rainfall amounts occur during 
the winter season; about 72% of the total amount of the annual rainfall is recorded between October 
and February (Gianguzzi, 1999a). From 1979 to 1992, monthly average temperatures varied from 25.6 
oC (August) to 11.7 oC (January). The amount of rainfall varies remarkably not only in the course of the 
year, but also from one year to another. For example, annual precipitation in 1922 was 124 mm, 
whereas in 1976 were recorded 955 mm. Relative air humidity is quite high because of the surrounding 
sea. It ranges from 74.5% in summer to 80.3 % in winter (measured data from 1951 to 1980; 
Aeronautica Militare, 1985). Along with summer drought and high values of radiation, salty wind is a 
climatic factor that strongly influences the vegetation on Pantelleria. On average, wind is registered on 
337.5 days per year. The dominant winds come from N/NW or S (Agnesi & Federico, 1995) and have a 
desiccative effect on vegetation because they increase transpiration losses of water.  
All sample plots on Pantelleria Island were made in the Thermomediterranean Upper Arid bioclimatic 
belt which characterizes large part of the island (Fig. 3.8; Brullo et al., 1996; Gianguzzi, 1999b). 
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Regarding Mt. Etna, the (bio)climatic conditions are more complex, since the sample plots are 
distributed on much larger surfaces. Moreover, climatic conditions vary between the main slopes. For 
example, the Eastern slope is the much more humid than the Western one. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.8. Location and bioclimatic characterization (after Brullo et al., 1996; Cartabellotta et al., 1998) of the sample plots 
within the five study areas: A) Aeolian Islands, B) Palermo Mts., C) Etna, D) Pantelleria, E) Hyblaean Plateau. B, C and E 
areas share the same scale. 
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For the areas where the sample plots have been made, drought period in summer lasts three months 
and most part of the rainfall is recorded between October and January. Mean annual rainfall ranges 
from 600 to 1,200 mm. Mean annual temperatures are between 14-16 oC, with the hottest months being 
July and August (24-30 oC) and the coldest ones are December and January (0-6 oC). Snow is frequent 
in winter down to altitudes about 1,400 m a.s.l. 
Most of the sample plots on Mt. Etna are located in the Mesomediterranean Low Humid belt of the 
mountain. One plot is situated in Mesomediterranean Upper Subhumid conditions, two plots in 
Mesomediterranean Low Subhumid conditions and five plots in Supramediterranean Upper Subhumid 
conditions (Fig. 3.8). 
 
Also the Palermo Mountains are not homogeneous from a climatic point of view. The sample plots 
were recorded in areas characterized by mean annual temperatures of 14-18 oC, with the hottest 
months being July and August (30-32 oC) and the coldest ones Dicember, January and February (2-8 
oC). The drought period in summer lasts four months, while most of the annual rainfall (means between 
700 and 1,000 mm) is recorded between October and February. 
The main part of the sample plots in the Palermo Mts. is located in the Mesomediterranean Low 
Subhumid bioclimatic belt. From the remaining plots, six are characterized by Thermomediterranean 
Upper Subhumid conditions, one plot by Thermomediterranean Low Subhumid and another plot by 
Mesomediterranean Upper Subhumid conditions (Fig. 3.8). 
 
On the Hyblaean Plateau, the precipitation values increase the higher the altitude gets (Grande, 1996). 
In fact, in the surrounding of Buccheri, Sortino, Buscemi and Monterosso (next to Monte Lauro which is 
the highest point of the Hyblaean Plateau), mean annual rainfall is 800 mm, while seaward and inland 
rainfall is lower. In the highest altitudes there can also be snow in the winter. In the whole area where 
sample plots have been recorded, mean annual rainfall ranges between 500 and 800mm. Most part of 
the annual rain falls between October and January. In summer, there is a drought period of  four 
months. 
The mean annual temperatures decrease with increasing altitude. They range between 14 and 18 oC, 
with the hottest month being July (30-34 oC) and the coldest months being Dicember, January and 
February (2-8 oC). Daily temperature oscillations are noteworthy since they are often more than 10-15 
oC.  
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From a bioclimatic point of view, large part of the sample plots in the Hyblaean Mts. are classified as 
Mesomediterranean Low Subhumid. Four other plots are located in the Thermomediterranean Low 
Subhumid belt and other five samples in the Mesomediterranean Upper Arid belt (Fig. 3.8). 
 
 
3.2.4 Land-use history 
The first settlements known for the Aeolian Islands date from V millenium BC (Lo Cascio & Navarra, 
2003). During Greek and Roman dominations large parts of the major islands were probably cleared in 
order to create arable surfaces. The outer islands were not inhabited, but only used for cattle raising.  
In this way, for many centuries the islands may have maintained their woody aspect, while to a certain 
degree they were cultivated. Still in the XVII century, for example, Campis (1694) wrote that Alicudi was 
much more uncultivated than the other islands; it maintained main part of its “dense woods”. 
With an economy based on agriculture, the Aeolian population lived in relative prosperity during the 
period of Norman domination. When North African pirates conquered Lipari in the year 1544, large part 
of the 10.000 inhabitants were deported. The Spanish authority, however, took care of repopulating the 
island and after a short time the island’s economy was rebuilt. With increasing prosperity also the other 
islands were again populated, first in a temporary and then in a stable way. The stable settlements 
(present in all islands at the beginning of the XVIII century) are accompanied by extended cultivated 
surfaces, attacking now also the woods which had been preserved in order to have a refuge in case of 
pirate invasions (frequent until the beginning of the XIX century) and to assure the citizen’s right to 
collect wood in the forests. There were large surfaces of olive and vine cultivations.  
De Dolomieu (1783) described the existence of a law prohibiting the cultivation of the summits of the 
islands and remarks that this law was completely ignored by the local increasing population which 
extended, disregarding all laws and risks, the cultivated surfaces everywhere where it was possible. So, 
as at the end of the XIX century remain only small traces of the natural woods on the islands, it can be 
hypothesised that the XVIII and the XIX have been the most important period of terrace construction on 
the Aeolian Islands. At the end of the XIX century the Archipelago’s population was about 21,000 
heads; the success of agriculture (cereal crops and cattle) can be shown easily with the example of 
Alicudi, where the population increased from 1,000 to 1,500 heads in the first years of the XX century. 
At this point in history, the whole island was cultivated by terraces except for its inaccessible parts. 
However, at the beginning of the XIX century arrives also the parasite Phylloxera vastatrix which within 
few years destroyed large part of the vinyards of all Aeolian Islands. Together with other socio-economic 
changes (e.g. profit lowering due to the reduction of sailing ships) the local economy underwent a 
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severe crisis which lead to the emigration of large parts of the population to extra-European countries. 
Within the XX century the Aeolian population is reduced to a half with a drastic abandonment of the 
more isolated islands: the population on Stromboli, Filicudi and Alicudi is reduced by 80-90%. In the last 
30 years of the XX century the local economy recovered strength for the turistic attraction of the 
Archipelago. 
Part of the abandoned surfaces have been afforested with exotic species, such as Eucalyptus spp., 
Robinia pseudacacia and Acacia cyanophylla, which now create the problem of showing their ability to 
“naturalise” and expand. The not afforested surfaces of the abandoned terraces are partly subject to 
arson or negligence burning and, as a consequence, suffer erosion processes. Another part is grazed 
(by goats, sheeps and cattle); these are the Northern part of Alicudi, the Southwestern part of Filicudi, 
the Central-Western part of Lipari and the Northern part of Vulcano. 
The abandonment of agriculture has also lead to the loss of the cultural identity of large parts of the 
population with its environment. The consequences can be observed in the form of illegal dump sites 
and the recent construction mentality. 
 
On Pantelleria Island, the first proof of human settlements dates back to 2,000-1,300 B.C. (Bronze 
Age), even if the obsidian of Pantelleria must have been subject to merchandising already in 5,000 B.C. 
(Francaviglia & Piperno, 1987). The principal activities of the first settlers, the “Sesioti” were based upon 
obsidian trade, hunting, cattle keeping and agriculture.  
The Punic population, who lived on Pantelleria already in the VII century B.C. (Pasta & La Mantia, 
2004), was the first to organize the island’s territory in a rational way by the building of terraces and 
cisterns, but their economy was based on sea trade. In fact, it is only under Roman domination (217 
B.C.) that agriculture became for the first time one of the most important sectors of the island’s 
economy. Referring to results of archeological studies, Barbera (1996) assumes that in the Roman 
period most of the island was inhabited and cultivated. 
Also during Byzantine (551-835 A.D.), Arab (835-1123) and Norman (1123-1282 A.D.) domination 
agriculture remained the most important activity on the island. Even if there is no specific proof, Barbera 
(1996) assumes that under the Arabs almost the whole island was terraced or occupied by rural 
constructions. 
Since 1361, Pantelleria was subject to feudalism, which controlled agricultural activity until its abolition 
at the beginning of the XIX century. Together with the feudal system, frequent pirate invasions limited 
the intensity of agriculture. As a consequence, in the 18th century the cultivated surface of the island 
was reduced to the zones next to the city of Pantelleria (Broggia, 1757). 
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The reduction of pirate invasions and the abolition of the feudal system lead in the XIX century to a 
strong expansion of cultivated surfaces and to the reduction of wooded surfaces due to charcoal 
production. While in the year 1809 about 50% of the island must have been covered by woods, in the 
year 1863 this value is lowered to about 35% (Calcara, 1853; Furia, 1863; Pasta & La Mantia, 2004).  
Other important factors, like the diffusion of steam navigation, the improvement of trade security, the 
success of Sicilian wines and the increased demand for wine caused the island’s farmers to plant even 
more vine, and once again, the largest part of Pantelleria was terraced and cultivated (Brignone 
Boccanegra, 1908). Thanks to vine cultivars of American origin, the arrival of Phylloxera vastatrix on 
Pantelleria in 1930 did not end as a disaster for the island’s economy, contrarily on what happened at 
the Aeolian Islands. Thus, with a short interruption during the Second World War, vine cultivation 
expanded up to the 1950s/60s, which, in the 20th century, is also the period of highest population size 
on Pantelleria; in 1950 the island had more than 10,000 inhabitants, nearly 4,000 more than today.  
During the following decades, however, the island’s agriculture had to face serious problems: the 
strongly fragmented terrace landscape, overaged vine plants, high transport costs and the lack of 
effective product marketing caused the abandonment of large areas. While in 1929, 81.6% of the 
island’s territory was cultivated (Barbera, 1996), this percentage decreased to 16.1% in 2000. The 
remaining vineyards are mainly situated in the small-sized plains and on the more accessible terraces.  
As agriculture became less significant for the island’s economy, tourism became more and more 
important. During the summer months of 1999 35,050 tourists were recorded; this number increased to 
40,458 in the following summer (Associazione Italiana Interpreti Naturalistici Educatori Ambientali, 
2000). 
 
Even if Mt. Etna has been active in the last millennia, there are traces of pre-Italic and pre-Greek 
settlements on its slopes (AA.VV., 2007). These first settlers – Sicans, Mycenean, Siculs - were farmers 
who practiced cattle breeding and crop agriculture in the fertile valleys of Mt. Etna. 
Afterwards, also the cultivated surface by Greek and Punic settlers could not have reached a large 
extent, as the Roman writer Titus Lucretius Caro describes Mt. Etna as a mountain covered by dense 
woods and lacking human settlements.  
It is only under Arab and Norman domination that, thanks to the expansion of travelling roads, Mt. Etna 
starts to host stable settlements of a certain importance. However, still in these centuries the slopes of 
Mt. Etna were covered by dense woods, which can only be extensively used for cattle for the lack of 
drinking water. The cultivated surfaces were still restricted to the foot of the mountain. 
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In the XVII century the wooded surfaces were reduced in order to extract wood for ship construction and 
to clear fields for silk production. 
Around 1850, the wooded surface measured 32,000 ha, which is twice as large as today. The wood was 
interrupted by a fast-growing system of terraces, which were more and more used for vine and not any 
more for the cultivation of Morus. As on Pantelleria, the abolition of feudal rights in the year 1812 has 
catalyzed the activity of small farms. The rural centers and terraces reached 1,300 m a.s.l. At the end of 
the XIX century the old wood had disappeared, except for the Northern slope of the mountain where still 
some noteworthy remnants survived.  
In the first decades of the XX century the volcano’s slopes were still characterized by a diverse cultural 
landscape, where grain, chestnut and fruit trees were cultivated in the higher altitudes (1,000-1,600 m 
a.s.l.), while vine cultivations reached a maximum of 1,300 m a.s.l. (Tab. 3.4). 
 
Tab. 3.4. Upper limits of the main crop plants on the slopes of Mt. Etna (Northern/ Southern slope in m a.s.l.) (from AA.VV., 
2007, modif.). 

Crop plant Hupfer (1895) Crinò (1908) Speranza (1963) Today 
Grain fields 1,000/ 1,630 1,150/ 1,450 1,580/ 1,780 Absent 

Chestnut groves (no data) 950/ 1,540 1,520/ 1,700 1,600/ 1,450 
Vineyards 950/ 1,100 850/ 1,300 1,250/ 1,120 900/ 850 

Fruit Tree Orchards (no data) (no data) 1,610/ 1,250 1,400/ 1,500 
Citrus Tree Orchards Absent / 350 Absent / 355 530/ 450 450/ 400 

Olive groves 750/ 850 750/ 1300 1.090/ 1.040 1.100/ 1000 

 
 
However, the socio-economic changes of the XX century affected also the agriculture on Mt. Etna. The 
main period of agricultural abandonment begins in the 1950s. As in all the other study areas, the 
insuitability of terrace agriculture to be mechanized and the rural exodus were important factors for 
these processes. However, on Mt. Etna another factor exasperated the situation: grain and chestnut 
were cultivated in high altitudes and, thus, from a productive point of view, had poor yields (Dr. 
Tommaso La Mantia, pers. comm.). Today, no grain cultivation is left on Mt. Etna. Chestnut wood 
production still plays a certain role even if the wood quality suffers from the fungi Endothia parassitica 
which has also been responsible for chestnut cultivation decline. 
Also vine and pistachio cultivation has a certain importance and profit, even if there are also large 
abandoned surfaces where once these crop plants were cultivated (Massa et al., in press), have been 
substituted by vineyards.  



  3. Part I 

 44

Other traditional crops as fruit tree (apple, pear, etc.) and hazelnut are still practiced but with low profits. 
In some areas, cattle breeding is quite intense.  
Tourism and the production of typical local products has become an important source of income. 
Moreover, the lower part of the Southern slope of the mountain is subject to intense urbanization 
processes. 
 
The land-use of the Palermo Mts. has always been strictly linked to the activity of the citizens of 
Palermo. 
For its mild climate and the rich water supply, the Conca D’Oro, which is the coastal plain surrounded by 
the Palermo Mountains, has been early colonized. There are traces of early agriculture already during 
the VI millennium B.C. (Barbera, 2000). However, the original wood vegetation remained unaltered for 
some other millennia up to the arrival of the Romans (450 B.C.), who began to clear and raise cattle in 
part of the territory (Pasta, 1997). 
The period of Arab domination (831-1072 A.D.) has been very important for the agriculture of Palermo. 
However, the cultivated surfaces remained also in these centuries those ones near to the city, and, thus, 
in the plain. The Palermo Mountains must have been in large parts covered by woods or shrublands 
which were used for cattle breeding and were partly devastated by clearings during the turbulent period 
of Anjous and Aragonese dominations (XIII - XV century).  
The woody surfaces get strongly reduced during the XV century because in that period the cultivation of 
sugar cane was widespread in the Conca D’Oro. Since all steps of sugar production need large 
amounts of wood, the Palermo Mountains were completely cleared from woods within only one century 
(Trasselli, 1982). 
Between 1500 and 1750 there has been a further reduction of surfaces covered by maquis in order to 
cultivate olives, manna ash, sumac-tree (Rhus coriaria L.) and vine in the mountains or on their foots. 
However, even under this intense process of cutting and grazing, in 1750, the wooded surface was 
twice or triple as much as today, including today’s large afforestation areas (Pasta, 1993). 
Due to the boom of Citrus cultivation between 1850 and 1900, large cultivated surfaces (tree crops as 
well as vine) have been abandoned in this period (Rühl, unpubl. data). On the mountain feet, part of 
them were substituted by Citrus tree cultivations. During Fascism, a considerable part of the mountain 
slopes was cultivated for grain production (Dr. Tommaso La Mantia, pers. comm.). After the Second 
World War, however, these were abandoned and, as those abandoned already at the beginning of the 
century, have since then been subject to intense grazing and/or fire disturbances. 
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Still another land use influences negatively the Palermo Mountains: between 1950 and today have been 
realized about 1,000 ha of allochthonous-species afforestations (Pinus ssp., Eucalyptus ssp.). 
 
The cultural landscape of the Hyblaean Plateau is one of the most anciently colonized and transformed 
landscapes of Sicily (Grande, 1996). Since the first colonizations, there has been agricultural and 
pasturing activity. Moreover, the landscape’s aspect is closely linked to its richness in stones and rocky 
outcrops. In fact, the elements “stone” and “dry stone wall” are, if this is possible, seem even more 
present than in the other terraced landscapes due to the bright colour of local limestones and because 
dry-stone walls were used not only for terrace construction but also for the delimitation of property, to 
keep cattle in a delimited area and to clear fields from stones (Ruggiero & Scrofani, 1996). 
More in detail, the deep canyons of the Hyblaean Plateu have been inhabited already in pre-historic 
times (Di Pasquale & Garfí, 1988, 1989a, 1989b; Ruggiero & Scrofani, 1996). But it was probably with 
the extension of crop lands during the Greek period (from VIII century B.C. onwards) that the landscape 
began to have a rural aspect on a larger scale. However, during this period and also along the following 
Roman domination large wooded surfaces survived. 
During the following centuries, under Arab domination, there was no change in landscape organisation, 
with many small rural centers cultivating large part of the territory. But with feudalism under Normans 
and their successors, between the XII and XIV century, the agricultural system was modified. The small 
rural centers were grouped to small towns and large land surfaces were administrated by few land 
owners directly depending upon the king of Sicily. The citizens had the right to lend land for cattle 
raising and crop cultivation and were authorized to collect wood and litter in the woods. During these 
centuries “transhumance” system developped, i.e. the lands of the Hyblaean Plateau wer used as winter 
meadows with a translocation of all cattle in summer to the upper mountainous regions of northern 
Sicily.  
The land use system, cattle raising and crop cultivation in a feudal system, was unmodified up to the 
first decades of the XX century. At this point in time, the landscape was at its peak of anthropogenic 
pressure. All usable surfaces were cultivated and the woods were intensely used. Large grazed 
surfaces were agro-forestry systems, characterized by a contemporary cultivation of olive, almond and 
carrob trees. This pressure increased even more when, at the beginning of the XX century, the former 
feudal properties were finally given to local farmers.  
But during the first decades of the XX century the low profits of agriculture obliged many inhabitants to 
leave Sicily. Still in the 1950s there was a high number of emigrants to extra-European countries. 
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Today, still large surfaces are cultivated by grain and olive crops, and the grazing pressure is high. Also 
the areas which have been abandoned with the emigration flow (mostly carrob and olive groves and 
grain crops) are often grazed. Fires are frequently used to clear grazing land.  
 
 
3.2.5 Presence and habit of dispersal centers 
On the Aeolian Islands, the intense land use of past centuries has lead to the reduction of the number 
of present woody species. In fact, some of the islands are quite poor in potential forest species (Tab. 
3.5). 
 
Tab. 3.5. List of the most important woody species of the Aeolian Islands Alicudi, Filicudi, Lipari and Salina (Dr. S. Pasta, 
unpubl. data). The abbreviations mean: er = extremely rare (<20 spontaneous individuals on the whole island); vr = very rare 
(<200); r = rare (<2000); l = localized; c = frequent ; nd: data not available.  

Taxon Alicudi Filicudi Lipari Salina 

Arbutus unedo L. r l r c 
Artemisia arborescens L. c c c c 
Cistus creticus L. s.l. c c c c 
Cistus monspeliensis L. vr l nd nd 
Cistus salvifolius L. c c c c 
Crataegus monogyna Jacq. vr    
Cytisus villosus Pourr.  vr  r 
Erica arborea L. c c c c 
Euphorbia dendroides L. vr nd nd c 
Fraxinus ornus L. er  r nd 
Teline monspessulana (L.) C. Koch c c c c 
Genista thyrrena Valsecchi  l c c 
Myrtus communis L.   vr nd 
Phillyrea latifolia L.  nd vr  
Pistacia lentiscus L. c c c c 
Populus alba L.  nd vr nd 
Quercus ilex L. er  r nd 
Quercus pubescens Willd. s.l. er er er nd 
Rosa micrantha Sm. vr nd   
Rubus ulmifolius Schott c c c c 
Sorbus torminalis (L.) Crantz  er   
Spartium junceum L. c c c c 
Thymelaea hirsuta (L.) Endl.  c  c 

 
 
On Pantelleria Island, many woody species typical to the maquis and shrubland communities are 
rather widespread and common in more or less small nuclea all over the island. The most frequent 
species are Pistacia lentiscus, Arbutus unedo, Erica arborea, Erica multiflora L., Quercus ilex, Myrtus 

communis, Phillyrea latifolia, Daphne gnidium L., Olea europaea L. var. sylvestris (Miller) Lehr., 
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Euphorbia dendroides, Teline monspessulana, Cistus creticus s.l., Cistus salvifolius, Cistus 

monspeliensis, Pinus pinaster Aiton subsp. hamiltonii (Ten.) Huguet del Villar and several lianes, such 
as Asparagus acutifolius L., Lonicera implexa (L.) Aiton and Smilax aspera L.. 
 
On Mt. Etna, in many areas dispersal centres are even more frequent and common than on Pantelleria. 
These can be woods, maquis or shrublands and host as the most frequent species those ones listed in 
Table 3.6. 
 
Tab. 3.6. The most frequent woody species present on Mt. Etna, in the Palermo Mts. and on the Hyblaean Plateau. The 
abbreviations mean: l = localized; c = frequent, cc = very frequent. 

Taxon Mt.Etna Palermo Mts. Hyblaean  
Plateau 

Anagyris foetida L.  c  
Asparagus acutifolius L. cc cc cc 
Asparagus albus L.  cc cc 
Calicotome infesta (C.Presl) Guss. c cc c 
Cistus creticus s.l. c l l 
Cistus salviifolius L.  c l 
Clematis cirrhosa L. l c c 
Coridothymus capitatus (L.) Reichenb. fil.  cc cc 
Crataegus monogyna Jacq. l c c 
Cytisus villosus Pourret c   
Daphne gnidium L. l c c 
Erica multiflora L.  c l 
Euphorbia characias L. subsp. characias c c c 
Euphorbia dendroides L. l cc l 
Fraxinus ornus L. l c l 
Genista aethnensis (Rafin.) DC. cc   
Lonicera etrusca G. Santi l c l 
Lonicera implexa Aiton l c c 
Olea europaea L. var. sylvestris (Miller) Lehr.  c c 
Phillyrea latifolia L.  cc c 
Pistacia lentiscus L.  c c 
Pistacia terebinthus L. l c l 
Prasium majus L. c cc c 
Prunus spinosa L. l c  
Pyrus amygdaliformis Vill.  c c 
Quercus ilex L. l c c 
Quercus virgiliana (Ten.) Ten. c c c 
Rhamnus alaternus L.  cc c 
Rosa sempervirens L.  c c 
Smilax aspera L. c cc c 
Spartium junceum L. cc cc c 
Teucrium flavum L. l c c 
Teucrium fruticans L. l cc cc 

 
 
The Palermo Mountains are the exact opposite of Mt. Etna, since the intense past land use has 
strongly reduced the dispersal centres for woody species. The ongoing strong anthropogenic pressure 
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on vegetation today inhibits woody expansion. So, the few remnants of woods and maquis are scattered 
on inaccessible cliffs, and always cover quite small surfaces. The most common woody species of the 
Palermo Mts. are listed in Table 3.6. 
 
Also the Hyblaean Plateau underwent and still undergoes strong anthropogenic pressure. However, 
here more woods, maquis and shrublands are present than in Palermo Mts. The reason for this fact may 
be the local tradition to keep oak individuals as coppices at the border of the cultivated fields, but also 
the presence of many nuclea of rock outcrops which inhibited all other uses but grazing. The most 
frequent species present in these dispersal centers are listed in Table 3.6. 
 
 
 
3.3 Data sampling methods 
 
The first data set is made up of vegetation relevés, which put in evidence vegetation dynamics on 
Sicilian terraces on a regional scale.  
 
3.3.1 Vegetation relevés 
From an ecological point of view, a terrace can be subdivided in at least three units: the level terrace 
surface, the base of the wall and the wall (Fig. 3.9). The terrace surface is exposed to wind and 
radiation without the mitigating effect of the wall. The base of the wall offers milder conditions than the 
terrace surface because it is more shaded (Northern expositions), it is protected from winds and it is 
characterized by an elevated soil moisture due to air humidity condensation during the night and due to 
the drainage water arriving from the terrace upward the slope. The wall is characterized by the almost 
absolute lack of soil. Only in small niches between the wall stones it is possible to find very little 
amounts of soil. These niches give place to nocturnal condensation of air humidity, so that even the 
terrace wall can be colonized by many vascular plant species. 
Vegetation relevés were made in 129 sample plots on the terrace level surface. More in detail, the 
vascular plant communities have been checked basically through vegetation relevés based on the 
Zürich-Montpellier phytosociological method (Braun-Blanquet, 1964). Plants presence and cover was 
recorded for each layer. However, Braun-Blanquet’s scale was used only for cover values under 5%, 
while higher cover values were carefully calculated, with a precision degree of 1% for cover values 5-
15% and of 5% for cover values >15%.  
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Fig. 3.9. Scheme of a terrace, consisting of the terrace surface, the base of the wall and the wall (from Rühl, 2003, modif.).  

 
 
In addition, every single individual of woody species was counted, separating seedlings, saplings and 
adults. A seedling was defined as a one-year-old individual, a sapling as an individual up to 30 cm of 
height and an adult as an individual of more than 30 cm of height. 
Plant nomenclature and classification is based upon Pignatti (1982), Tutin et al. (1964-1980) and 
Greuter et al. (1984-1989). 
Only abandoned vineyards or grain crop fields were selected as sample plots, while all abandoned olive 
groves and fruit orchards have been excluded, as it can be assumed that secondary succession 
processes are modified by tree presence in the old field (Bonet, 2004). Selected sample plots were 
always 50 m2-sized to allow data comparison.  
 
 
3.3.2 Abiotic data 
During field work, for every sample plot the following abiotic data were recorded: 1) exposition, 2) 
altitude, 3) position by GPS, 4) inclination of the terrace surface (if present) and 5) type of former crop 
plant (by remaining plants or by interviews with local farmers). 
Moreover, the disturbance signs were assessed, so that every sample plot was ascribed to one of four 
possible categories differing for their “disturbance status” (presence/absence and nature of 
disturbance): burnt (F), grazed (P), cultivated (C) and undisturbed (U) plots. Category “F” includes all 

 

 base of 
the wall terrace surface 

wall 
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the plots where carbonized stems, resprouted plants or local people interviews allowed to verify that a 
fire has really affected them. Relevés have been made only in terraces where fire occurred at least five 
years ago, but in the main part of the F-relevés, fire occurred more than ten years ago. Category “P” 
grouped all those relevés where grazing has been and still is a strong disturbance factor. Grazing was 
verified by directly observing animals (cattle, sheep or goats) or their excrements. In most cases, when 
there is grazing there is also burning, so actually “grazing” represents both disturbance factors. 
Category “C” includes all the still cultivated sample plots, namely vine or grain crops. Finally, all the plots 
where the above mentioned disturbance factors were absent have been referred to Category “U”. 
 
Apart from these abiotic data recorded in the field, other data were obtained through thematic maps and 
from aerial photographs: 1) age of abandonment, 2) geological substrate and 3) local bioclimate. 
For every sample plot, abandonment age was checked through aerial photographs of the years 1955, 
1968, 1987, 1992, 2000 and 2002. In this way, plots were attributed to six different abandonment age 
classes: Class 1 = still cultivated today; Class 2 = still cultivated in 2002, thus abandoned not more than 
4 years ago; Class 3 = still cultivated in 1987, thus abandoned about 5-20 years ago; Class 4 = still 
cultivated in 1968, thus abandoned about 20-40 years ago; Class 5 = still cultivated in 1955, thus 
abandoned about 40-50 years ago; Class 6 = already abandoned in 1955, thus abandoned more than 
50 years ago. 
The geological substrate and the local bioclimate were defined by the thematic maps which have been 
already cited in paragraph 3.2. 
 
 
 
3.4 Data evaluation methods 
 
For data evaluation were included also 180 relevés from 60 sample plots made for the Diploma Thesis 
on Pantelleria Island (Rühl, 2003). These relevés had been recorded with the same approach as 
described in paragraph 3.3, with the only difference that the relevé surface on the terrace surfaces was 
not always 50 m2, but was determined for every relevé by following the minimum-area concept (Braun-
Blanquet, 1964). For this reason, these relevés were excluded from the species diversity evaluations. 
Before data processing, species’ covers <5% were transformed following van der Maarel (1979). 
 



  3. Part I 

 51

3.4.1 Plant Diversity 
In order to characterize terrace vegetation also in the species-richness perspective, the number of 
species for every sample plot was calculated. Then, a t-test was used to check for the extent of 
influence of geological substrate type (volcanic vs. limestone) on species richness. Moreover, a One 
Way ANOVA was used to check the influence of disturbance status (undisturbed vs. burnt vs. grazing) 
on species richness, applying Holm-Sidak’s method of pairwise multiple comparison with a significance 
level of P < 0.05. 
 
3.4.2 Indicator species 
It was tested if there is a link of certain species to fire or grazing disturbance. Cover values of 
Ampelodesmos mauritanicus (Poir.) Dur. et Schinz, Artemisia arborescens L., Brachypodium retusum 
(Pers.) P. Beauv., Calicotome infesta (C. Presl) Guss., Calicotome villosa (Poir.) Link, Cistus creticus L., 
Cistus monspeliensis L., Cistus salvifolius L., Cistus spp. (= total cover of all Cistus species), Pistacia 

lentiscus L., Quercus ilex L., Quercus pubescens Willd. s. l., Rubus ulmifolius Schott, and Spartium 

junceum L. were compared in the different disturbance status-prone plots referred to “U”, “F” and “P” 
categories. The sample plots on limestones and those on volcanic rocks were analysed separately, 
since some species may play a dominant role in disturbed vegetation only on one substrate, but not on 
the other. Cover values were compared using Kruskal-Wallis One Way ANOVA on ranks, using 
SigmaStat 3.0 software. In case of significant difference of median values a Dunn’s pairwise test was 
performed with a significance level of 0.05. 
 
3.4.3 Correlation analysis 
In order to test if an increase in abandonment age means automatically also an increase in woody 
cover, a correlation analysis was performed using PEARSONs product analysis. Overall significance 
level was P < 0.05. The analyses were done separately for disturbed and undisturbed, and separately 
for volcanic and limestone plots. 
 
3.4.4 Multivariate Analysis 
In a first step, multivariate analysis was used to identify environmental factors accounting for most of the 
variance within the vegetation data. A data set including all vegetation relevés was analysed with 
Detrended Correspondence Analysis (DCA), using CANOCO 4.0 (ter Braak & Smilauer, 2002). The 
resulting axes were subsequently correlated to environmental data, namely a) bioclimate (Thermo- and 
Ombrotype), b) abandonment age (in terms of age classes 1 to 6), c) disturbance status (undisturbed 
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vs. burnt vs. grazed), d) geological substrate (volcanic vs. limestone) and e) exposition (North vs. 
South). 
As a second step, DCA was repeated, but this time relevés coming from the thermomediterranean belt 
were analysed separately from the mesomediterranean ones. This analysis was not made for 
supramediterranean plots because they were too few. The subsequent correlation to environmental data 
was done using the same factors as above; however, some factors were defined more in detail. 
Abandonment age was calculated as the average years passed since abandonment. In this way, Class 
1 remained “1”, while Class 2 was transformed into “in average three years after abandonment”, Class 3 
into “in average 12 years after abandonment”, Class 4 into “in average 28 years after abandonment”, 
Class 5 into “in average 44 years after abandonment” and Class 6 into “in average 70 years after 
abandonment”.  
Also geological substrate was classified more in detail, using the classes attributed to every sample plot 
on the basis of the geological maps described in paragraph 3.2. So, apart from the information 
“volcanic” “limestone” genetic type and period of origin was used. 
As a last factor, also exposition was better defined. Sixteen different exposition combinations (N, NNE, 
NE, ENE, E, etc.) were defined. Then, every one of this 16 combinations was attributed to one of nine 
exposition classes, defining SSW as the highest class with the assumption that solar radiation input is 
highest in this position (Tab. 3.7; Parker, 1982).  
 
Tab. 3.7. Exposition classes used as environmental data for multivariate analysis of vegetation relevés. 

Exposition Class Included Expositions 

1 SSW 

2 S, SW 
3 SSE, WSW 
4 SE, W 
5 ESE, WNW 
6 E, NW 
7 ENE, NNW 
8 NE, N 
9 NNE 

 
 
As a third step of data evaluation, a data set including all vegetation relevés was analysed by 
TWINSPAN, which is a hierarchical, divisive, polythetic combination of ordination and classification 
(Kent & Coker, 1992; Glavac, 1996). 
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Sample plot groups (= clusters) resulting from DCA and TWINSPAN were then used for a better 
interpretation of plant communities and to check the dynamic relations between them. In addition, in 
order to describe vegetation physiognomy of every cluster the available structural data (dominance, 
cover percentage of perennial herbs and woody species) was used. 
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3.5 Results 
 
3.5.1 Plant Diversity 
Under undisturbed conditions, there is no statistically significant difference in species richness among 
the sample plots of the two different substrates (Fig. 3.10). Only if disturbance occurs, there is a 
significant difference (P<0.001): limestone plots are richer than the volcanic ones (Fig. 3.12 and 3.13). 
Grazing leads to higher species numbers than fire on limestone as well as on volcanic samples (F = 
29.13, df = 5, P<0.001). On limestone, there is also a significant increase in species numbers from 
undisturbed to grazed samples. 
Highest mean coincides with grazed limestone plots (70 species/50 m2), while the lowest species 
richness has been recorded in burnt volcanic plots (30 species/50 m2). 

 
Fig. 3.10. Mean and standard deviation of 
species richness of all plots in relation to 
geological substrate and disturbance. V = 
Volcanic substrate; L = Limestone substrate; 
U = Undisturbed; F = Burnt; P = Grazed; * = 
Level of statistical significance P<0.001 
between the two geological substrates.  

 
 
 
 
 

 
The high species richness in grazed limestone plots is clearly visible also in Fig. 3.11, which shows the 
sample plot ordination by DCA (cfr. paragraph 3.4.4 and 3.5.4), with every sample represented by a 
symbol that corresponds to its species number. 
 
 
3.5.2 Indicator species 
Only two of the analyzed species show statistically significant higher cover values in relation to a 
disturbance factor. Ampelodesmos mauritanicus prevails on limestone plots disturbed by fire (Fig. 3.14
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Fig. 3.11. Ordination sample plot by DCA (axis 1 and 2). Every sample is represented by its disturbance status (U = 
Undisturbed, F = Burnt, P = Grazed) and geological substrate (V = Volcanic, L = Limestone). The symbol’s size increases 
with increasing species richness of the sample. 

 
 
Fig. 3.12. The highest species 
richness in terraced old fields in Sicily 
is found on limestone substrate and 
where the vegetation is influenced by 
grazing disturbance.  
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Fig. 3.13. The fact that limestone old 
fields are richer in plant species than 

volcanic ones is valid only under 
disturbed conditions. In undisturbed 

conditions, especially the young 
succession stages may reach high 
species numbers also on volcanic 

substrates. 

 

 
 
 
 
 

 
Fig. 3.14. Cover values (median, 25th and 75th percentiles) 
of Ampelodesmos mauritanicus in 50 limestone samples in 
relation to disturbance. U = Undisturbed, F = Burnt, P = 
Grazed. 

 
 
 
 
 
 

Fig. 3.15. Cover values (median, 25th and 75th percentiles) 
of Cistus spp. in 139 volcanic samples in relation to 
disturbance. U = Undisturbed, F = Burnt, P = Grazed. 

 
 
 
 
 
 

 



  3. Part I 

 57

and 3.16; H = 27.97, df = 2, P<0.001): the median cover value in burnt plots is 65.3% (25th percentile 
45%, 75th percentile 70.0%), while it is 0.3% (25th percentile 0.0%, 75th percentile 10.0%) in grazed ones 
and 0.0% (25th percentile 0.0%, 75th percentile 0.0%) in undisturbed terraces. 
In contrast, Cistus spp. become dominant on volcanic substrates when fire disturbance occurs (Fig. 3.15 
and 3.17; H = 27.12, df = 2, P<0.001): the median cover value in burnt plots is 6.0% (25th percentile 
0.0%, 75th percentile 25.0%), while it is 0.0% (25th percentile 0.0%, 75th percentile 0.0%) in grazed ones 
and 0.0% (25th percentile 0.0%, 75th percentile 1.0%) in undisturbed ones. 
 

Fig. 3.16. On limestone, vegetation 
on terraces which has burned after 
abandonment is absolutely 
dominated by the grass 
Ampelodesmos mauritanicus. 

 
 
 
 
 
 
 
 

Fig. 3.17. On volcanic substrates, 
vegetation on terraces which has burned 
after abandonment may be dominated by 

Cistus ssp. 
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3.5.3 Correlation analysis 
Only under undisturbed conditions there is a correlation between abandonment age and woody cover 
increase. While there was no significant correlation between the increase in abandonment age and 
woody cover in burnt and grazed sample plots neither on volcanic nor on limestone substrate, there is a 
high correlation between the two factors in undisturbed limestone relevés (correlation coefficient = 
0.921, P = 0.009) and in undisturbed volcanic relevés (correlation coefficient = 0.702, P < 0.001).  
 
3.5.4 Multivariate Analysis 
When all vegetation relevés are analysed together, eigenvalues of the first three axes of DCA are 0.744, 
0.633 and 0.455; total inertia is 19.7. 
The correlation of the environmental data with the ordination results of DCA shows that axis 1 is 
correlated with abandonment age (correlation coefficient r = -0.71), axis 2 with geological substrate (r = -
0.63), disturbance status (r = -0.54), bioclimate (r = -0.84) and abandonment age (r = -0.72), and axis 3 
with geological substrate (r = 0.87). Thus, these four factors have to be taken into consideration to 
explain relevé clustering. Two conclusions can be drawn from DCA sample ordination plot: first, relevés 
clump from warmer conditions in the upper left to colder conditions in the lower right (Fig. 3.18). Second, 
the influence of abandonment age is strongly depending upon disturbance status: undisturbed young 
succession stages clump on the upper right and old succession stages on the lower left of the sample 
ordination plot, while some grazed relevés are situated in the centre even if abandoned already more 
than 50 years ago (see arrow in Fig. 3.19). 
 
When the vegetation relevés are analysed separately for thermo- and mesomediterranean conditions, 
the influence of the different environmental factors are put in evidence more clearly.  
Under thermomediterranean conditions, eigenvalues of the first three axis in DCA are 0.785, 0.606 
and 0.499. The correlation of environmental factors with the axes reveals that abandonment age (in 
terms of average abandoned years) is correlated to axis 1 (r = -0.81) and to axis 2 (r = -0.84). This fact 
can be explained with the factor “disturbance status”, which is correlated to axis 2 (r = -0.66): 
undisturbed plots cluster in sequence of their abandonment age class from the left to the right of the 
sample ordination diagram (Fig. 3.20). In contrast, if disturbance occurs, the oldest abandonment ages 
are found in the lower part of the diagram. Axis 1 is also correlated to bioclimate in terms of ombrotype 
(r = -0.61). However, the number of samples which are not characterized by “Upper Arid” ombrotype are 
too few to draw any valid conclusions from this. 
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Axis 3 is correlated to exposition (r = 0.75) and to geological substrate (r = 0.64). It is very interesting to 
underline that along the first axis the sample plots made on the Aeolian Islands are almost totally 
separated from the sample plots made on Pantelleria Island, even if both are characterized by volcanic 
substrates (Fig. 3.21). Floristic composition between the study areas is, thus, quite different which may 
have its origin in different colonization patterns of the islands. 
 
 

 

Fig. 3.18. DCA of vegetation data: sample ordination diagram (axes 1 and 2). Every relevé is represented by a symbol 
corresponding to its thermotype (full symbols = Thermomediterranean, grey symbols = Mesomediterranean) and its 
ombrotype (circle = upper arid, triangle = low subhumid, square = upper subhumid, diamond = low humid); empty diamonds 
= Supramediterranean upper subhumid. The eigenvalue of axis 1 is 0.744, while that of axis 2 is 0.633. Inset: the same 
ordination, but symbols showing the substrate of each plot. Empty circles represent volcanic substrates, full ones limestones. 
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Fig. 3.19. DCA of the vegetation data: sample ordination diagram (axes 1 and 2). Every relevé is represented by a symbol 
corresponding to its disturbance status (empty symbols = U, except for empty star = C; grey symbols = F; full symbols = P), 
combined with abandonment age (circle = abandoned before 1955; square = abandoned between 1955 and 1968; triangle-
up = abandoned between 1968 and 1987; diamond = abandoned between 1987 and 2002; triangle-down = abandoned after 
2002). The eigenvalue of axis 1 is 0.744, while that of axis 2 is 0.633. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.20. DCA of vegetation data: ordination diagram of all thermomediterranean samples (axes 1 and 2). Every relevé is 
represented by a symbol corresponding in colour to its abandonment age (orange = still cultivated; black = abandoned in 
average three years ago; red = abandoned in average 12 years ago; blu = abandoned in average 28 years ago; light green = 
abandoned in average 44 years ago; dark green = abandoned in average 70 years ago). The shape of the symbols indicate 
the disturbance status (circle = undisturbed, including still cultivated; square = burnt; triangle = grazed). The eigenvalue of 
axis 1 is 0.785, while that of axis 2 is 0.606. 
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Fig. 3.21. DCA of vegetation data: ordination diagram of all thermomediterranean samples (axes 1 and 2). Every relevé is 
represented by a symbol corresponding in colour to its geological substrate (green = volcanic products of Pantelleria Islands; 
blu = volcanic products of the Aeolian Islands; orange = limestones of the Hyblaean Plateau; red = limestones of the Palermo 
Mountains). The shape of the symbols indicate the bioclimatic ombrotype (circle = Upper Arid, square = Low Subhumid; 
triangle = Upper Subhumid). The eigenvalue of axis 1 is 0.785, while that of axis 2 is 0.606. 

 
 
When only the mesomediterranean plots are analysed, eigenvalues of the first three axes are 0.767, 
0.642 and 0.488. The sample ordination plots shows a clear separation of volcanic and limestone plots 
(r = -0.93 for the factor “geological substrate” with axis 1; Fig. 3.22). However, there is no separation 
between the two limestone sites. 
Bioclimate in terms of ombrotype is correlated to axis 1 (r = 0.77) and to axis 2 (r = 0.51). However, a 
clear distinction exists only between the “Low Humid” and the remnant samples. It is, however, more 
probable that actually axes 1 and 2 do not really represent the influence of the ombrotype because 1) 
bioclimate results in DCA environmental factor analysis correlated to the factor “geological substrate” (r 
= -0.65) and 2) there is no logic sequence in ombrotypes on axis 1 being the most arid sample plots in a 
central position. 
The interpretation of the influence of abandonment age and disturbance on the sample plot ordination is 
quite poor since the mesomediterranean data set includes only few undisturbed relevés. DCA reveals 
that abandonment age in terms of average abandoned years is correlated to axis 1 (r = -0.77), while the 
factor “disturbance status” is correlated to axis 3 (r = 0.92) (Fig. 3.23). In fact, it is true that all plots 
which have been abandoned more than fourty years ago clump in the left part of the diagram. However, 
these plots are all made on limestone, so that no equivalent can be compared for volcanic plots.  
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Fig. 3.22. DCA of vegetation data: ordination diagram of all mesomediterranean samples (axes 1 and 2). Every relevé is 
represented by a symbol corresponding in colour to its geological substrate (blu = volcanic products of Mt. Etna; orange = 
limestones of the Hyblaean Plateau; red = limestones of the Palermo Mountains). The shape of the symbols indicate the 
bioclimatic ombrotype (circle = Upper Arid, square = Low Subhumid; triangle = Upper Subhumid, star = Low Humid). The 
eigenvalue of axis 1 is 0.767, while that of axis 2 is 0.642. 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.23. DCA of vegetation data: ordination diagram of all mesomediterranean samples (axes 1 and 2). Every relevé is 
represented by a symbol corresponding in colour to its abandonment age (orange = still cultivated; black = abandoned in 
average three years ago; red = abandoned in average 12 years ago; blu = abandoned in average 28 years ago; light green = 
abandoned in average 44 years ago; dark green = abandoned in average 70 years ago). The shape of the symbols indicate 
the disturbance status (circle = undisturbed, including still cultivated; square = burnt; triangle = grazed). The eigenvalue of 
axis 1 is 0.767, while that of axis 2 is 0.642. 
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Nevertheless, for the limestone relevés two facts can be affirmed: 1) most part of the grazed plots is 
situated in the diagram more to the right than the burnt plots, 2) burnt plots group much more closer 
together than grazed plots. 
 
From DCA and TWINSPAN resulted 14 clusters of relevés (Fig. 3.24; see Annex 2 for TWINSPAN 
dendrogram). There is a partial overlap between cluster borders. Nevertheless, every cluster showed 
quite a distinct identity when described through a “multiple” approach, i.e. including all available 
information, such as substrate, climate, disturbance status, abandonment age, vegetation structure and 
(eventually) dominant species.  
 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3.24. The 14 clusters of vegetation relevés resulting from DCA and from TWINSPAN drawn in the sample ordination 
diagram (axes 1 and 2) of DCA. The eigenvalue of axis 1 is 0.744, while that of axis 2 is 0.633. Cluster 1 = full diamonds, Cl. 
2 = empty diamonds, Cl. 3 = grey triangles, Cl. 4 = full circles, Cl. 5 = grey diamonds, Cl. 6 = full squares, Cl. 7 = empty 
squares, Cl 8 = full stars, Cl. 9 = grey squares, Cl. 10 = grey stars, Cl. 11 = grey circles, Cl. 12 = empty circles, Cl. 13 = black 
triangles, Cl. 14 = empty stars. 

 
The following description of the single clusters uses some thresholds of shrub and tree cover to 
describe vegetation structure: when tree cover >70%, then it was called “closed woodland”, if <70% 
“open woodland”. The term “mantle” describes the plant communities dominated by broadleaved winter-



  3. Part I 

 64

deciduous tall shrubs and/or by shrubby Fabaceae and Rosaceae, while the terms “shrubland” and/or 
“maquis” were used for tall shrub-dominated communities and “garrigue” for subshrub-dominated ones; 
when the woody cover of these communities was >80%, they were called “closed”, when it was 60-80%, 
they have been indicated as “± closed”, and when <60% the term “patchy vegetation made up of ... (= 
list of the other plant communities in order of cover) with ... (= dominant woody vegetation)” was used. 
When the plots were dominated by perennial grasses they were called “grasslands”, if only by annual or 
biennal herbs they were defined “herbs”. 
As dominant species are listed those species which were found at least in one sample plot with >10% 
cover. 
 
Cluster 1 includes almost all still cultivated terraces (15 relevés); 7 of them have been made on 
Pantelleria’s and Aeolian Islands’ volcanic substrates under Thermomediterranean (TM)-upper (u)-arid 
(a), 4 on the vulcanites of Mt. Etna under Mesomediterranean (MM)-low (l)-humid (h), 4 on limestone 
under MM-l-subhumid (s) (Hyblaean Plateau) climate. All terraces in this cluster are characterized by 
nitrophilous annual herbs with not more than 5% of woody cover (Fig. 3.25 and 3.26). Clearly dominant 
species are totally absent; only few therophytes occasionally cover more than 20% of the cultivated 
fields. 

 
Fig. 3.25. A still cultivated vine field on 
Pantelleria Island. Vegetation is mainly made up 
of annual herbs. 
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Fig. 3.26. The typical segetal 
flora in a cultivated grain field 
in the Hyblaean Plateau. 

 
 
 
 
 
 
 
 

 
Cluster 2 includes 36 relevés made on the volcanic islands of Pantelleria (33) and Aeolian Archipelago 
(3), mostly under TM-u-a climate. Most of these terraces are undisturbed since their abandonment 
(within the last 5 years), 9 have been abandoned between 1968 and 2000 and then underwent grazing 
disturbance. These fallows are characterized by herbs, more often with about 5% (rarely 10-15 and only 

once up to 25%) woody cover (especially 
Rubus ulmifolius). Clearly dominant are 
nitrophilous annual (and biennal) herbs (Fig. 
3.27 and 3.28). 
 
 
Fig. 3.27. A recently abandoned, undisturbed vine field 
on Pantelleria Island. Annual and perennial herbs, like 
Foeniculum vulgare, dominate vegetation. 

 
Fig. 3.28. The grazed fields are dominated by 

herbaceous species which are favoured by the 
grazing activity, as here for example Galactites 

elegans (Pantelleria Island). 
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Cluster 3 includes 21 plots, 20 on vulcanites (Pantelleria: 14, Aeolian Islands: 6) and only one on 
Hyblaean limestones, all subject to TM climate (mostly u-a). Among the terraces, 11 undisturbed and 7 
grazed were abandoned between 1968 and 2000; the other three were abandoned at least 20 years 
ago and underwent wildfires. The terraces are characterized by patchy vegetation dominated by thermo-
xerophilous perennial grasses and/or herbs with mostly 5-15% (rarely up to 50%) woody cover (Fig. 
3.29). The dominant species are Hyparrhenia hirta (L.) Stapf, Andropogon distachyos L., Rubus 

ulmifolius, Cistus spp. and Artemisia arborescens. In some cases the low number of woody species 
might depend upon the position of the plots, set in areas with no (few, species-poor and/or distant) pre-
forest and forest vegetation nuclea. 

Fig. 3.29. In the case of lacking dispersal centers in the proximity or due to disturbance, at least 20 year-old old fields can be 
dominated by grasslands with low woody cover. Here an example of grasslands with Artemisia arborescens along the wall 
bases on Alicudi (Aeolian Islands). 

 
Cluster 4 includes 15 sample plots on volcanic substrates. 13 of them (Pantelleria: 10, Aeolian Islands: 
3) are subject to TM-u-a, the other two (Mt. Etna) to MM-l-h and Supramediterranean (SM)-u-s climate. 
Among the terraces abandoned at least 20 years ago, 4 are undisturbed, 3 are burnt and 3 are grazed, 
while those abandoned between 1987 and 2000, 1 is undisturbed, 2 are burnt and 2 are grazed. The 
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physiognomy of the phytocoenoses included within this cluster appear heterogenous: 7 samples show a 
patchy vegetation made up of perennial grasses and/or herbs with woody cover of 40-70%; open (4 
samples) and dense (5 samples) shrublands/maquis communities characterize the remaining plots (Fig. 
3.30). The dominant species are Piptatherum miliaceum (L.) Cosson, Hyparrhenia hirta, Andropogon 

distachyos, Ampelodesmos mauritanicus, Pteridium aquilinum (L.) Kuhn, Spartium junceum, Cytisus 

villosus Pourr., Rubus ulmifolius, Pistacia lentiscus, Cistus spp., Artemisia arborescens, Phillyrea 

latifolia L. Even if the plots are quite homogeneous concerning substrate, bioclimate and abandonment 
age, it sounds quite difficult to evaluate disturbance role. Infact, species-poor or even monospecific 
shrubby layers, mostly characterized by woody species typical to mantle, to maquis or even to garrigue 
communities, often coexist with few perennial grassland and many nitrophilous therophytes. This cluster 
probably represents the natural evolution of cluster 3 under light disturbance and shows some structural 
and floristic similarities with cluster 5. 

Fig. 3.30. Plots within 
cluster 4 are often 
characterized by a patchy 
vegetation of grasslands 
intermingled with woody 
species (Pantelleria Island). 

 
 
 
 
 
 
 

 
Cluster 5 includes 25 plots, 24 on volcanic substrate (Pantelleria: 21, Aeolian Islands: 3), 1 on 
Hyblaean limestones, all under TM climate (mostly u-a). Among them, 15 undisturbed and 6 burnt were 
abandoned between 1968 and 1987, 3 (2 undisturbed and 1 burnt) within the last 20 years, and one 
single plot between 1955 and 1968 and then grazed. The most common vegetation feature is a dense 
(10 plots) or open (13 plots) shrubland/maquis community (Fig. 3.31); 2 terraces are characterized by 
patchy vegetation made up of perennial grasses and herbs with 30-50% woody cover. The dominant 
species are Cistus spp., Pistacia lentiscus, Calicotome villosa, Phillyrea latifolia, Rubus ulmifolius, 
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Quercus ilex. This cluster includes mature undisturbed or periodically burnt plant communities of the 
thermomediterranean belt growing on terraces which have been abandoned long time ago. 
 

Fig. 3.31. Even with fire 
disturbance, sample plots can show 
dense maquis communities, since 
most of the maquis species are able 
to resprout rapidly after disturbance 
(Aeolian Islands). 

 

 
 
 
 
 
 

 
All the 6 relevés included in Cluster 6 have been made on the Aeolian Archipelago, under TM-u-a 
climate. 5 burnt samples were abandoned at least 20 years ago, 1 grazed plot was abandoned prior to 
1955. The plant community pertaining to this cluster is rather uniform: it is characterized by patchy 
vegetation made up of perennial grasses and/or herbs with woody cover of 15-60%, where the dominant 
species are Brachypodium retusum and Cistus spp. (Fig. 3.32). 
 

Fig. 3.32. On the Aeolian Islands, 
when fire disturbance occurs, often 
the vegetation is dominated by 
Brachypodium retusum, and some 
shrubs are recorded, as here on 
Lipari Spartium junceum and 
Artemisia arborescens. 
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Cluster 7 includes 6 sample plots, 5 on vulcanites under TM-u-a (Pantelleria) and 1 on limestones 
(Palermo Mts) under MM-l-s climate. All the samples were abandoned at least 20 years ago: 3 of them 
are undisturbed, 3 are burnt. Vegetation structure appears quite uniform: open (1 sample) or dense (5 
samples) shrubland/maquis. The dominant species are: Arbutus unedo L., Erica arborea L., Erica 

multiflora L., Phillyrea latifolia, Quercus ilex, Cistus spp. and Myrtus communis L. (Fig. 3.33). The plot of 
Palermo Mts. probably clumps together with other plots of this cluster only because it shares some 
dominant species with them, lie Erica multiflora and Cistus sp pl.  
 

Fig. 3.33. In the oldest and 
undisturbed succession stages on 
Pantelleria Island dense maquis 
communities were recorded, as 
here on made up of Phillyrea 

latifolia, Erica arborea, Arbutus 
unedo, Lonicera implexa and 
Quercus ilex. 

 
 
 
 
 

 
 
Cluster 8 includes 5 relevés made on Aeolian volcanic substrates under TM-u-a climate. All the 
sampled terraces have been abandoned before 1987 and most of them before 1955; three of them are 
undisturbed, 1 burnt and 1 grazed. We always observed species-poor, open and dense 
shrublands/maquis communities with at least 60% of woody cover. The dominant species are Erica 

arborea, Arbutus unedo, Pistacia lentiscus and Spartium junceum (Fig. 3.34). The vegetation of the 
undisturbed terraces and that of the burnt plot should be referred to Ericion arboreae. These plots, 
which show clear (floristic and structural) links with Cluster 3, are very poor in woody species, probably 
because past intense human pressure led to the extinction many forest species on some Aeolian 
islands; nevertheless, they represent the most mature features of local vegetation. 
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Fig. 3.34. Contrarily to Pantelleria, the oldest undisturbed succession stages are made up of a species-poor maquis, made 
up mainly of Erica arborea, Arbutus unedo and Pistacia lentiscus (Filicudi, Aeolian Islands). 
 
 

Cluster 9 includes 21 relevés, 10 made on volcanic rocks (Mt. Etna), 11 on limestones (Hyblaean 
Plateau: 8, Palermo Mts.: 3), mostly under MM (l-s and l-h) climate. Most of them are grazed fallows of 
all abandonment ages; four undisturbed plots were abandoned less than 20 years ago.  
 

Fig. 3.35. In the Palermo Mts., with high grazing 
pressure, sample plots are characterized by herb 
communities (left; Bellolampo), and only some 
spiny or poisonous woody species as for example 
Calicotome spinosa (next page; Monte Saraceno). 
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Fig. 3.35. (cont.) 
 
 
 
 
 
 
 
 
 

 
Most part of the plots of this cluster are characterized by herbs with about 10% (rarely less, occasionally 
up to 30%) of woody cover; we recorded the absolute dominance of nitrophilous annual and biennal 
herbs (Fig. 3.35). Single plots are characterized by the dominance of one perennial herb (Dactylis 

glomerata L., Dactylis hispanica Roth, Asphodelus ramosus L., Hyparrhenia hirta) or by the low cover 
(10-15%) of one pioneer shrub (Crataegus monogyna Jacq., Rubus ulmifolius, Artemisia arborescens, 
Genista aetnensis (Raf.) DC). Although if made on different substrates, these relevés probably group 
together due the strong influence of grazing pressure. 
 
Cluster 10 is represented by one single undisturbed terrace on Etna Mt. volcanic soils under MM-l-h 
climate, already abandoned between 1968 and 1987. Up to now it is characterized by an evergreen, 
acidophilous species-poor, open woodland dominated by Quercus ilex and Fraxinus ornus L. (Fig. 3.36). 

 

Fig. 3.36. As for example in this single sample 
plot of cluster 10, the neighbourhood of an old 
field is of great importance for the rapidness of 
its development. This terrace has been 
abandoned not more than 38 years ago since in 
the aerial photograph in the year 1968 it was 
still cultivated. However, the terrace is situated 
at a short distance (<100 m) from a wood, it 
was subject to rapid processes of secondary 
succession and today hosts a rigourous 
woodland dominated by Quercus ilex and 
Fraxinus ornus (Mt. Etna, Emmaus). 
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Fig. 3.36. (cont.) 
 
 
 
 
 
 
 
 
 
 
 

Cluster 11 includes 15 sample plots on limestones (Palermo Mts.: 8, Hyblean Plateau: 7); 14 of them 
are subject to MM (l-h: 12, u-s: 2), 1 to TM-u-s climate. 13 burnt terraces were abandoned at least 20 
years ago; the other 2 between 1968 and 1987 and are now grazed. This cluster is very uniform, being 
always characterized by perennial grasslands. Woody cover never exceeds 20%, while in 12 relevés the 
dominant species, Ampelodesmos mauritanicus, covers more than 60% of the plot (Fig. 3.37). This 
community plays the role of a steady-state on the terraces abandoned long time ago and subject to 
frequent and intense disturbance (especially fire). If disturbance diminishes, it can evolve toward 
garrigue and, if it stops at all, even toward closed maquis. 

 
Fig. 3.37. On limestones, with frequent 
fire disturbance there were recorded 
grasslands dominated by 
Ampelodesmos mauritanicus, as for 
example in the Palermo Mts. (left; 
Sagana) and on the Hyblaean Plateau 
(next page; Buscemi). 
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Fig. 3.37. (cont.) 
 
 
 
 
 
 
 
 
 
 

 
 
Cluster 12 includes 18 relevés, all made on limestones (Palermo Mts.: 10, Hyblaean Plateau: 7), except 
from one on Etna volcanic soils. 17 of them are subject to MM (mostly l-s), while 1 falls into TM-l-s 
climate. 14 grazed plots were abandoned at least 20 years ago, 3 burnt plots were abandoned at least 
40 years ago, one between 1987 and 2000 and then grazed. The vegetation habit of this cluster is quite 
heterogeneous: 12 samples correspond to patchy vegetation made up of perennial grasses and/or 
herbs mostly with woody cover between 30-50%, 4 samples are characterized by open and two by 
dense shrublands/maquis.  
 

Fig. 3.38. With low disturbance 
frequencies, on limestones were 
recorded mainly patchy vegetation of 
herbs, grasses and woody species, but 
also shrublands. The present 
photographs were taken on the 
Hyblaean Plateau (left; near Noto 
Antica) and in the Palermo Mts. (next 
page; Portella Rena). 
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Fig. 3.38. (cont.) 
 
 
 
 
 
 
 
 
 

 

The dominant species are Ampelodesmos mauritanicus, Calicotome infesta, Coridothymus capitatus 
(L.) Reichenb. fil., Cistus spp., Pistacia lentiscus, Erica multiflora, Spartium junceum, Sarcopoterium 

spinosum (L.) Spach. Garrigue subshrubs and/or mantle shrubs are often mixed with perennial 
grassland, with an often significant cover of nitrophilous annual herbs (Fig. 3.38). Here grazing plays a 
major role than in cluster 11, and woody plants too. Perhaps the differences between these two clusters, 
which share many structural and floristic traits, depend upon the nature, the frequency and the time gap 
before the first occurrence of disturbance. 
 
Cluster 13 includes 2 relevés on Mt. Etna vulcanites: the first, abandoned between 1987 and 2000, is 
undisturbed and under SM-u-s climate, while the second, subject to a MM-u-s climate, has been 
abandoned between 1968 and 1987 and then grazed. The two plots have quite a different vegetation 
habit: both are dominated by herbs, but one of them has a 25% woody cover.  
 

Fig. 3.39. On Mt. Etna, with grazing occur 
often Pteridium aquilinum - communities, 
intermingles with grasses and woody species 
(Maletto). 
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The dominant species are Pteridium aquilinum (Fig. 3.39), Quercus pubescens and Genista aetnensis. 
This cluster is quite difficult to interpret: infact, many are the differences between its two relevés 
(climate, disturbance status and age of abandonment). There is no doubt that the clear distinction is 
strongly influenced by the climatic location of its plots. 
 
Cluster 14 includes 3 relevés made on Mt. Etna volcanites under SM-u-s climate. All these terraces 
have been abandoned before 1987; two of them are undisturbed, one is grazed. The vegetation is a 
dense wood or a mosaic of shrubland (40% woody cover) and herbs. The two most mature plots show a 
very high cover of Quercus pubescens s.l. (Fig. 3.40); other dominant species are Quercus ilex and/or 
Genista aetnensis. In two relevés Pteridium aquilinum shows high cover values (45%). Two plots should 
be considered as undisturbed closed (pubescent oak) woodland, while the third is significantly disturbed 
by grazing. Cluster 14 shows some floristic and dynamic connections with 13 plots, once again due to 
bioclimatic constraints. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.40. Under undisturbed conditions or with low disturbance by grazing, Quercus pubescens s.l.-woods develop rapidly 
on Mt. Etna terraces (Maletto). 
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It is quite complex find the dynamic connections between the 14 clusters. The results look complete only 
for volcanic thermomediterranean islands (Pantelleria and Aeolian Archipelago: see Fig. 3.41); only 
there, infact, it was possible to find a quite satisfying number of the possible combinations between 
abandonment age and disturbance, and also undisturbed succession pattern could be studied. The 
single cluster present in Figure 3.41 have been already described above. Under undisturbed conditions, 
quite rapidly an old field is colonized by perennial plants, first herbacous ones (cluster 2) and then 
woody ones. With increasing woody cover, the grasslands (cluster 3) are transformed to shrubland and 
maquis communities (cluster 5, 7 and 8). Even if fire and grazing intensity and frequency were not 
estimated by the present study, it can be hypothesised that with low disturbance frequencies, old field 
vegetation will be dominated by herbaceous vegetation (cluster 3) only until the woody species will not 
colonize the fallow. Once woody species dominate, a disturbance will be followed by fast resprouting 
(cluster 4, 5 and 7). With high-frequency disturbance, herbaceous plants will form steady states of 
succession, with perennial grasses in case of burning (cluster 6) and annual and perennial herbs in 
case of grazing (cluster 2). 
 

Fig. 3.41. Scheme of the dynamic 
connections between the different 
vegetation clusters (boxes) typical to 
the terraced areas of the 
Circumsicilian volcanic islands under 
thermomediterranean climate. 

 
 
 
 
 
 
 
 

 
On the contrary, it was very difficult to study secondary succession on calcareous Sicilian territories, as 
they are subject to huge grazing pressure and frequent wildfires: during three years of field 
investigations neither one single undisturbed abandoned terrace nor a mature stand on Palermo Mts. 
and Hyblaean Plateau was found. It can be hypothesised that on calcareous substrates and under 
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heavy grazing pressure Cluster 9 prevails; when more or less frequent wildfires occur, the typical plant 
communities correspond to those grouped in Cluster 11, probably to Cluster 12 under intermediate 
grazing disturbance. 
It was even more difficult to interpret Mt. Etna abandoned terraces dynamism. First of all, it was difficult 
to find them: even if a large portion of the volcan is terraced, its slopes are devoted to many different 
agro-pastoral destinations (fruit tree orchards, chestnut and hazel nut coppices and orchards, Citrus 
orchards, olive and pistachio groves, pastures, etc.), so that still cultivated or abandoned vineyards are 
rarer than expected at first thought. Furthermore, the samples that were done did not fit perfectly with 
the other study sites, as they can occupy a different bioclimatic (mostly SM) range with respect to those 
of the other considered areas: very often, infact, the terraces under TM climate were sacrified to the 
urban and suburban development. So, more accurate investigations are needed on Mt. Etna.  
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3.6 Discussion and Conclusions 
 
The results showed that on a large scale and from a floristic point of view, plant communities involved in 
secondary succession processes on Sicilian terraces are quite different between and within the five 
study areas. The reason for this are the different substrate and flora, and the different bioclimatic 
conditions. So, to describe the exact composition of plant communities one has to go down to the local 
scale. Nevertheless, from a structural point of view, the patterns are similar even on a large scale: under 
undisturbed conditions there is a correlation between abandonment age and woody cover increase. 
Disturbance can reduce woody cover increase and, with increasing frequency and/or intensity, totally 
block woody colonization. From a structural point of view, this leads to a patchy vegetation cover made 
up of different woody and herbaceous plants. The influence of fire very often causes the dominance of 
perennial grasses, while grazing favours annual and/or perennial herbs. 
The grouping of relevés within the 14 clusters was exclusively based on their floristic similarity (DCA 
and TWINSPAN without vegetation strata). The partial overlap of some clusters stimulates some 
considerations: 1) geological substrate and bioclimate are important factors, but many plants are able to 
live under many different combinations of these parameters; 2) fire and grazing effects can overlay, 
since they may occur together, and certain species show increased cover values as a reaction on both 
disturbance factors; 3) it is actually impossible to detect few distinct levels of fire frequency and grazing 
intensity; on the contrary, disturbance level may vary from sample to sample within the same cluster; 4) 
vegetation is strongly influenced by abandonment age and disturbance status, and each of them plays 
an opposite role in modelling its structure: these two factors seem to “struggle”, so that many plots 
grouped together within the same cluster and showing quite a similar physiognomy are either recently 
abandoned/undisturbed or anciently abandoned/disturbed: this “compensation” mechanism is 
particularly common in the plots referred to Clusters 2, 5 and 13. 
The disturbance factors fire and grazing have a major influence on vegetation dynamics. For a better 
understanding of the underlying mechanisms, a more precise estimate of their intensity and frequency 
would be helpful. However, this kind of information is often difficult to get. Finally, one can rely only on 
the grazing intensity directly observed in the field and on information given by local inhabitants. To a 
certain extent, this is also valid for the abandonment age of a fields. Even if aerial photographs are an 
objective evaluation tool, they can also give an idea about a specific moment in time, but cannot 
indicate eventual re-sets to cultivation of fields. So, especially when the time periods between one aerial 
photograph and the next one are long, the abandonment age can be determined only as a more or less 
large range of years. It may be hoped that future research will further develop other objective tools to 
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determine the abandonment age of old fields, as for example by tree-ring analysis (Rühl, unpubl. data, 
Escarré et al., 1983; Saïd & Gégout, 2000; Cherubini et al., 2003) or by carbon content in soil horizons 
(La Mantia et al., in press). 
Nonetheless, up to now the following conclusions can be drawn from the results: 
1. If no disturbance biases succession, then plant communities evolve rather rapidly: for example, 
already 30-50 years after abandonment, most part of Pantelleria old fields have been completely 
colonized by maquis communities (e.g.: Cluster 7; see also Rühl, 2004). 
2. If fire does not occur frequently, it does not alter the structure of vegetation, since most part of 
Mediterranean shrubs and trees (Pistacia lentiscus, Phillyrea latifolia, Erica spp., Quercus ilex, Arbutus 

unedo, etc.) resprout more or less rapidly (Gratani & Amadori, 1991; De Lillis & Testi, 1992; Calvo et al., 
2002b). This explains the co-occurrence of undisturbed and burnt plots within Clusters 5 and 7. 
Nonetheless, the length of the time gap between abandonment and the first burning seems to be 
important: if fire occurs only after old fields have been already colonized by shrubs, they can easily 
resprout, while if fire occurs before their colonization, vegetation is more likely to be dominated by fire-
tolerant species, such as Hyparrhenia hirta and Cistus spp. (Litav, 1972; Roy and Sonié, 1992), which 
under undisturbed conditions could not compete with maquis shrubs. 
3. If frequent fires occur, secondary succession is blocked, so that vegetation remains for decades in a 
“steady state”, like the Ampelodesmos mauritanicus grasslands of Palermo Mts. and Hyblaean Plateau 
(Cluster 11), the Cistus spp. garrigue of Pantelleria (Cluster 5) or the Brachypodium retusum grasslands 
of the Aeolian Islands (Cluster 6). 
4. Where grazing is very intense, the steady state may consist of herbaceous plant communities 
(Cluster 2 on volcanic islands, Cluster 9 elsewhere). Under this disturbance regime, the few woody 
species which can grow are spiny (like Calicotome infesta and Rubus ulmifolius) or poisonous (like 
Spartium junceum). 
5. With low-intensity grazing or if grazing begins only after a certain time gap of undisturbed succession, 
woody cover increases. However, the most common shrubs are still grazing-resistant (this is the case of 
Crataegus monogyna and Pyrus amygdaliformis on Hyblaean Plateau) or even grazing-enhanced, like 
Artemisia arborescens on Aeolian Islands. 
6. The cultivated terraces where farmers used to leave oaks growing at the wall base (this was a 
common practice in Hyblaean and Etna area), only few decades after abandonment are often covered 
by a nearly continuous tree layer of Quercus ilex and/or Quercus pubescens s.l. 
7. The pathway of succession mainly depends on the species composition of the dispersal centers 
present in the proximity of an old field. For example, the species present in the dispersal centers of the 
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Aeolian Islands are very different from the those present on Pantelleria Island (cfr. paragraph 3.2.5). 
This fact leads to an almost clear division of the plots located on the Aeolian Islands from those located 
on Pantelleria Island in the sample ordination diagram (Fig. 3.21). In comparison, the species present in 
the limestone dispersal centers (Palermo Mts., Hyblaean Plateau) are more similar, so that the samples 
result intermingled in the ordination plot (Fig. 3.22). 
 
Since this actually is the first attempt to study succession processes within Sicilian terraced landscape, 
it is not possible to compare the results with data of other authors. However, some single aspects can 
be compared with data available at national and international level. 
In the Mediterranean region, in the 1980s secondary succession studies were carried out as there was a 
raising awareness of land cover change (e.g. Escarré et al., 1983). However, no one paid attention 
exclusively to terraced landscapes. The studies of Carl & Richter (1989) and Tatoni et al. (1994) were 
among the first to analyse secondary succession processes in terraced landscapes. Nevertheless, up to 
today, there is few literature on this argument on an international level. Mainly due to local development 
projects or nature protection activities, there are some areas in Europe which have been thoroughly 
studied, others not at all. In Italy to the first group belongs the Cinque Terre region, located on the 
Ligurian coast, while in France the terraces of Cévènnes and Lubéron have been studied. In Spain there 
are studies on Alicante province and on the Balearic Islands. 
A feature common to all the studies is the rapidness of secondary succession in terraced old fields: 
within few decades, old fields are covered by shrublands (Carl & Richter, 1989; Blasi et al., 2000; Bonet, 
2004) or even woods (Tatoni et al., 1994; Di Pietro & Filibeck, 2000). However, none of these authors 
makes a clear distinction between disturbed and undisturbed sites, so that an interpretation of the 
succession path is difficult. Moreover, only Bonet (2004) clearly underlines the differences in succession 
pathways due to previous crop plants, while in the other studies the relevés were made without special 
regard to former crop plant, so that tree crops were evaluated together with the other crops, like vine or 
cereals. 
Nevertheless, the changing structure of plant communities found in terraced old fields is congruent with 
the results of the present study: after a phase of therophyte dominance, not only perennial herbs or 
grasses invade an old field, but also the first woody individuals, leading after one or two decades to a 
patchy vegetation (Tatoni et al., 1994; Di Pietro & Filibeck, 2000; Bonet, 2004). As in the present study, 
ordination of the plant communities present in abandoned terraces puts in evidence that abandonment 
age, bioclimate and disturbance explain most of the variance in vegetation data (Tatoni et al., 1994; 
Blasi et al., 2000; Bonet, 2004). 
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If disturbance is absent or not frequent, shrublands will occur rapidly. Even if except for Bonet (2004) no 
author takes into account disturbance frequency or intensity, most of the above cited authors report that 
disturbances like fire and grazing influence the succession pathway and that frequent disturbance leads 
to steady state communities. For example, Carl & Richter (1989) note that a rapid increase in shrub 
cover in Ligurian old fields inhibits the occurrence of pseudo-stable grass populations. Also Bonet 
(2004) observed that the clonal grass Brachypodium retusum may dominate intermediate succession 
stages due to its capacity to limit soil nitrogen, and that steady states can occur. Brachypodium 

retusum-dominated communities have also been recorded on abandoned terraces by Di Pietro & 
Filibeck (2000), but these authors do not link the dominance of this species to a disturbance factor, but 
to higher agricultural intensity of the former crops. In not terraced old fields in Eastern Spain, 
Brachypodium retusum has been linked to post-fire dynamics (Caturla et al., 2000), showing high cover 
values in burnt plots and a high recovery rate after fire starting from unburnt rhizomes in the soil. It is a 
known fact that clonal plants may take over dominance within successional seres, and that they can 
maintain their dominance for a longer period than non-clonal plants (Prach & Pyšek, 1994). 
Steady state communities dominated by Ampelodesmos mauritanicus are present, like on limestones in 
the Palermo Mts. and on the Hyblaean Plateau, also on Latium abandoned terraces (Blasi et al., 2000; 
Di Pietro & Blasi, 2002). As shown for Sicilian terraces, also these authors link this grassland type to fire 
disturbance, as they attribute the dominance of this grass to its “high degree of post-fire resprouting and 
seed germination (Mazzoleni, 1989)”.  
On the other hand, when fire occurs not on limestones, but on volcanic substrates, Cistus spp. had been 
found to be dominant. Even if no other terrace study puts in evidence this fact, there are many other 
studies which link Cistus spp. to fire occurence (Roy & Sonié, 1992; Trabaud & Renard, 1999; Tárrega 
et al., 2001). Cistus seeds have a water-impermeable tegument (Thanos & Georghiou, 1988); therefore, 
the hard-coated seeds have a primary dormancy after seed dispersal. Dormancy can be interrupted by 
heat shock (fires) or by coat mechanical scarification (Juhren, 1966; Thanos & Georghiou, 1988; 
Trabaud & Oustric, 1989; Legrand, 1993; Luis-Calabuig et al., 1996; Hanley & Fenner, 1998). For 
example, Thanos & Georghiou (1988) found that germination in Cistus creticus ssp. creticus increased 
significantly if seeds were heated for 15 or 30 min to 100 oC, a temperature commonly reached at the 
soil surface during wildfires (Hanley & Fenner, 1998).  
Since regeneration from seedlings in a mature Cistus stand is nearly absent (Trabaud & Renard, 1999; 
Roy & Sonié, 1992), Cistus-dominated stands decline after ca. 15 years, which is the estimated life span 
for these shrubs (Arianoutsou-Faraggitaki & Margaris, 1982; Roy & Sonié, 1992). As a consequence, 
Cistus-dominated communities are replaced by maquis species without repeated fire disturbance.  
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Also another aspect of disturbance was found to be similar in other terrace studies: under low 
disturbance intensity or frequency, shrub communities may occur, in case of grazing (Blasi et al., 2000) 
as well as in case of fire (Tatoni et al., 1994). Moreover, as in Sicily, grazing was found to be a valid 
mechanism to maintain therophyte communities within the abandoned terraces, which would disappear 
without disturbance. In fact, Bonet (2004) states that small-scale low intensity grazing creates patches 
of annuals, and Di Pietro & Filibeck (2000) affirm that therophytes are dominant in abandoned terrace 
plant comunities only in the early stages of succession or with high intensity disturbance. 
 
Contrarily to terraced old fields, plenty of papers deal with secondary succession processes in the 
Mediterranan region in not terraced old fields (Escarré et al., 1983; Richter, 1989; Debussche & Lepart, 
1992; Tatoni et al., 1994; Speranza & Sirotti, 1995; Debussche et al., 1996; Ne’eman & Izhaki, 1996; 
Rousset & Lepart, 1999; Pividori & Sorrentino, 2000; Calvo et al., 2002b; Paci, 2002; Tonioli & 
Speranza, 2003; Gallego Fernández et al., 2004). As will be shown in the following chapters and as 
stated by other authors, however, vegetation dynamics in terraced old fields cannot be compared with 
the dynamics in not terraced old fields. The main reasons for this are: 

1. The terrace soil body. In a terrace, soil has been artificially accumulated and within the terrace 
system it has been protected for centuries against erosion processes (Godron, 1981). As a 
consequence, terrace soil often may be deeper than in the surrounding, not terraced slopes 
and, thus, may be a greater water reservoir for colonizing plants (Pelleri & Sulli, 1999; Blasi et 
al., 2000). 

2. The terrace wall. Terrace walls influence the speed of secondary succession in terraced old 
fields in two ways: a) they are dispersal centers since often during times of cultivation farmers 
grew single trees (especially Quercus spp.) at the wall bases for acorn or wood production or 
they left shrubs grow at the wall base (Pelleri & Sulli, 1999; Di Pietro & Filibeck, 2000; Petrocelli 
et al., 2003; cfr. also von Arx et al., 2002); b) terrace wall bases are safe sites for woody 
colonization of the old field (cfr. paragraph 4.3.2 and 4.4.2) creating microsites with mitigated 
climate conditions if compared with the rest of the field. 

3. The extensive cultivation techniques. On most terraces, mechanized agricultural practices 
were never applied, and, thus, often intensive cultivation techniques (incl. heavy fertilization and 
pesticide use) did never affect terrace soils.  

However, it is important to underline that terracing of a slope does not alter the potential vegetation of 
an area (Di Pietro & Filibeck, 2000), since on a long term time-scale the final plant communities in 
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equilibrium with the abiotic factors of a site are the same for terraced and not-terraced slopes. The only 
features that may change are a) the pathway and b) the rapidness of secondary succession. 
In the (upper) thermomediterranean and mesomediterranean parts of Sicily, the potential vegetation has 
been ascribed to woodlands dominated by evergreen or broadleaved Quercus species (Brullo et al., 
1996), including Quercus ilex, Quercus suber and Quercus pubescens s.l. In the warmer parts (= low 
thermomediterranean) of the Sicilian coast and in part of the circumsicilian islands, the potential 
vegetation is more often a thermo-xerophilous maquis, and not a wood. As suggested by the vegetation 
relevés done on the Hyblaean Plateau, secondary succession on the terraced slopes of this area is 
likely to lead to a final stage of a Quercus-dominated wood, where the evergreen/broadleaved rate is 
influenced by altitude and mesoclimate. Also on Mt. Etna and on Pantelleria Island, the relevés of late 
succession stages indicate that secondary succession may lead to a Quercus-wood, in the first case 
dominated by Quercus pubescens s.l. (and only in the lower altitudes also by Quercus ilex), and in the 
second case exclusively by Quercus ilex. 
In contrast, there are major problems for an interpretation of late successional stages in Palermo Mts. 
and on the Aeolian Islands. In the Palermo Mts., dispersal centers are very rare and disturbance is very 
high, so that no late succession stages were found. It was, thus, impossible even to gt some clues on 
secondary succession pathways (Pasta, 1993). It can only be said that in the Palermo Mts. there are 
remnants of Quercus-woods, even if not on terraces, dominated by Quercus ilex and Quercus 
pubescens and, occasionally only on acid substrates, also by Quercus suber (Marcenó & Ottonello, 
1994). 
On the Aeolian Islands, the scarce presence of wood species strongly influences vegetation dynamics. 
Even when present, Quercus species are rare (often <20 individuals per single island), and also other 
tree species are not frequent. The consequence is a substitution of woods by species-poor maquis as 
final stages of succession. However, it may be that original vegetation was richer in forest species and 
that the very intense and long-lasting land use history caused the extinction of wood species in the past 
centuries. 
 
Some last considerations should be made on species richness in terraced old fields. As it was shown by 
the collected data, it can be affirmed that vascular plant diversity is linked to disturbance regime and to 
abiotic factors (especially geological substrate). The fact that grazing increases species richness is 
explained by animal activity that creates several microsites within the fields which favour therophyte 
presence and which would not occure if animals were absent (bare soil, small-scale nutrient gradients 
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for excrements, etc.). Moreover, species richness can also be a result of disturbance heterogeneity 
(Bonet, 2004). 
The fact that on limestone species richness is higher than on volcanic substrates has been observed 
also in other studies not focused on secondary succession (Pasta, 1997; Arrigoni & Bocchieri, 1998). Up 
to today, however, no clear explanation for this feature is known. 
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4. PART II 
 

4.1 Introduction 
 
The second block of data aims at a more detailed analysis of the driving forces of secondary 
succession. The central argument are the underlying mechanisms of old field colonization performed by 
woody species. The collected data test for the existence and measure the extent of two of these 
mechanisms: 1) the neighbourhood effect and 2) the safe-site effect.  
The term neighbourhood effect describes the hypothesis that an old field which is surrounded by old 
fields pertaining to older succession stages is subject to a more rapid colonization process by woody 
individuals than an old field surrounded only by old fields of its own abandonment age (Fig. 4.1 and 4.2). 
The basic assumption on which is based this hypothesis is that seed rain is higher in an old field 
surrounded by dispersal centres of woody species than in an old field at a certain distance from 
dispersal centres. The higher the seed rain, the higher should be the probability of adult recruitment in 
an old field. 

 
Fig. 4.1. Scheme of the neighbourhood 
concept. T = Target field. N = Neighbouring 
field. Orange colour = abandoned few years 
ago, thus characterized by herb vegetation, 
green colour = abandoned decades ago, thus 
characterized by maquis vegetation. 
 

 
Fig. 4.2. Photographic example of the 
neighbourhood effect concept. The right 
circle puts in evidence recently abandoned 
old fields which are surrounded by older 
succession stages, while the circle on the left 
signs an old field surrounded only by old 
fields of its same young abandonment age 
(Source aerial photograph: Flight A.T.A. 
1987, Sicily Region). 
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As a second important driving force of old field colonization by woody species can be considered the 
“safe site effect”. To understand this mechanism, first has to be explained the term “safe site”. 
From a microclimatic point of view, an old field is a mosaic of microsites differing in air temperature and 
humidity (cfr. paragraph 5.3.4), soil temperature and moisture, insolation values, etc. A safe site can be 
defined as “the environmental conditions at the scale of an individual seed that promote seed survival, 

germination, and seedling establishment” (Schupp, 1995; see also Harper et al., 1961). As was 
specified by Fowler (1988), “microsites must in fact have degrees of suitability, which are reflected in 

probabilities of germination and of seedling survival and in seedling growth rates”. 
Obviously, every single plant species has its “own” composition of environmental conditions which make 
up its individual safe site (Kozlowski, 1971; Franco-Pizana et al., 1996). However, it can be 
hypothesised that there are some general features which favour seed survival, germination, and 
seedling establishment which are valid for the majority of species, or at least for the main part of the 
studied woody species. Under Mediterranean climate conditions, these features may be: a) the 
reduction of drought and heat stress due to higher water availability and/or shading (active facilitation; 
Callaway, 1995) and b) the presence of dispersal vectors which transport a seed into these favouring 
microsites (passive facilitation; McDonnell & Stiles, 1983). 
Regarding the first feature, there are some microsites in a terraced old field which are characterized by 
reduced drought and heat stress with respect to the rest of the old field (cfr. paragraph 5.3.4). In a 
recently abandoned field, these are: 1) the former crop plants (in the case of Pantelleria Island vine 
plants; Fig. 4.3), 2) the wall bases and 3) the isolated shrubs which have already colonized the field 
some years after abandonment.  

 
Fig. 4.3. The former crop plants of 
vine (white arrows) and the terrace 
wall (dashed line) create special 
climatic microsites in an old field. 
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The number of these special microsites varies from one old field to another. For example, the number of 
former crop plants present in an old field depends on former cultivation techniques. In addition, former 
crop plants may die or be uprooted after abandonment.  
The term “safe site effect” describes the hypothesis that an old field characterized by a high number of 
the above mentioned special microsites is subject to a more rapid colonization process by woody plants 
than an old field with a low number of them.  
As it has already been said, the active facilitation processes in terms of drought and heat reduction is 
only one part of the analysis. The other part are related with passive facilitation processes in terms of 
dispersal. More in detail, there are some dispersal vectors (birds and mammals) which transport a seed, 
even if not on purpose, more frequently into certain microsites than to others. For example, birds 
frequently prefer to sit on the vine branches which reach beyond the monotonous layer of herbaceous 
vegetation in young succession stages. Thus, the seeds which they transport as they have just eaten 
fruits in nearby maquis are more likely to fall together with the birds’ faeces under a vine plant than in 
other parts of the old field. The same process may be valid for mammals (rats, mice, rabbits) which find 
a shelter under formerly cultivated vine plants and, thus, transport more fruits (e.g. oak acorns) under 
vine plants than in other parts of the old field. 
 
 
 
4.2 Materials and Methods 
 
4.2.1 Data sampling  
In order to verify if a neighbourhood effect (NE) does exist, transect relevés were made in target 
fields. The relevé is oriented orthogonally to the slope and, thus, is parallel to the principal terrace wall 
(Fig. 4.4). The transect consists of seven subplots of 1 m2-size, distant 1 m from each other. Thus, the 
subplots cover a 13 m-distance from the neighbouring field. The first subplot is attached to the dividing 
terrace wall of second order. 
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Fig. 4.4. Scheme of a transect relevé. 

 
 
In total, 51 of these transects were made, thus a number of 357 subplots. All transect relevés were 
made on Pantelleria Island. For a general description of the island see paragraph 3.2. 
The transects were made in four combinations differing in presence of older neighbour and exposition: 

- Combination 1: Neighbouring field is an old succession stage (= maquis plant communities 
made up mainly of Phillyrea latifolia, Arbutus unedo, Pistacia lentiscus, Quercus ilex, Erica 

arborea, Erica multiflora, but also with presence of Cistus ssp. and Rubus ulmifolius), North-
facing slopes (= TN-relevés); 

- Combination 2: Neighbouring field is an old succession stage (species are the same as in 
combination 1), South-facing slopes (= TS-relevés); 

- Combination 3: Neighbouring field is a young succession stage (= herbaceous plant 
communities), North-facing slopes (= WN-relevés); 

- Combination 4: Neighbouring field is a young succession stage, South-facing slopes (= WS-
relevés). 

 
The reason why such a great attention was paid to the transects’ exposition is that secondary 
succession processes on Pantelleria in terms of woody colonization are slower on South-facing slopes 
than on North-facing slopes (Rühl, 2003; Rühl, 2006). With the transect relevés, it should be possible to 
verify if the neighbourhood effect and the safe site effect are (at least in part) responsible for these 
different colonization processes. 
In WN and WS-relevés, there is no old succession stage in the neighbourhood of the target field. The 
distance to the next dispersal centre (= maquis plant community) measured at least 100 m. 

valley 
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In each of the four combinations, the transect were made in two versions which differed in their spatial 
position within a terrace. The first version was a transect distant at least 3 m from the terrace wall, while 
the second version was a transect in which the 1 m2-plots were directly attached to the terrace wall base 
(Fig. 4.4 and 4.5). 
 

 
 
 
 
 
 
 

Fig. 4.5. Examples of transect relevés. On the left, the neighbour is an old 
succession stage, while on the right it is a young succession stage. T = Target 
field, N = Neighbouring field. 

 
 
 

 
In every subplot, a simplified vegetation relevé was made: all woody species individuals were counted, 
recording seedlings, saplings and adults separately (a seedling was defined as a one-year-old 
individual, a sapling as an individual up to 30 cm of height and an adult as an individual of more than 30 
cm of height). In addition, their cover was estimated (with a precision degree of 1% for cover values 
5÷15% and of 5% for cover values >15%), separately for each vegetation layer (herbaceous layer, 
shrub layers). Seedlings and saplings were always put in the herbaceous vegetation layer, while adults 
were attributed to shrub layer 1 or 2. In addition, the dominant herbs were recorded and their cover 
estimated using Braun-Blanquet’ s scale (1964) for cover values under 5%, while covers > 5% were 
estimated with a 5%-step scale. 
 
In order to verify the existence of a safe site effect (SSE), for every subplot of the transect relevés 
described above additional records were made. For every woody individual found in a subplot was 
recorded if it grew within the influence of a safe site (= inside-of-safe-site-surface, ISSS) or not (outside-
of-safe-site-surface, OSSS) (Fig. 4.8, 4.9 and 4.10).  
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Two microsite types were analysed for their likeliness of being safe sites for woody species: 1) the 
former crop plants of vine and 2) the wall base. On Pantelleria, vine plants are often, but not always, 
planted in a man-made soil depression. This special Pantescan practice has been adopted by the 
farmers to protect the crop plants from desiccation due to the frequent winds. The depressions are 
probably also characterized by a higher water availability (Fig. 4.6 and 4.7). 
The extent of ISSS was annoted for every subplot. In case of the wall base, the whole subplot surface 
was included in ISSS, while in case of the vine plant has been done an estimate of the surface covered 
by the crop plants branches and/or the soil depression. 
 

Fig. 4.6. The photograph shows a 
cultivated vine plant grown in a man-
made soil depression immediately after 
rainfall. It can be hypothesised that also 
after abandonment the persisting soil 
depressions are a microsite of higher 
water availability in an old field. 

 
 

 
 
 
 

Fig. 4.7. Vine plants can also reduce heat and drought stress for plants growing under their leaf canopy by shading (left). 
They can reach noteworthy sizes (right). 
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Fig. 4.8. Scheme of a transect relevé. The orange areas represent the potential safe sites. 

 
 
Fig. 4.9. A vine plant (left) and the 
schematic example of the inside-safe-
site-surface outside-safe-site-surface 
performed by a vine plant (below). 
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Fig. 4.10. Schematic example of the safe site surface created 
by a terrace wall. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
4.2.2 Data evaluation 
All statistics were computed using SigmaStat 3.0. Since data resulted not normally distributed, statistical 
data evaluation was done using 1) Mann-Whitney Rank Sum test to compare directly two groups and 2) 
Kruskal-Wallis One Way ANOVA on Ranks in combination with Dunn’s method of pairwise multiple 
comparison to compare more than two groups. Overall level of significance for Dunn’s test was P < 
0.05. Prior to all statistic tests, the extreme outliers were deleted from the data set, using as a threshold 
the value of mean ± 3 times standard deviation for each treatment group.  
 
4.2.2.1 Neighbourhood effect 
Regarding the neighbourhood effect four kind of analysis were made: 

1) Testing for the real existence of a neighbourhood effect; 
2) Analysing the linear structure of the colonizing individuals; 
3) Analysing the age structure of the colonizing individuals; 
4) Analysing the composition of the colonizing individuals by using the functional group “dispersal”. 
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4.2.2.1.1 Testing for the real existence of a neighbourhood effect 
In a first step, “With older neighbour, North-facing” (TN) was compared to “Without older neighbour, 
North-facing” (WN) and “With older neighbour, South-facing” (TS) was compared to “Without older 
neighbour, South-facing” (WS) (Mann-Whitney Rank Sum test). This comparison was done using as an 
indicator of woody presence a) the number of woody individuals and b) % woody cover. Mean values 
were calculated from woody presence in all seven subplots of a transect. 
As a second step, woody species presence between the four transect groups TN, TS, WN and WS was 
compared. Also here the test was done once using the number of woody individuals and once using the 
percentages of woody cover. Mean values were calculated from woody presence in all seven subplots 
of a transect. 
Third, the above described analyses were repeated, using this time as a third factor of variance (apart 
from 1. presence of older neighbour and 2. exposition) the position of the transect relevé within a terrace 
(= wall base, BW or in the open field, A). Thus, not four transect groups but eight were distinguished: 1) 
With older neighbour, North-facing, wall base (TNBW), 2) With older neighbour, South-facing, wall base 
(TSBW), 3) Without older neighbour, North-facing, wall base (WNBW), 4) Without older neighbour, 
South-facing, wall base (WSBW), 5) With older neighbour, North-facing, open field (TNA), 6) With older 
neighbour, South-facing, open field (TSA), 7) Without older neighbour, North-facing, open field (WNA), 
8) Without older neighbour, South-facing, open field (WSA). 
 
4.2.2.1.2 Analysing the linear structure of the colonizing individuals 
It can be hypothesised that the neighbourhood effect gets weaker with increasing distance from the 
neighbouring field. In order to measure the variance between the subplots, a Kruskall-Wallis One Way 
ANOVA on ranks was applied in the same way as described in the former paragraph, except for one 
difference: not the means computed of all seven transect subplots were compared, but the values of the 
single subplots. 
 
4.2.2.1.3 Analysing the age structure of the colonizing individuals 
A neighbourhood effect can be called so only if the colonizing individuals survive. Thus, an analysis of 
the age structure of the colonizing individuals is necessary. More in detail, it was analysed if there is a 
difference: 

1) of the number of adults and saplings between the groups TN, TS, WN and WS; 
2) of the number of seedlings between the groups TN, TS, WN and WS. 
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4.2.2.1.4 Analysing the dispersal type of the colonizing individuals 
It can be assumed that the crucial mechanism underlying the neighbourhood effect is dispersal. Plant 
species differ in their maximum dispersal distance, which is clearly conditoned by their dispersal vectors 
(animals, wind, gravity, ecc.). Since the “Without older neighbour”-transect relevés were made in old 
fields which are situated at a minimum distance of 100 m far from the next dispersal centre (= shrubland 
or maquis), it can be assumed that in W-relevés will only be found species which are characterized by 
dispersal vectors which can go beyond this distance, i.e. wind and animals, while gravity and ballistic 
mechanisms can be excluded.  
However, also within anemochorous- and zoochorous-dispersed species there is a wide variance of 
dispersal distance. For example, animal dispersal can be performed by birds, mammals or ants. Birds 
may bridge larger dispersal distances than small mammals or ants. 
In order to know which dispersal type is the most important for the neighbourhood effect, a further 
analysis is focused on the functional group “dispersal”. To do this analysis, every woody species found 
in the transect relevés was referred to one of eight different dispersal types (Tab. 4.1).  
 
Tab. 4.1. Dispersal types of the woody species found in the transect relevés, valid for Pantelleria Island.  

Woody Species Dispersal Type Dispersal Category 
Erica arborea L. Anemochorous Not Zoochorous 
Erica multiflora L. Anemochorous Not Zoochorous 
Lavandula stoechas L. Barochorous Not Zoochorous 
Rosmarinus officinalis L. Barochorous Not Zoochorous 
Calicotome villosa (Poiret) Link Autochorous Not Zoochorous 
Genista aspalathoides Lam. Autochorous Not Zoochorous 
Teline monspessulana (L.) C.Koch Autochorous Not Zoochorous 
Pistacia lentiscus L. Ornithochorous Zoochorous 
Lonicera implexa Aiton Ornithochorous Zoochorous 
Arbutus unedo L. Ornithochorous Zoochorous 
Myrtus communis L. Ornithochorous Zoochorous 
Olea europaea L. var. sylvestris (Miller) Lehr. Ornithochorous Zoochorous 
Daphne gnidium L. Ornithochorous Zoochorous 
Smilax aspera L. Ornithochorous Zoochorous 
Quercus ilex L. Zoochorous (excl. avian) Zoochorous 
Phillyrea latifolia L. Zoochorous (incl. avian) Zoochorous 
Rubus ulmifolius Schott Zoochorous (incl. avian) Zoochorous 
Cistus creticus L. Barochorous & Myrmecochorous Zoochorous 
Cistus monspeliensis L. Barochorous & Myrmecochorous Zoochorous 
Cistus salvifolius L. Barochorous & Myrmecochorous Zoochorous 
Euphorbia dendroides L. Balistochorous & Myrmecochorous Zoochorous 
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Then, in a first analysis, all 8 dispersal groups were compared for TN, TS, WN and WS, using numbers 
of woody species individuals. In a second analysis, the 8 dispersal groups were assigned to two 
different categories: 1) “zoochorous” = all dispersal types interested by animal dispersal, 2) “not 
zoochorous” = the remnant dispersal types. Comparison was done pairwise between TN and WN and 
between TS and WS using Mann-Whitney Sum Rank tests. 
For these analyses, outliers were not deleted from the data set because the division in many groups 
caused a reduction of individuals per treatment group. 
 
 
4.2.2.2 Safe site effect 
Similar to the analyses made concerning the neighbourhood effect, also for the safe site effect were 
made first some analyses which test for the real existence of such an effect. Then, the age structure and 
the dispersal types of the species which colonize safe sites in old fields were studied. 
For all analyses were regarded as potential safe sites 1) the present vine plants that had been planted 
in a man-made soil depression and 2) the wall bases. 
Another step that was done before data evaluation was the deletion of all individuals of Rubus ulmifolius 
and Cistus ssp. from the data set. This was done because during field work it had been observed that 
their establishment in the old fields these species did not seem to depend on the microsites which here 
are regarded as potential safe sites. 
 
4.2.2.2.1 Testing for the real existence of a safe site effect 
In order to check the real existence of a SSE, the number of woody individuals growing in the ISSS was 
compared to those ones growing in the OSSS. North-facing relevés were evaluated separately from 
South-facing relevés.  
The comparison of woody individuals between the three treatment groups was done twice. The first 
time, the whole data set including all T- and W-transect relevés was used. The second time, in order to 
exclude neighbourhood effect’s influence on the safe site effect results, the analyses were done 
separately for T- and W-transects. 
 

4.2.2.2.2 Analysing the age structure of the colonizing individuals 
Similar to the neighbourhood effect, the age structure of the recorded individuals should indicate the 
extent of the safe site effect. So, the number of seedlings and the number of saplings and adults were 
compared between: 
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1) the vine ISSS and OSSS; 
2) the wall base ISSS and OSSS; 
3) the wall base ISSS and vine ISSS. 

 
4.2.2.2.3 Analysing the dispersal-type of the colonizing individuals 
A last analysis should give some indications on the driving forces of the safe site effect, which were 
hypothesised to be connected with dispersal patterns. It can be expected that the most important 
dispersal type for the SSE is the zoochorous one, since, as it has already been said, it was observed 
during field work that birds prefer to sit on the thick branches of surviving vine plants and, thus, they are 
more likely to leave faeces including seeds under the vine plants than in the rest of the old field. In 
addition, it was also noted that some mammals use vine plants as a shelter and, thus, may accumulate 
fruits with their seeds preferably under vine plants. Moreover, rats and mice live in the free spaces 
between the rocks that make up the terrace walls and may move, thus, more frequently at the wall base 
than in other parts of the field. 
In order to verify the seed-accumulating effect of these observations, the number of zoochorous species 
was compared between: 

1) vine ISSS to OSSS; 
2) wall base ISSS and OSSS; 
3) the wall base ISSS and vine ISSS. 

 
In addition, the number of woody individuals was compared between zoochorous and not zoochorous 
species (for the attribution of the dispersal type to the plant species cfr. paragraph 4.2.2.1.4): 

1) comparing vine ISSS to OSSS; 
2) comparing the wall base ISSS and OSSS; 
3) comparing the wall base ISSS and vine ISSS. 

 
As it had been done for the test on SSE existence, the comparison of woody individuals between the 
treatment groups was done twice. The first time, the whole data set including all T- and W-transect 
relevés was used. The second time, in order to exclude neighbourhood effect’s influence on the safe 
site effect results, the analyses were done separately for T- and W-transects. 
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4.3 Results 
 
4.3.1 Neighbourhood effect 
 
4.3.1.1 Testing for the real existence of a neighbourhood effect 
 

Analysis without regard to spatial position in terrace 

Within the transect relevés were found 21 woody species. The most frequent ones were Phillyrea 
latifolia, Arbutus unedo, Pistacia lentiscus, Rubus ulmifolius and Cistus spp.  
The scatter plots indicate that woody species colonization is more rapid in those old fields which have 
an older neighbour than in the old fields without older neighbour (Fig. 4.11, 4.12 and 4.13).  
When the Mann-Whitney Rank Sum test is used, the results show that there are significantly more 
woody individuals in TN than in WN and in TS than in WS (Tab. 4.3). In contrast, when woody cover is 
used, only the South-facing relevés showed a significant difference. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.11. Mean number of woody species individuals in 1 m2 of the transect relevés. TN = With older neighbour, North-
facing (n = 21), TS = With older neighbour, South-facing (n = 12), WN = Without older neighbour, North-facing (n = 9), WS = 
Without older neighbour, South-facing (n = 11). Treatment groups with different letters are statistically different at least at P < 
0.05; small letters represent results of Mann-Whitney test, capital letters the results from ANOVA. 

 

a/A a/A b/B b/C 
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Fig. 4.12. Mean woody species cover (%) of the transect relevés. TN = With older neighbour, North-facing (n = 22), TS = 
With older neighbour, South-facing (n = 12), WN = Without older neighbour, North-facing (n = 9), WS = Without older 
neighbour, South-facing (n = 11). Treatment groups with different letters are statistically different at least at P < 0.05; small 
letters represent results of Mann-Whitney test, capital letters the results from ANOVA. 
 
 

When TN, TS, WN and WS are compared by One Way ANOVA on ranks, the result is that there are 
significant differences between the four groups, in terms of individual numbers as well as in woody 
cover (Tab. 4.2). The pairwise comparison reveals that there are significantly more woody individuals in 
TN than in WN and than in WS. Moreover, there are more individuals in TS than in WS. 
For woody cover, pairwise comparison of the groups puts in evidence that in WS there is less cover by 
woody species than in all other treatment groups. 
 

Fig. 4.13. An example of the 
neighbourhood effect: above the upper 
white there is an old succession stage with 
high maquis vegetation. The old field 
between the high maquis and the 
cultivated vine field (below lower line) was 
abandoned only 25 years ago, but it 
shows already a closed shrub layer made 
up of maquis species. 

 
 

a/A a/A a/B b/C 
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Tab. 4.2. Results of Kruskal-Wallis ANOVA on Ranks on neighbourhood effect’s features: a) existence, b) linear structure 
and c) age structure. Treatment group abbreviations are: T = with older neighbour, W = without older neighbour, N = North, S 
= South. 

Source dF H 

EXISTENCE Neighbour Status x Exposition   
 Number of individuals 3 32.3*** 
 Woody cover (%) 3 22.5*** 
 Neighbour Status x Exposition x Position   
 Number of individuals 7 32.0*** 
 Woody cover (%) 7 20.7*** 

LINEAR STRUCTURE Subplot   
 Number of individuals   

 - TN 6 28.1*** 
 - TS 6 8.8 
 - WN 6 6.4 
 - WS 6 11.5 

 Woody cover (%)   
 - TN 6 15.9* 
 - TS 6 7.0 
 - WN 6 19.2** 
 - WS 6 4.2 

AGE STRUCTURE Neighbour Status x Exposition   
 Saplings & Adults 3 25.9*** 
 Seedlings 3 24.6*** 

* P < 0.05, ** P < 0.01, *** P < 0.001 
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Tab. 4.3. Results of Mann-Whitney Rank Sum test on neighbourhood effect’s features: a) existence, b) age structure and c) 
dispersal. Treatment group abbreviations are: N = North, S = South. Only the significantly differing comparisons are listed. 

Source T 

EXISTENCE NUMBER OF INDIVIDUALS  
 N 54.5*** 
 S 85.0** 
 Woody cover (%)  
 S 82.0** 

AGE STRUCTURE Saplings & Adults  
 N 89.5* 

 S 86.5** 
 Seedlings  
 N 72.5** 
 S 24.6*** 

DISPERSAL Dispersal type  
 N  
 - Zoochorous (excl. avian dispersal) 90.0* 
 - Barochorous & Myrmecochorous 90.0* 
 S  

 - Ornithochorous 188.5* 
 - Zoochorous (incl. avian dispersal) 200.0** 
 Dispersal category  
 N 77.5** 
 S 204.5** 

* P < 0.05, ** P < 0.01, *** P < 0.001 

 
 
Analysis including spatial position in terrace 
When One Way ANOVA on ranks was applied on 8 groups (TN, TS, WN, WS combined with A and BW, 
respectively; Fig. 4.14 and 4.15), also these groups resulted to be significantly different. Pairwise 
comparison identifies the following groups as different from each other (with the first partner always 
showing higher woody individual numbers than the second one, respectively): 1) TNA vs. WSA, 2) TNA 
vs. WSBW, 3) TNBW vs. WSBW and 4) TNBW vs. WSA. If woody cover is taken as a parameter, the 
differing groups are: 1) TNBW vs. WSA and 2) TNA vs. WSA. 
 
These results lead to the following conclusions: 

1) the neighbourhood effect does really exist; 
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2) the NE does not differ in its extent between North-facing and South-facing slopes;  
3) there is no overall difference between A- and BW-groups. 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.14. Mean number of woody species individuals in 1m2 of the transect relevés. T = With older neighbour, W = Without 
older neighbour, N = North-facing, S = South-facing, A = open field, BW = wall base. nTNA = 12; nTNBW = 9; nTSA = 6; nTSBW = 6; 
nWNA = 6; nWNBW = 3; nWSA = 6, nWSBW = 6. Treatment groups with different letters are statistically different at least at P < 0.05; 
barred groups did not result significantly different from any other group. 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.15. Mean woody species cover (%) of the transect relevés. T = With older neighbour, W = Without older neighbour, N 
= North-facing, S = South-facing, A = open field, BW = wall base. nTNA = 13; nTNBW = 9; nTSA = 6; nTSBW = 6; nWNA = 6; nWNBW = 
3; nWSA = 6, nWSBW = 6. Treatment groups with different letters are statistically different at least at P < 0.05; barred groups did 
not result significantly different from any other group. 

A A - - - - B B 

A A - - - - B - 
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4.3.1.2 Analysing the linear structure of the colonizing individuals 
When the percentages of woody cover in the single subplots of TN, TS, WN and WS are compared (Fig. 
4.17), there are no statistically significant differences between the single subplots in TS and in WS. In 
TN and WN, there are significant differences between the single subplots, but the pairwise comparisons 
were not significant.  
 
 
 
 
 
 
 
 
 
 

Fig. 4.16. Mean number of woody species individuals (and standard deviation) for the single seven subplots of the transect 
relevés. TN = With older neighbour, North-facing (n = 22 for subplot nr. 4 and 7, n = 21 for all other subplots), TS = With 
older neighbour, South-facing (n = 12 for all subplots), WN = Without older neighbour, North-facing (n = 9 for all subplots), 
WS = Without older neighbour, South-facing (n = 12 for subplot nr. 1, 2 and 7; n = 11 for all other subplots). Treatment 
groups with different letters are statistically different at least at P < 0.05; barred groups did not result significantly different 
from any other group. 
 
 
 
 

 
 
 
 
 
 
 
Fig. 4.17. Mean woody species cover (%, standard deviation) for the single seven subplots of the transect relevés. TN = With 
older neighbour, North-facing (n = 22 for subplot nr. 2, 4 and 7, n = 21 for all other subplots), TS = With older neighbour, 
South-facing (n = 11 for subplots nr. 5 and 7; n = 12 for all other subplots), WN = Without older neighbour, North-facing (n = 
9 for all subplots), WS = Without older neighbour, South-facing (n = 12 for subplot nr. 2; n = 11 for all other subplots). 
Treatment groups with different letters are statistically different at least at P < 0.05. 

A - B B B B 

B 

A A A A A A 

A 
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In contrast, when the number of individuals is compared (Fig. 4.16), in TN there are significantly more 
woody individuals in subplot 1 than in subplot 3, 4, 5, 6 and 7. Within TS, WN and WS, however, there 
were no significant differences. 
These results indicate that the neighbourhood effect does not get weaker within the first 13 m of the 
target field. Only on North-facing slopes, within 3 m of the neighbouring field there is an increase in NE. 
 
 
4.3.1.3 Analysing the age structure of the colonizing individuals 
The number of adults and saplings is significantly higher in TN than in WN, and in TS than in WS 
(Mann-Whitney; Fig. 4.18). 
When the four groups are compared by ANOVA, there are significant differences, but with pairwise 
comparisons by Dunn there are only significantly more adults and saplings in TN than in WS, and in TS 
than in WS. 
In contrast, the number of seedlings differs on North-facing slopes but not on South-facing slopes 
between T and W (Mann-Whitney; Fig. 4.19). Also with ANOVA, the differences between the four 
groups are significant. With Dunn, the only significant higher number of seedlings are found in TN 
compared to WS, in TN compared to WN and in TN compared to TS. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.18. Number of saplings and adults of woody individuals present in in 1 m2 of the transect relevés. TN = With older 
neighbour, North-facing (n = 22), TS = With older neighbour, South-facing (n = 12), WN = Without older neighbour, North-
facing (n = 9), WS = Without older neighbour, South-facing (n = 11). Treatment groups with different letters are statistically 
different at least at P < 0.05; small letters represent results of Mann-Whitney test, capital letters the results from ANOVA. 

a/A a/A b/A b/B 
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Fig. 4.19. Number of seedlings saplings of woody individuals present in 1 m2 of the transect relevés. TN = With older 
neighbour, North-facing (n = 21), TS = With older neighbour, South-facing (n = 12), WN = Without older neighbour, North-
facing (n = 9), WS = Without older neighbour, South-facing (n = 12). Treatment groups with different letters are statistically 
different at least at P < 0.05; small letters represent results of Mann-Whitney test, capital letters the results from ANOVA. 

 
 
4.3.1.4 Analysing the dispersal type of the colonizing individuals 
The most important dispersal types for the neighbourhood effect are the zoochorous ones.  
When the 8 dispersal types are compared, on North-facing slopes there are significantly more 
individuals of zoochorous (excl. avian) and barochorous/myrmecochorous species in TN than in WN 
(Fig. 4.20). On South-facing slopes, TN shows higher number of ornithocorous and zoochorous (incl. 
avian) species than WN. 
When the two dispersal categories “zoochorous” and “not zoochorous” are compared, the zoochorous 
species are more abundant in old fields with older neighbour on North-facing as well as on South-facing 
slopes (Fig. 4.21). In contrast, there are no significant differences in the number of individuals when the 
“not zoochorous” species are compared between T and W. 
 

a/A a/B b/C a/D 
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Fig. 4.20. Number of woody individuals present in 1 m2 of transect relevé according to dispersal type. Note that the first 
scatterplot has a scale differing from the other scatterplots. TN = With older neighbour, North-facing (n = 22), TS = With older 
neighbour, South-facing (n = 12), WN = Without older neighbour, North-facing (n = 9), WS = Without older neighbour, South-
facing (n = 12). Anemo = Anemochorous, Baro = Barochorous, Balisto = Balistochorous, Myrm = Myrmemochorous, Zoo 
(excl. Orn) = Zoochorous (excl. avian dispersal), Orn = Ornithochorous, Orn + Zoo = Zoochorous (incl. avian dispersal). 

 
 
 
 
 

TN TS 

WN WS 
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Fig. 4.21. Number of woody individuals 
present in 1 m2 of transect relevé according 
to dispersal category. Note that the 
scatterplots above have a scale differing from 
the below scatterplots. TN = With older 
neighbour, North-facing (n = 22), TS = With 
older neighbour, South-facing (n = 12), WN = 
Without older neighbour, North-facing (n = 9), 
WS = Without older neighbour, South-facing 
(n = 12). “Not Zoochorous” includes 
anemochorous, barochorous and 
balistochorous dispersal, while “Zoochorous” 
includes myrmemochorous, zoochorous 
(excl. avian dispersal), ornithochorous and 
zoochorous (incl. avian dispersal) dispersal. 

 
 
 
 
 
 
 
 
 

 
 
 
4.3.2 Safe site effect 
 
4.3.2.1 Testing for the real existence of a safe site effect 
When the whole data set of transect relevés is analysed, results of ANOVA shows that there is a 
significant difference between the three treatment groups (OSSS vs. vine ISSS vs. wall base ISSS) on 
North-facing slopes as well as on South-facing slopes (Fig. 4.22). However, pairwise comparison by 
Dunn results only for Northern wall bases in significantly higher numbers of woody individuals compared 
to Northern OSSS (Tab. 4.4). 

T T

W W
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In contrast, direct comparison of the treatment groups by Mann-Whitney tests showed that woody 
individuals are significantly more abundant under North-facing vine plants and at the wall bases than in 
the open spaces (Tab. 4.5). No significant differences were found between South-facing treatment 
groups. 
So, according to these tests, a clear safe site effect exists on Northern slopes, and, according to 
ANOVA, also on Southern slopes (Fig. 4.23 and 4.24). 
 

 
Fig. 4.22. Number of woody species individuals in the different microsites of an old field. T + W = Data set of all transect 
relevés, T = data set consists only of the T-transect relevés (= With older neighbour), N = North-facing slopes, S = South-
facing slopes; Vine ISSS = inside-safe-site-surface under vine plants (nT+WN = 59, nT+WS = 56, nTN = 32, nTS = 29), OSSS = 
outside-safe-site-surface (nT+WN = 123, nT+WS = 80, nTN = 81, nTS = 38), Wb ISSS = inside-safe-site-surface at wall bases 
(nT+WN = 103, nT+WS = 101, nTN = 74, nTS = 48). Treatment groups with different letters are statistically different at least at P < 
0.05; small letters represent results of Mann-Whitney test, capital letters the results from ANOVA; barred groups did not 
results significantly different from any other group. 

T+W,N 

T,N T,S 

T+W,S 

a/- b/A a/B 

-/- a/A b/B 

a/A a/A a/A 

a/A b/B -/- 



  4. Part II 

 109

Tab. 4.4. Results of Kruskal-Wallis ANOVA on Ranks on safe site effect’s features: a) existence, b) age structure and c) 
dispersal. Treatment group abbreviations are: T = with older neighbour, W = without older neighbour, N = North, S = South, 
Vine ISSS = inside-of-safe-site-surface under vine plants, Wb ISSS = inside-of-safe-site-surface at the wall base, OSSS = 
outside-of-safe-site-surface. 

Source dF H 

EXISTENCE Microsite (T+W)   
 N 2 27.8*** 
 S 2 16.2*** 
 MICROSITE (T)   
 N 2 23.8*** 
 S 2 14.7*** 
AGE STRUCTURE MICROSITE (T+W)   

 N, Saplings & Adults 2 31.0*** 
 S, Saplings & Adults 2 14.2*** 
 N, Seedlings 2 15.2*** 
 S, Seedlings 2 3.9 
 MICROSITE (T)   
 N, Saplings & Adults 2 25.4*** 
 S, Saplings & Adults 2 14.0*** 
 N, Seedlings 2 11.8** 
 S, Seedlings 2 3.6 

DISPERSAL Dispersal category x Microsite   
 Vine ISSS vs. OSSS (T+W)   
 - N 3 72.9*** 
 - S 3 43.3*** 
 Wb ISSS vs. OSSS (T+W)    
 - N 3 44.3*** 
 - S 3 13.0** 
 Wb ISSS vs. vine ISSS (T+W)    
 - N 3 46.6*** 
 - S 3 21.6*** 
 Vine ISSS vs. OSSS (T)    
 - N 3 40.8*** 
 - S 3 38.7*** 
 Wb ISSS vs. OSSS (T)    
 - N 3 31.0*** 
 - S 3 13.4** 
 Wb ISSS vs. vine ISSS (T)    
 - N 3 33.4*** 
 - S 3 19.8*** 

* P < 0.05, ** P < 0.01, *** P < 0.001 
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Tab. 4.5. Results of Mann-Whitney Rank Sum test on safe site effect’s features: a) existence, b) age structure and c) 
dispersal. T = T-statistic from Mann-Whitney test. Treatment group abbreviations are: T = with older neighbour, W = without 
older neighbour, N = North, S = South, Vine ISSS = inside-of-safe-site-surface under vine plants, Wb ISSS = inside-of-safe-
site-surface at the wall base, OSSS = outside-of-safe-site-surface. Only the significantly differing comparisons are listed. 

Source T 

EXISTENCE T+W  
 N  
 - Vine ISSS vs. OSSS 6,126.0* 
 - Wb ISSS vs. OSSS 13,642.0*** 
 T  
 N  
 - Wb ISSS vs. OSSS 6,826.0*** 
 S  
 - Vine ISSS vs. OSSS 1,176.0* 
AGE STRUCTURE T+W  
 Saplings & Adults  

 - N, Wb ISSS vs. OSSS 14,659.0*** 
 Seedlings  
 - N, Wb ISSS vs. OSSS 13,660.5* 
 T  
 Saplings & Adults  
 - N, Vine ISSS vs. OSSS 1,206.0* 
 - N, Wb ISSS vs. OSSS 7,598.0*** 
 Seedlings  
 - N, Wb ISSS vs. OSSS 6,931.0* 

DISPERSAL T+W  
 N  
 - Vine ISSS vs. OSSS 6,794.0** 
 - Wb ISSS vs. OSSS 13,755* 
 T  
 N  
 - Vine ISSS vs. OSSS 2,359.0* 
 - Wb ISSS vs. OSSS 70,717.0* 
 S  

 - Vine ISSS vs. OSSS 1,245.0* 

* P < 0.05, ** P < 0.01, *** P < 0.001 
 
 
Also when the neighbourhood effect is taken out of the equation (i.e. only by analysing T-transects), 
ANOVA still indicates the existence of a safe site effect for both expositions (Fig. 4.22). Pairwise 
comparisons show that there are significantly more woody individuals at the wall bases than in the open 
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spaces (only N-facing slopes) and more under vine plants than in the open spaces (only S-facing 
slopes). 
With Mann-Whitney direct comparison, the only treatments groups which differ significantly from each 
other are 1) wall base ISSS vs. OSSS on Northern slopes and 2) vine ISSS vs. OSSS on Southern 
slopes, with the first partner showing higher numbers of individuals, respectively. 
 

Fig. 4.23. Example of the safe 
site effect at the wall base: more 
woody individuals grow along 
the wall base than in the rest of 
the old field. 

 
 
 
 
 
 
 
 
 
Fig. 4.24. Example of the safe 
site effect under vine plants 
(arrow): an individual of Arbutus 

unedo has germinated and 
grown under a vine plant in an 
old field. It has already 
outgrown the vine plant. 
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4.3.2.2 Analysing the age structure of the colonizing individuals 
As the scatterplots show, the W-relevés do not contribute in noticable way to individual numbers (Fig. 
4.25 and 4.26). 
When only the T-relevés are analysed, the direct comparison of the North-facing microsites shows that 
there are significantly more saplings and adults 1) in vine ISSS than in OSSS and 2) in wall base ISSS 
than in OSSS (Fig. 4.25). However, neither between vine ISSS and wall base ISSS, nor in any of the 
combinations on Southern slopes there are significant differences. 
When T- and W-relevés are analysed together, only at N-facing wall bases there are significantly more 
saplings and adults than in the open spaces. 

 
Fig. 4.25. Number of saplings and adults of woody species individuals in the different microsites of an old field. T + W = Data 
set of all transect relevés, T = data set consists only of the T-transect relevés (= With older neighbour), N = North-facing 
slopes, S = South-facing slopes; Vine ISSS = inside-safe-site-surface under vine plants (nT+WN = 61, nT+WS = 58, nTN = 34, nTS 
= 30), OSSS = outside-safe-site-surface (nT+WN = 126, nT+WS = 80, nTN = 85, nTS = 38), Wb ISSS = inside-safe-site-surface at 
wall bases (nT+WN = 109, nT+WS = 103, nTN = 79, nTS = 49). Treatment groups with different letters are statistically different at 
least at P < 0.05; small letters represent results of Mann-Whitney test, capital letters the results from ANOVA; barred groups 
did not results significantly different from any other group. 

T+W,N 

T,N T,S 

T+W,S 

-/- a/A b/B 

a/- b/A a/B 

a/A a/A a/A 

a/A a/A a/A 
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Fig. 4.26. Number of seedlings of woody species individuals in the different microsites of an old field. T + W = Data set of all 
transect relevés, T = data set consists only of the T-transect relevés (= With older neighbour), N = North-facing slopes, S = 
South-facing slopes; Vine ISSS = inside-safe-site-surface under vine plants (nT+WN = 61, nT+WS = 58, nTN = 34, nTS = 30), 
OSSS = outside-safe-site-surface (nT+WN = 125, nT+WS = 81, nTN = 84, nTS = 39), Wb ISSS = inside-safe-site-surface at wall 
bases (nT+WN = 107, nT+WS = 102, nTN = 77, nTS = 48). Treatment groups with different letters are statistically different at least 
at P < 0.05; small letters represent results of Mann-Whitney test, capital letters the results from ANOVA; barred groups did 
not results significantly different from any other group. 

 
 
An analysis of the T-relevés with ANOVA shows that there are significant differences between the three 
treatment groups (vine ISSS vs. OSSS vs. wall base ISSS) on Northern as well as on Southern slopes. 
But with Dunn only the values at Northern wall bases result to be higher than in OSSS. These results 
are the same when T- and W-relevés are analysed together. 
When the number of seedlings is compared, the only significant difference exists between wall base 
ISSS and OSSS on Northern slopes (Fig. 4.26). This is valid for “only T-relevés” as well as for “T- and 
W-relevés together” analyses. 

T+W,N 

T,N T,S 

T+W,S 

-/- a/A b/A 

-/- a/A b/A 

a/A a/A a/A 

a/A a/A a/A 
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ANOVA finds significant differences between the three treatment groups (vine ISSS vs. OSSS vs. wall 
base ISSS) only on Northern slopes. However, Dunn’s test does not identify significant differences, 
neither analysing only T-relevés nor analysing T- and W-relevés together. 
 
 
4.3.2.3 Analysing the dispersal-type of the colonizing individuals 
As the scatterplots indicate, the zoochorous dispersal types strongly influence the safe site effect (Fig. 
4.27).  
Analysing all transect relevés in one data set (= T- and W-transects), there are significantly higher 
zoochorous-individual numbers: 

1) under vine plants than in open spaces (North-facing slopes); 
2) at the wall bases than in the open spaces (North-facing slopes). 

In contrast, when the W-transects are excluded from the analysis, there are significant differences in 
zoochorous individual numbers not only between the two above listed combinations, but also between 
vine ISSS and OSSS on South-facing slopes.  
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Fig. 4.27. Number of woody species individuals in the different microsites of an old field, shown separately for zoochorously 
dispersed species and not zoochorously dispersed species. T + W = Data set of all transect relevés, T = data set consists 
only of the T-transect relevés (= With older neighbour), N = North-facing slopes, S = South-facing slopes; Vine = inside-safe-
site-surface under vine plants, (zoo: nT+WN = 61, nT+WS = 58, nTN = 34, nTS = 30, not zoo: nT+WN = 62, nT+WS = 59, nTN = 35, nTS 
= 31), OSSS = outside-safe-site-surface (zoo: nT+WN = 125, nT+WS = 81, nTN = 83, nTS = 39, not zoo: nT+WN = 127, nT+WS = 80, 
nTN = 85, nTS = 38), Wb ISSS = inside-safe-site-surface at wall bases (zoo: nT+WN = 108, nT+WS = 104, nTN = 78, nTS = 50, not 
zoo: nT+WN = 109, nT+WS = 103, nTN = 79, nTS = 49). Treatment groups with different letters are statistically different at least at 
P < 0.05; small letters represent results of Mann-Whitney test, capital letters the results from ANOVA; barred groups did not 
results significantly different from any other group. 

 
 
 
 

T+W,N 

T,N T,S 

T+W,S 
a/A b/B a/- -/C -/- -/- a/A a/A a/A a/A a/A a/A 

a/A b/- a/- -/B -/- -/- a/A b/A -/A -/A -/A -/A 
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4.4 Discussion and Conclusions 
 
4.4.1 Neighbourhood effect 
Many studies of secondary succession processes assume that the quantity of propagules of invading 
species which are present in the proximity of an old field influences the pace of succession (De Steven, 
1991; Myster, 1994; Ne’eman & Izhaki, 1996; Pelleri & Sulli, 1999; Rousset & Lepart, 1999; Masutti, 
2002; Petrocelli et al., 2003). However, only few studies verify the existence of such a neighbourhood 
effect (McDonnell & Stiles, 1983; Debussche & Lepart, 1992; Speranza & Sirotti, 1995; Speranza et al., 
1995; Grunicke, 1996; Speranza & Tonioli, 2001). 
Summarizing the results of the neighbourhood data evaluation, it can be said that in old fields which 
have an old succession stage as a neighbour the number of zoochorously dispersed woody species 
individuals is higher than in old fields which are surrounded up to a 100 m-distance only by young 
succession stages. This is valid for North-facing slopes as well as for South-facing slopes. Thus, it can 
be stated that an older neighbour accelerates secondary succession processes. But what are the 
underlying mechanisms of such a neighbourhood effect (NE)?  
The main mechanisms are: 

1) seed dispersal distance, which determines seed arrival in an old field, 
2) the ecological requirements of the seeds for germination and of the seedlings for survival. 

Focusing on the first point, as a general rule it can be said that seed rain decreases with increasing 
distance from the source (i.e. the mother plant) (Alcántara et al., 2000; Bustamante & Simonetti, 2000). 
However, above all if animals are the dispersal vectors, the decrease of seed rain may not be linear, 
since the presence of perching or roosting places may create seed rain patterns which show peaks also 
at noteworthy distances from source plants (Debussche & Lepart, 1992). These authors found that 
woody species seeds can be deposited by birds or mammals also more than 100 m far from the mother 
plants. 
In order to evaluate this crucial point, one has to look at the habits of the animal dispersal vectors 
present on Pantelleria Island. These are birds, small mammals, ants and probably also lizards. The 
abiotic dispersal vectors are not of importance for the NE, since no significant differences were found 
between the presence of abiotically dispersed woody individuals in old fields with older neighbour 
compared to old fields without older neighbour. Anyway, it might be added that the non-zoochorous 
species found in the transect relevés all performed small dispersal distances, since barochorous and 
balistochorous plants do not cross large distances. The only anemochorous species were Erica spp., 
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but also their seeds are characterized by small dispersal distances because they do not have special 
morphological traits for wind dispersal (Cervelli, 2005). 
On Pantelleria, the main birds acting as dispersal vectors are, among others, Turdus philomelos, Sturnus 

vulgaris and Monticola solitarius for the medium and small-sized fruits and Saxicola torquata, Sylvia 

melanocephala, Carduelis carduelis, Carduelis cannabina, Parus caeruleus ultramarinus, Phoenicurus 

ochruros and Erithacus rubecola for the small-sized fruits (Dr. T. La Mantia, pers. comm.). These birds 
refer to two groups: 1) those species which live mainly in the maquis and shrublands or on their edges 
and do never invade open spaces and 2) those species which feed, reproduce and rest in both 
shrublands/maquis and open spaces, arriving also at distances >100 m from woody communities.  
Of the woody species recorded in the transect relevés, species dispersed by birds are Phillyrea latifolia, 
Arbutus unedo, Pistacia lentiscus, Lonicera implexa, Daphne gnidium, Smilax aspera, Olea europaea 

var. sylvestris, Myrtus communis and Rubus ulmifolius. 
 
Other than birds, small mammals are important seed dispersers on Pantelleria. The herbivorous ones 
are Apodemus sylvaticus, Mus domesticus, Rattus rattus and Oryctolagus cuniculus (Sarà, 1998). All 
these animals consume fleshy fruits and, thus, according to their body size may be dispersers of 
different species, including Phillyrea latifolia, Arbutus unedo, Pistacia lentiscus and Myrtus communis. 
However, the only mammal which on Pantelleria arrives at dispersal distances >100m is the rabbit (Prof. 
B. Massa, pers. comm.). 
Concerning non fleshy fruits, about rodents it is known that they transport acorns to a maximum of 60m, 
but mainly up to a 30 m-distance from source plants (Murray, 1986; Cavalli et al., 2000). On Pantelleria, 
the only present oak is Quercus ilex.  
 
Also ants may be important dispersers, even if there are no specific studies for Pantelleria. Plants which 
are surely myrmecochorous are Cistus spp. and Euphorbia dendroides (Molinier & Muller, 1938), but 
also Phillyrea latifolia, Pistacia lentiscus and Myrtus communis may be dispersed by ants (Cervelli, 
2005). However, dispersal distances of ants are quite short. 
 
Even if due to the lack of specific studies dispersal by lizards could not be included in data evaluation, it 
has to be underlined that these animals, above all on islands (Olesen & Valido, 2003), may be important 
seed dispersers (Castilla, 1999). In fact, lizards were often seen climbing within shrubs or on vine plants 
on terraces (Rühl, pers. observ.), which could mean that they feed on these plants’ fruits. Lizards may 
eat and defecate seeds up to sizes of a Phillyrea latifolia seed (P. Lo Cascio, pers. comm.). 
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The amount of seeds which arrive in an old field is, thus, a function of the dispersal vectors habits (Fig. 
4.28 and 4.29). Ornithochorous seed arrival decreases rapidly with increasing distance from the source 
plants, because only in their direct proximity those bird species which live exclusively in woody 
communities or at their edges contribute to seed rain. Even if lower, ornithochorous seed arrival can be 
found also at long distances from seed sources because birds which live in woody communities as well 
as in open spaces disperse seeds over long distances. Local peaks can occur when perches or fruiting 
shrubs create nucleation processes (McDonnell & Stiles, 1983; Debussche & Lepart, 1992). 
The only other animals capable of transporting seeds beyond a 100 m-distance are rabbits, while in 
contrast rodents concentrate their activity to short distances from source plants. Even at lower distances 
arrive seeds dispersed by ants and wind. 
 

 
Fig. 4.28. Estimation of dispersal 
intensity along the distance from source 
plants for the main dispersers of 
Pantelleria: birds, small mammals 
(rabbits and rodents), ants and wind.  

 
 
 
 
 
 
 

 
 
Once a seed arrives in an old field, favourable conditions may let it germinate and then establish. The 
germination of seeds and survival of seedlings depends mainly upon microclimatic conditions: light, soil 
moisture and temperatures are very important factors (Bradbeer, 1988; Kigel & Galili, 1995). In this 
context, the recruitment rate of woody individuals is often positively influenced by facilitation effects of 
other woody, already established individuals (= nurse shrub effect; cfr. also paragraph 4.4.2; Callaway, 
1995). 
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Fig. 4.29. Old fields which have been abandoned only 
some years ago are characterized by herbaceous 
vegetation. In these cases vine plants are attractive for 
birds as perching structures and for feeding. As a result, 
they are defecation foci. With time, the established 
ornithochorous plant individuals (here Phillyrea latifolia) 
outgrow the vine plant. 

 
 

 

 

 

 

 
 
 

 
 
In order to analyse the neighbourhood effect, established woody species individuals had been 
recorded. Thus, data reflected the status of woody colonization as a result of the processes described 
above. In terms of woody species individuals, data evaluation confirmed the existence of a NE for both 
expositions and also when only saplings and adults were compared between T and W old fields. 
However, when woody cover was analyzed, NE was significant only for South-facing slopes. This 
means that on North-facing slopes lower seed rain reduces the number of recorded individuals, but the 
conditions for their growth are better than on South-facing slopes. A similar observation was made by 
Speranza & Tonioli (2001), who found that basal stem diameter and height of young Quercus 

pubescens individuals was lower in old fields next to forest than in open fields more distant from the 
forest edge. They explained this fact by competition which may be lower between invading shrubs and 
herbaceous vegetation (= long-distance old field) than between invading shrubs and elevated woody 
cover in proximity of the forest. Moreover, woody cover does not differ between T and W on S-slopes 
because there the environment is harsher, thus abiotic stress reduces growth of the woody individuals 
more than competition. From this point of view, the NE would be more important on S-slopes than on N-
slopes.  
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Also the more detailed analysis on the dispersal vectors seems to reflect the harsher conditions on 
South-facing slopes, which seem to limit the germination and survival of ornithochorous and zoochorous 
(= avian and mammal dispersed) species to a lesser extent than the germination and survival of non-
ornithochorous ones. There were found significant differences between T and W fields in individuals 
number of the first group only on S-slopes but not on N-slopes. In contrast, on N-slopes were recorded 
more barochorous and more mammaliochorous individuals in the T old fields than in the W old fields, a 
fact that was not observed on S-slopes. On N-slopes, this difference is perfectly explainable by the low 
dispersal distances by rodents, ants and gravity. On S-slopes, this pattern does not repeat for the 
harsher conditions, which lower the germination and survival rate of these species in T- as well as in W-
old fields. 
 
 
4.4.2 Safe site effect 
Summarizing, from the pairwise comparisons (by Dunn or by Mann-Whitney) resulted that (Fig. 4.27): 

1. when woody species seeds are placed by animals under vine plants or at the wall base, there 
is a greater probabilty for them to establish than if they are placed by animals in the open 
spaces of an old field; this is valid for North-facing slopes independently of low or high seed rain 
rates (T+W vs. T); 

2. on South-facing slopes, only under high seed rain rates (T), there is a greater probability for 
seedling establishment when seeds of woody species are placed by animals under vine plants 
than when they are put in the open spaces of an old field. 

3. on South-facing slopes, the wall bases did not significantly increase seedling establishment 
probability, neither with low nor with high seed rain rates. 

Among the microsites listed above, those which increase seedling establishment probability, and thus to 
a certain extent also adult recruitment probability, can be regarded as real safe sites for the woody 
species which colonize Pantelleria Island old fields. So, within few decimeters seed germination and 
seedling survival probability changes notably (Callaway & D’Antonio, 1991). 
But how is this safe site pattern created? The underlying mechanisms are at least two: 

1) passive facilitation and 
2) active facilitation. 

“Facilitation” describes positive interactions among plants, resulting in a benefit at least for one of the 
plant individuals (Callaway, 1995). The term “passive facilitation” describes the fact that animals which 
act as dispersal vectors tend to create heterogeneous seed rain patterns because they frequent certain 
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microhabitats more often than others (Debussche & Lepart, 1992; Callaway & D’Antonio, 1991). In case 
of birds, there are many studies where bird-dispersed seeds were defecated or regurgitated more 
frequently under isolated or clumped shrubs than in open interspaces (Houssard et al., 1980; McDonnell 
& Stiles, 1983; Fulbright et al., 1995; Alcántara et al., 2000; Duncan & Chapman, 2002). In general, this 
is caused by birds habit to use plants which are higher than a low, monotonous vegetation layer (such 
as it is herbaceous vegetation typical for young succession stages) as perches after having fed on 
nearby shrubs or trees (McDonnell & Stiles, 1983; Stiles & White, 1986; Debussche & Lepart, 1992; 
Franco-Pizana et al., 1996). Another main reason why birds sit on shrubs is that shrubs are attractive to 
birds because they themselves produce fruits (McDonnell & Stiles, 1983). This is valid also for isolated 
shrubs, even if some studies have put in evidence that birds prefer to move near forest edges or 
shrublands and not in open spaces (McDonnell & Stiles, 1983). This depends, however on the bird 
species, as there are also species which use open spaces as their habitat (cfr. paragraph 4.4.1). 
Passive facilitation can also derive from mammal dispersal. Small vertebrates, above all rodents, do not 
only feed on seeds, they often also hoard them in caches. Since these animals have to shelter 
themselves against predation (by birds or other mammals), they frequent microsites with elevated 
vegetation cover more often than open spaces (Manson et al., 2001; Li & Zhang, 2003). As a 
consequence, seeds are transported more frequently under shrubs than under herbaceous vegetation. 
 
The second mechanism underlying safe site patterns is active facilitation, also known as the “nurse 
plant effect”. It describes the positive influence of an existing (woody or herbaceous) plant individual on 
the establishment or the growth of another one (Bertness & Callaway, 1994; Pugnaire et al., 1996). In 
the last decades, a lot of studies have treated this argument (Fowler, 1988; Fulbright et al., 1995; Tonioli 
& Speranza, 2003), identifying as driving forces for active facilitation mainly the modification of 
resources (light, temperature, soil moisture, soil nutrients) or herbivory intensity (Callaway & D’Antonio, 
1991), but also the modification of substrate, pollination rates, concentration of propagules and 
mycorrhizal network are known as possible factors (Callaway, 1995). It is also important to underline 
that there is a broad consensus in scientific literature about the fact that active facilitation processes get 
more important the harsher the environment gets (Bertness & Callaway, 1994; Pugnaire et al., 1996; 
Vilà & Sardans, 1999). In fact, for arid and semi-arid environments there are several studies which put in 
evidence the reduced importance of competition between plant individuals (even if resources are 
scarce) because the establishing individual benefits from one or more nurse plants (Turner et al., 1966; 
Callaway & D’Antonio, 1991; Valiente-Banuet, 1991; Vetaas, 1992; Franco-Pizana et al., 1996). 
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Under Mediterranean climate conditions active facilitation has to be regarded as a main driving factor of 
secondary succession processes (Bertness & Callaway, 1994). It can be assumed that the most 
important factors for active facilitation under Mediterranean climate are the heat- and drought-stress 
reduction through temperature reduction and soil moisture increase under the canopy of shrubs 
(Fulbright et al., 1995; Speranza & Sirotti, 1995), which first occur as isolated individuals in an old fields 
and, due to facilitation, may then create shrub nucleation. 
It should be added that in an old field the mechanisms of active facilitation might not only be realized by 
isolated shrub individuals, but also by other objects, such as single rocks or rock accumulations which 
may modify soil temperature and moisture (Fowler, 1988). In terraced old fields it can be expected that 
the terrace walls may have facilitative capacity as they modify microclimatic conditions (cfr. paragraph 
5.3.4). 
Coming back to the results of the present study, it is important to underline that the measured parameter 
was “at least seedling establishment”, since for evaluation all recorded individuals (seedlings, saplings 
and adults) have been used. There are various passages that a seed has to pass prior to be found in an 
old field as a seedling (Fig. 4.30). First, a mature seed undergoes dispersal, which is the transport from 
the mother plant to a surface (Schupp & Fuentes, 1995). Once arrived on a surface, the seed may be 
dislocated once again by secondary dispersal mechanisms (Debussche & Lepart, 1992). At his final 
destination, if it meets favourable conditions and if it is still vital, the seed germinates and becomes an 
early seedling (= a plant which still lives from the reserves stored in the seed; Murray, 1986). As a next 
step, the early seedling will establish if the environment is favourable. Successful seedling 
establishment means that the seedling is sufficiently intact to have the expectation of reaching maturity, 
including a sufficient root system and the beginning of net gain in dry weight due to photsynthetic organ 
development (Bradbeer, 1988). 
Facilitation can influence every passage that a seed has to undergo to become an established seed 
(Callaway & D’Antonio, 1991). Thus, in order to interpret the safe site patterns that have been found on 
the abandoned terraces, for every microsite type it can be asked: 

1) Are there more seedlings in a microsite than in other microsites because there is an elevated 
seed arrival due to passive facilitation or 

2) are there more seedlings in a microsite than in other microsites because there is a higher 
germination, establishment and survival rate due to active facilitation? 

If one applies these questions to the vine microsites, it can be hypothesised that to a certain extent a 
vine plant can be structurally treated like an isolated shrub (Houssard et al., 1980), as it has branches 
that arrive above the herbaceous vegetation layer in the young stages of succession. Moreover, the 
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ripening of grapes partially overlaps with that of maquis shrubs fruits, making the vine plant attractive for 
birds (Stiles & White, 1986). Even if most vine ripens in summer, up to December/January can be find 
residual vine fruits on vine plants in the abandoned fields and vine seeds can be found in the faeces of 
birds (Rühl, unpubl. data). Also mammals which feed on fruits of maquis shrubs eat vine fruits and, thus, 
may defecate vital seeds under vine plants. This was observed for example on rabbits: in their faeces, 
viable Phillyrea latifolia seeds were found together with vine seeds (Rühl, unpubl. data). So, from direct 
observations on Pantelleria and from the existing literature (Ne’eman & Izhaki, 1996), it can be stated 
that vine plants are frequented by seed-dispersing animals as perches, shelter and feeding source. As a 
consequence, seed arrival probability is higher under vine plants than in open spaces. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.30. Passages of adult recruitment from a seed. In boxes are written the life stages of a plant, in bold the main 
processes that link one life stage to the next one. In italics have been added the types of facilitation that may influence these 
processes. 

 
 
Regarding active facilitation of vine plants, through abiotic factor measurements (cfr. paragraph 5.3.4) 
and from literature, it can be assumed that the canopy of a vine plant, together with the man-made soil 
depression in which it was planted, does have a facilitation effect on arriving seeds. Under vine plants, 
air temperatures are lower and soil moisture is higher than in the open spaces. Even if every plant 
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species has its own environmental requirements for germination, seeds generally need to be imbibed by 
water to germinate (Bradbeer, 1988; Kigel & Galili, 1995). Moreover, high temperatures can lead to a 
lethal desiccation of seeds. Thus, vine plants can enhance woody species seed germination. In 
addition, it can also be assumed that the reduced heat and drought stress conditions under vine plants 
increase survival from seedling to adults. 
So, under vine plants both passive and active facilitation act together, resulting in an elevated presence 
of woody individuals if compared with the open spaces of an old field. However, how can be explained 
that with decreasing seed rain, on Southern slopes the vine plants do not result any more as safe sites? 
To answer this question, first of all it must be underlined that seed rain decreases with increasing 
distance from the mother plant (cfr. also paragraph 4.4.1; Debussche & Lepart, 1992; Alcántara et al., 
2000). This process should have the same extent in both expositions, since most maquis species have 
mature fruits in the autumn/winter period, when Southern expositions do not present excessive heat 
conditions which might be avoided by animals. If in both expositions seed rain gets equally lower with 
increasing distance from maquis patches, it can be concluded that the only way to reduce woody 
individuals presence under the South-facing vine plants is a weaker active facilitation effect. So, under 
Southern vine plants less seeds germinate or less seedlings survive than under Northern vine plants. 
 
Also the safe site effect of the terrace wall can be explained by facilitation processes. At wall bases, for 
the lacking perch effect, it can be hypothesised that passive facilitation is performed much more by 
small mammals than by birds. The only reason for birds to frequent the wall base is an existing fruiting 
shrub or a vine plant growing at the wall base to feed on. In contrast, small mammals frequent the wall 
base more frequently than the open spaces, because there they find shelter from predation as 
vegetation at the wall base is usually higher than in the rest of an old field. An indicator for this fact is 
that in an experiment where acorns were lain on the soil surface in different microsites of a terrace 
(Rühl, unpubl data), acorn predation by small mammals was higher at the wall base than in other 
microsites of the field.  
Other than an increased shelter from predation, the reason for a higher presence of small mammals at 
wall bases may be that actually these animals have been observed to live in the spaces between the 
stones of the terrace wall (pers. observ.). As it has already been said, the herbivorous mammals present 
on Pantelleria Island are Apodemus sylvaticus, Mus domesticus, Rattus rattus and Oryctolagus 

cuniculus (Sarà, 1998). Even if rabbits and rats were the only ones directly observed in the terraces, 
also mice species are present in the terraces since mice faeces were found. The presence of Mus 

domesticus can be affirmed, since nests embedded by soft plant materials which are characteristic for 
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this rodent (Sarà, 1998) were found in terraces (pers. observ.). For Apodemus, Mus and Rattus it is 
known that they may live in rock accumulations (and thus in the terrace wall cavity) and that they eat, 
fruits, seeds and stems. Thus, as it is also valid for rabbits, these species are fleshy-fruit dispersers 
through their faeces, but also seedling predators. Besides, Apodemus and Mus also hoard seeds in 
caches (http://animaldiversity.ummz.umich.edu/site/accounts/information). 
Passing to active facilitation at wall bases, it has been measured that temperature is lower and soil 
moisture is higher at wall bases than in the open field. Thus, germination and survival of woody species 
are enhanced by terraces walls (Petrocelli et al., 2003). This is valid for both expositions, even if North-
facing wall reduce temperatures even more than South-facing ones because for part of the day the wall 
base is completely shaded by the wall. However, the positive active facilitation effects by resource 
modification might be reduced by an elevated herbivory damage caused by small rodents, affecting 
seed survival as well as seedling survival. 
South-facing wall bases are not safe sites for woody species, neither under low nor under high seed 
rain. One might think that since at North-facing wall bases microclimatic conditions are less harsh than 
at South-facing wall bases, abiotic factors may be responsible for this fact. However, this observation 
cannot be explained by active facilitation processes since on South-facing slopes microclimatic 
conditions at wall bases are less harsh than under vine plants (cfr. paragraph 5.3.4), but vine plants 
result as safe sites on South-facing slopes while wall bases do not. So, biotic factors must explain why 
the Southern wall bases do not act as safe sites. There are two valid explanations which may also be 
considered together: 1) at the wall bases there is a higher predation rate of seeds and seedlings than 
under vine plants, 2) at the wall base seed arrival is lower than under vine plant. The reasons for point 1 
and 2 have already been explained before. 
 
One last observation may be made on the safe site argument. Following Schupp & Fuentes (1995), 
limitation of adult recruitment can be a) safe site-limited or b) dispersal-limited. They describe the first 
case in the following way: “dispersal saturates available safe sites so recruitment within a patch type is 

limited by the abundance of safe sites in that patch; the number of recruits is unchanged by an increase 

in seed arrival”, while regarding to the latter case they say “dispersal does not saturate available safe 

sites so recruitment in a patch type is at least partially limited by seed arrival in that patch type; an 

increase in seed arrival can lead to an increase in recruitment.” From the results of the present study, 
for terraced old fields on Pantelleria Island it can be affirmed that adult recruitment, and thus the pace of 
secondary succession, is dispersal-limited since the safe sites in a terraced old field in most cases are 
not saturated as not under all vine plants and not along the whole length of the terrace wall woody 
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species were found. Nevertheless, even if succession pace is dispersal-limited, most seeds are 
transported by dispersers to microhabitats favourable for germination and survival. If seeds were 
dispersed to unfavourable microsites, succession pace would be lower (cfr. Duncan & Chapman, 2002). 
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5. PART III 
 

5.1 Introduction 
 
In the previous chapter, the importance of the „safe site effect“ for old field colonization performed by 
woody species was confirmed (cfr. paragraph 4.4.2). The results showed that the presence of safe sites 
increase woody species individuals number. The present chapter wants to go a step further in the 
analysis of the safe site effect by studying the dynamics of seed germination and seedling establishment 
of one selected woody species (Quercus ilex L.) within different microsites of an old field. While in the 
previous chapter only vine plants and the terrace wall bases have been studied as potential safe sites, 
this more detailed analysis takes into consideration other two types of microsites which can potentially 
be regarded as safe sites: 1) the area under the canopy of isolated shrubs which have already colonized 
an old field and 2) the area between small rock accumulations which can occur in terraced fields. Similar 
to vine plants and wall bases, also these sites may be subject to reduced drought and heat stress due 
to higher water availability and/or shading and, thus, increase seedling survival probability. 
In order to know which safe site may be the most effective one in enhancing woody colonization, 
Quercus ilex acorns were buried in all the above listed microsites, and seedling emergence, 
establishment and growth were compared. Quercus ilex was chosen because it is one of the dominating 
species in the oldest succession stages on Pantelleria (Rühl, 2003; Rühl et al., 2006). 
In order to interpret seedling emergence and establishment data, it is important to know that Quercus 

ilex recruitment is better in the wettest, coolest and shadiest habitats, while there is no good recruitment 
in habitats wich are exposed to full sunlight or to high temperatures (Gomèz, 2004). So, environmental 
parameters like air temperature and humidity, soil temperature and moisture, evapotranspiration and 
insolation values could indicate the potential of a microsite to be a safe site for Quercus ilex. Two of 
these parameters were measured with high precision in the different safe sites: a) air temperature and 
b) air humidity. 
 
So, the questions which should be answered by the third data block of the present study are: 

1) Are there differences in seedling emergence and survival between the safe site types? 
2) Are there differences in seedling size and leaf number linked to safe site type, and do these two 

parameters influence seedling survival? 
3) Can the recorded environmental factors explain these differences? 
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5.2 Materials and Methods 
 
5.2.1 Acorn burial and seedling checking 
The acorn experiment started in November 2004 and ended in September 2006. It was carried out in old 
fields on Pantelleria Island (cfr. paragraph 3.2 for a general description of the island). A preliminary 
experiment (November 2004) was made to asses if the acorns should be simply lain on the soil surface 
or if they should be buried in the soil. 
 
5.2.1.1 The preliminary experiment (acorn predation) 
In natural conditions, mature acorns fall down from the mother Quercus ilex tree and may, then, 
germinate. If animals are present, especially rodents (on Pantelleria namely Apodemus sylvaticus and 

Mus domesticus), acorns may be eaten directly under the Oak’s canopy or they may be moved away 
and hoarded in caches where they are placed by the animals and eaten later. Only in case that some of 
these dislocated acorns are “forgotten” by the animals, the acorns can germinate at a certain distance 
from the mother tree. It is known that rodents transport acorns to a maximum of 60 m, but mainly up to a 
30 m-distance from source plants (Murray, 1986; Cavalli et al., 2000). The European Jay (Garrulus 

glandarius), which in Sicily and in other Mediterranean regions plays an even more important role as 
disperser of Quercus ilex acorns, is not present on Pantelleria Island. 
Since it could be expected that rodents would eat or at least move away acorns lying on the soil surface 
in old fields, it had to be decided if it was to prefer to bury the acorns or not. Thus, for a preliminary 
experiment, on 11 November 2004 were collected 75 mature, fallen acorns under Quercus ilex trees. 
These were then lain on the soil surface in three different microhabitats in old fields: 1) under vine 
plants, 2) at the wall bases and 3) in the open spaces. In order to recognize the acorns, an about 2x2 
mm-sized white point was made on the acorns using whiteout. After two weeks was checked if the 
acorns had been eaten or moved away. 
The results of this preliminary experiment showed that for every microhabitat a predation rate of acorns 
superior to 20%. In most cases, predation rate was >50%, with the highest predation rate present at the 
wall base. Thus, it was decided that, in order to have some significant results, in the following acorn 
experiment the acorns had to be buried. Apart from a reduction of the predation rate, burial of Quercus 

ilex acorns increases also their germination probability (Borchert et al., 1989; Sondergaard, 1991; 
Herrera, 1995; Frost, 1997; Broncano et al., 1998; Gomèz, 2004). 
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5.2.1.2 The acorn experiment 
On 30 of November 2004, about 1,500 mature, fallen acorns were collected under Quercus ilex trees. 
Half of them were collected on North-facing slopes and the other half on South-facing slopes. In total, 
acorns were taken from twenty different mother tress. As acorn size may influence seedling biomass 
and, thus, would be a source of variance for seedling survival (Leiva & Fernández-Alés, 1998), only 
medium-sized acorns were collected (between 2-3 cm long; Fig. 5.1). Subsequently, from alll collected 
acorns only those ones were selected which did not show parasite attack by fungi or insects (Fig. 5.2). 

 
Fig. 5.1. Quercus ilex acorns vary in their size. For the 
experiment were chosen only those acorns which 
measured 2-3 cm length. 

 
 
 
 
 
 
 
 

Fig. 5.2. Among all collected acorns only those 
were chosen for burial which were not attacked 

by parasites, as the acorn in the photo which has 
been host to an insect’s larvae. 

 
 
 
 
 
 
 
 
The acorns were then buried in five different microsites in North- and South-facing old fields, which had 
been abandoned less than 20 years ago. The microsites are (Fig. 5.3, 5.4 and 5.5): 

1) under the branches and leaves of a former vine crop plant in a man-made soil depression 
(vine); 

2 cm 
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2) at the wall base (wb); 
3) under the canopy of an isolated shrub (shrub); 
4) between a small accumulation of rocks (rock) and 
5) in the open spaces (i.e. outside of any of the previously named microsites) (OSSS). 

 
 
 
 
 
 
 
 
 
 
 
Fig. 5.3. Scheme of the different microsites and potential safe site types present in an old field. Vine = Former crop plant 
vine, Wb = Base of the terrace wall; Rock = Accumulation of small rocks; Shrub = isolated shrubs; OSSS = outside of any of 
the formerly cited potential safe sites. 
 
 

Fig. 5.4. 
Photographic 
examples of three 
microsites: Vine = 
Former crop plant 
vine, Wb = Base of 
the terrace wall; 
OSSS = outside of 
any of the formerly 
cited potential safe 
sites. 

 
 
 
 

OSSS 

Wb 

Vine
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Fig. 5.5. Photographic examples of two 
microsites: Rock = Accumulation of small rocks; 

Shrub = isolated shrub. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In every microsite four acorns were horizontally buried at 5 cm depth (cfr. Gomèz, 2004), at a distance 
of about 10 cm between each other. This was repeated five times in one terraced old field. Six terraced 
old fields were chosen on a North-facing slope (Contrada Serraglio) and other six ones on a South-
facing slope (Monte Gibele). Thus, for every microsite and exposition there were 30 replications (5 
planting sites in one terraces x 6 terraces) and 120 acorns (four acorns per planting site). The only 
exception were the shrub-microsites, which were made only in 3 (and not in 6) terraces, having thus 
only 15 replications per exposition. 
Acorns collected on North-facing slopes were buried in the North-facing terraces and acorns collected 
on South-facing slopes were buried in the South-facing terraces. 
The whole acorn collection and burial process was done wearing plastic handgloves as it has been 
shown by other studies that human scent can attract acorn predators (Duncan et al., 2002). 
 
After acorn burial, the first check for seedling emergence was done on 16 March 2005, and then every 
20 days up to August 2005. All acorns with shoots growing beyond ground surface were considered to 

Rock 

Shrub
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have emerged (cfr. Gómez, 2004). For every present seedling, height and number of leaves were 
recorded. 
From September 2005 to September 2006, a monthly check was performed on seedling emergence, 
seedling survival, seedling height and seedling number of leaves. 
 
5.2.2 Measurement of environmental factors 
As it has already been said, the only factors that could be measured with adequate precision were 1) air 
temperature and 2) relative air humidity. These measurements were through 20 dataloggers, which 
were set in the five different microsites where acorns had been placed. Ten dataloggers were put in 
North-facing terraces and ten dataloggers in South-facing ones, resulting in two data series for every 
microsite and exposition. The dataloggers were: 1) 10 HOBO H8 Pro Serie loggers (Type H08-032-08), 
2) 6 loggers Lutron DL 9601 loggers with HT 3005 sensors and 3) 4 Tiny Tag GEMINI loggers. 
The loggers were put in the microsites for three days in April and July of 2006, respectively. Every ten 
minutes, they registered temperature (T) in oC and relative humudity (rH) in %. The sensors were put 
about 4 cm above soil surface. 
Loggers under vine plants and under shrubs were placed under the portion of the canopy between the 
(main) stem and the terrace wall (Fig. 5.6 and 5.7). Dataloggers in the “wall base” microsite were placed 
directly at the wall base (Fig. 5.8). 

 
Fig. 5.6. Temperature and relative 
humidity measurement in April 
under a vine plant. It is important to 
bear in mind that during the period 
of acorn germination vine plants 
leaves just start to develop, so that 
at the beginning of April, when this 
photo has been taken, the vine 
plant still does not create much 
shade in the microsite. 
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Fig. 5.7. In the “shrub” microsite, temperature und relative 
humidity measurement was done with the datalogger placed 
between the shrub’s main stem and the terrace wall. As a 
consequence, on Northern slopes, during the morning hours 
the sensors are shaded like in this photo, taken at 9:30 a.m. 

 
 
 
 
 
 
 
 
 
 
 

Fig. 5.8. Position of the dataloggers in the “wall base” microsite. 
On Northern slopes, wall bases are shaded by the terrace wall 
from the morning hours up to about 15:00; this photo was taken 
at 9:30. 
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5.2.3 Data evaluation 
 
5.2.3.1 Seedling characterization 
In order to know if the different microsites favour or do not favour old field colonization by Quercus ilex, 
seedling emergence and survival rates per planting site (= 4 acorns) were calculated and compared. In 
addition, an analysis on the causes of mortality and the resprouting potential of the seedlings was done. 
Moreover, the survival rate of early-emerged seedlings (April) was compared to the survival rate of later-
emerged seedlings (May), since one could expect that earlier germinated seedlings have more time to 
develop deep roots which reach summer-humid soil layers (Fowler, 1988). A rapid growth of the aerial 
part of the seedling can also be expected to be survival enhancing as temperature and humidity 
fluctuations directly above the soil surface are very high (Bazzaz, 1979). 
 
As a second step, since it can be hypothesised that growth in height and leaf number depend upon 
microclimatic factors, these two parameters were compared between expositions and safe site types. 
These evaluations were done separately for “resprouted” and for “non-resprouted” seedlings. The term 
“resprouting” describes the re-emergence of a shoot after the total removal (i.e. predation) or drying up 
of the aerial part of the seedling.  
 
All comparisons were done by Kruskal-Wallis One Way ANOVA on Ranks and by Mann-Whitney Rank 
Sum test. In ANOVA, pairwise comparison was done by Dunn’s test with an overall P < 0.05. Where 
normality and equal variance test passed, One Way ANOVA was computed and pairwise comparison 
was done using the Holm-Sidak method (overall P < 0.05) 
ANOVA was used to compare the five different safe site types to each other, while the Rank Sum test 
was used to confront 1) the same safe site type of the two different expositions and 2) each of the 
potential safe sites vine, wb, rock and shrub to the OSSS microsite. 
 
 
5.2.3.2 Correlation with environmental factors 
In order to see if the recorded abiotic parameters explain the differences in seedling emergence, 
survival, height and number of leaves between different safe site types and expositions, two different 
approaches were used.  
In the first one, the T- and rH-values which had been measured every 10 min. were plotted and the 
resulting curves were compared to check for differences in 1) values increase/decrease rate during the 
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morning hours, 2) maximum/minimum values during the day, 3) values decrease/increase rate during 
the afternoon and evening hours. In this way, every safe site type was characterized in terms of daily 
temperature and relative humidity fluctuations. 
 
In a second approach, the 10 minute values were summed up in order to create a parameter which 
measures the quantity of heat/drought a seedling had to deal with in a determined period of time. These 
sums were made for four different time periods with the scope to analyse which part of the day mainly 
influences seedlings emergence, survival and growth. The time periods are: 

1) 24 hours (from 0:00 to 0:00), 
2) 12 hours (from 8:00 am to 8:00 pm), 
3) 4 hours (from 10:00 am to 2:00 pm), 
4) 1 hour (from 12:00 am to 1:00 pm). 

The sums were calculated from the 10 minute values of two measurement days for April and July, 
respectively. The resulting values were devided by the factor two to have sums valid for one day. Then, 
the sums of those safe site types which differed significantly in seedling emergence, survival, height and 
number of leaves were compared. 
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5.3 Results 
 
5.3.1 Seedling emergence 
The first seedling emergences were recorded on 9 April 2005: 63 seedlings were counted (Fig. 5.9 and 
5.10). The highest emergence rates were recorded between April and May 2005, reaching a top of 134 
new emergences between 27 April and 17 May (Fig. 5.11). A second “wave” of seedling emergence 
was recorded in September/October 2005, after summer drought with the first rainfalls. 

 
Fig. 5.9. A Quercus ilex seedling that 
emerged beyond soil surface just some days 
ago. In this very young life stage, the stem is 
hairy, and the leaves are not yet 
sclerophyllous and have red borders. 

 
 
 
 
 

 
Fig. 5.10. A few weeks old Quercus ilex 

seedling. After emergence, it performs a quick 
growth in terms of height and a rapid leaf 

number increase. 

 
 
 
 
 
 
 
 

Up to the end of the experiment (September 2006), a total of 530 seedlings emerged, corresponding to 
an emergence rate of 52.4% of all buried acorns. Emergence rates differ with exposition: overall 
emergence rate in North-facing planting sites (N) was 45.0%, while on South-facing ones (S) it was 
59.8%. 
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Fig. 5.11. Percentage of emerged acorns during the period of the experiment (from 16/03/2005 to 14/09/2006). The North-
facing slope is represented by solid and the South-facing one by dashed lines. In the legend the abbreviations mean:  N = 
North, S = South, Vine = under vine plants (nN = 120, nS = 60), Wall base = at the base of the terrace wall (nN = 120, nS = 

120), Rock = between a small rock accumulation (nN = 120, nS = 120), Shrub = under a shrub (nN = 60, nS = 60), OSSS = 
outside-safe-site-surface (nN = 120, nS = 120). 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5.12. Seedling emergence rate (% of all buried acorns) in the five different safe site types. The safe site types are: Vine 
= under vine plants (nN = 120, nS = 60), Wall base = at the base of the terrace wall (nN = 120, nS = 120), Rock = between a 
small rock accumulation (nN = 120, nS = 120), Shrub = under a shrub (nN = 60, nS = 60), OSSS = outside-safe-site-surface 
(nN = 120, nS = 120). 
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Tab. 5.1. Results of the statistical evaluation of seedling emergence, survival and growth data of Quercus ilex, compared 
between the five microsites and between the two expositions. Only the significant differences are listed. “Survival” is survival 
rate of all emerged acorns. Height and leaf numbers are referred to non-resprouted seedlings. Treatment group 
abbreviations are: N = North, S = South, OSSS = open spaces dominated by herbaceous vegetation. Evaluation was made 
by Kruskal-Walis ANOVA (combined with Dunn pairwise comparison with overall P < 0.05) and by Mann-Whitney Rank Sum 
test, and only when normality and equal variance test passed by ANOVA and t-test. 

Seedling trait Source of difference Type of difference Statistical parameters 
EMERGENCE Microsite N vine > N OSSS T = 1,083.5* 
  S vine > S OSSS 
  S vine > S shrub 
  S vine > S rock 

dF = 4, H = 17.0** 

  S wall base > S OSSS T = 1,063.0* 
 Exposition N vine < S vine T = 488.0*** 
  N wall base < S wall base T = 709.0** 

SURVIVAL Microsite N vine > N OSSS T = 1,084.0* 
  N shrub > N OSSS T = 427.0* 
  S vine > S OSSS T = 513.0*** 
  S wall base > S OSSS T = 1,090.0* 
 Exposition N vine < S vine T = 496.0*** 
  N wall base < S wall base T = 698.5*** 

HEIGHT Microsite N vine > N rock 
  N vine > N shrub 
  N vine > N OSSS 

dF = 4, MS = 53.0, F = 5.6*** 

 Exposition N rock < S rock T = 149.5*** 

LEAF NUMBER Microsite N vine > N rock 
  N vine > N wall base 
  N vine > N shrub 

dF = 4, MS = 84.2, F = 4.6** 

 Exposition N rock < S rock t = -2.6* 

* P < 0.05, ** P < 0.01, *** P < 0.001 

 
 
Seedling emergence differed also in function of safe site type (Fig. 5.11 and 5.12). In all safe site types, 
emergence rate was higher in South-facing than in North-facing terraces. However, a significant 
difference between the safe sites of different expositions exists only between the vine plants and 
between the wall bases (Tab. 5.1). In both cases, more seedlings emerged on the S-slope than on the 
N-slope. 
Also within one exposition significant differences between the microsites exist. On the N-slope, more 
seedlings emerged under the vine plants than in the open spaces of the old fields (Fig. 5.13). On the S-
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slope, more seedlings emerged under vine plants and at the wall base than in the open spaces. 
Moreover, there were more seedlings emerged under vine plants than under shrubs and than between 
rock accumulations. 

 
Fig. 5.13. Number of germinated acorns per 
subplot and safe site type (above: North-
facing, below: South-facing). In every subplot 
had been buried four acorns. The 
abbreviations mean: Vine = under vine plants 
(nN = 30, nS = 15), Wall base = at the base of 
the terrace wall (nN = 30, nS = 30), Rock = 
between a small rock accumulation (nN = 30, 
nS = 30), Shrub = under a shrub (nN = 15, nS 
= 15), OSSS = outside-safe-site-surface (nN 
= 30, nS = 30). Treatment groups with 
different letters are statistically different at 
least at P < 0.05 using Mann-Whitney Rank 
Sum test; barred groups did not results 
significantly different from any other group.  

 
 
 
 
 
 
 

 
 
5.3.2 Seedling survival 
Among the 530 seedlings which emerged, at the end of the experiment (14 September 2006) 240 
seedlings were still alive (Fig. 5.14), corresponding to 45.3% of all emerged seedlings and to 23.5% of 
all buried acorns (Fig. 5.15 and 5.16). Survival rate in the two expositions differed from each other (N: 
29.2% and 13.1%, S: 58.9% and 35.2% of all emerged seedlings and all buried acorns, respectively). 
No significant difference in survival was found between early-emerged seedlings (April) and later-
germinated ones (May). 
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Fig. 5.14. Once emerged, the seedlings have to deal with many problems. The main ones are predation by rodents (above), 
which may reduce the seedling only to a bit of its shoot, and heat and drought stress (below), which may lead to their drying 
up. 

 
 
Like seedling emergence, also seedling survival was influenced by safe site type (Fig. 5.17 and 5.19). 
Significantly more seedlings survived under vine plants and under shrubs than in open spaces on the 
North-facing slope, and under vine plants and at the wall bases on the South-facing slope (Tab. 5.1). 
When safe site types of the different expositions are compared, the results are the same as for seedling 
emergence: more seedlings survive under vine plants and at the wall base on S than on N. 
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Fig. 5.15. Number of living seedlings (in terms of percentage from all buried acorns) during the period of the experiment 
(from 16/03/2005 to 14/09/2006). The North-facing slope is represented by solid and the South-facing one by dashed lines. 
In the legend the abbreviations mean:  N = North, S = South, Vine = under vine plants (nN = 120, nS = 60), Wall base = at the 
base of the terrace wall (nN = 120, nS = 120), Rock = between a small rock accumulation (nN = 120, nS = 120), Shrub = under 
a shrub (nN = 60, nS = 60), OSSS = outside-safe-site-surface (nN = 120, nS = 120). 

 
 
 

 
 
 
 

 
Fig. 5.16. Number of living seedlings (in terms of percentage from the germinated acorns) during the period of the 
experiment (from 16/03/2005 to 14/09/2006). The North-facing slope is represented by solid and the South-facing one by 
dashed lines. In the legend the abbreviations mean:  N = North, S = South, Vine = under vine plants (nN = 68, nS = 55), Wall 
base = at the base of the terrace wall (nN = 51, nS = 84), Rock = between a small rock accumulation (nN = 58, nS = 62), Shrub 
= under a shrub (nN = 25, nS = 28), OSSS = outside-safe-site-surface (nN = 41, nS = 58). 
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Fig. 5.17. Seedling survival rate (above: % of 
all buried acorns; below: % of all emerged 
acorns) in the five different safe site types. 
The safe site types are: Vine = under vine 
plants, Wall = at the base of the terrace wall, 
Rock = between a small rock accumulation, 
Shrub = under a shrub, OSSS = outside-safe-
site-surface. N are like in Fig. 5.15 and 5.16, 
respectively. 

 
 
 
 
 
 
 
 
 
 
 

 

Fig. 5.18. Under the shading cover of the vine plants (left), more 
seedlings survived to summer drought than in other safe sites, as for 
example in OSSS (right). 
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Fig. 5.19. Number of survived seedlings per 
subplot and safe site type (above: North-
facing, below: South-facing). In every subplot 
had been buried four acorns. The safe site 
types are: Vine = under vine plants (nN = 30, 
nS = 15), Wall base = at the base of the 
terrace wall (nN = 30, nS = 30), Rock = 
between a small rock accumulation (nN = 30, 
nS = 30), Shrub = under a shrub (nN = 15, nS 
= 15), OSSS = outside-safe-site-surface (nN 
= 30, nS = 30). Treatment groups with 
different letters are statistically different at 
least at P < 0.05 using Mann-Whitney Rank 
Sum test; barred groups did not results 
significantly different from any other group. 

 
 
 
 
 
 
 
 

 
Once emerged, seedlings died for two reasons: 1) drying out during the summer period and 2) predation 
by small mammals (the excrements of mice, rats and rabbits were found in the very planting sites). 
Except for the shrub-safe site, the drying up of seedlings is the main cause of mortality (Fig. 5.18 and 
5.20, Tab. 5.2). This was a more or less slow process in which the plant dried out leaf after leaf.  
 
Tab. 5.2. Causes of seedling mortality (total numbers) in the different safe site types. 

 Dried out 
 

Predation Total 

 N S N S N S 
Vine 34 8 8 7 42 15 

Wall base 28 19 9 12 37 31 
Rock 34 23 6 7 40 30 
Shrub 6 1 10 4 16 5 
OSSS 30 34 7 3 37 37 
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Quercus ilex seedlings seem to be an interesting food source for rodents only when they are very young 
and the leaves are still tender. In fact, the predation rate is high from April to June, then decreases 
rapidly. 

 
Fig. 5.20. Causes of seedling mortality (%) per safe 
site type (above: North-facing, below: South-facing). 
The safe site types are: Vine = under vine plants (nN = 
68, nS = 55), Wall base = at the base of the terrace wall 
(nN = 51, nS = 84), Rock = between a small rock 
accumulation (nN = 58, nS = 62), Shrub = under a shrub 
(nN = 25, nS = 28), OSSS = outside-safe-site-surface 
(nN = 41, nS = 58). 

 
 

 
 
 

 
 
 
 
 
 

 
Nevertheless, the predation of a seedling or its drying up does not mean automatically its death, 
because even only few months old Quercus ilex seedlings are able to resprout (Fig. 5.21). In the 
present study, resprouting was defined as the re-emergence of a shoot after the complete removal or 
drying up of the aerial part of the plant. Thus, the partial reduction of seedling biomass by browsing or 
partial dry up was not considered as resprouting. 
Part of the seedlings which had been removed by predation resprouted already during summer (Fig. 
5.22), but the large part of resprouting events was recorded in September/ October 2005 with the first 
rainfalls after summer drought. However, the majority of surviving seedlings were those ones which had 
always a living aerial part and not the resprouted ones. 
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Usually, resprouting resulted in the formation of not only one, but two or three shoots. These had for the 
first months about the same size and leaf numbers, and only then one shoot surpassed the other ones 
in terms of growth. 

Fig. 5.21. Quercus ilex seedlings are able to resprout even if they are only some weeks old when the aerial part of the plant 
was destroyed. Resprouting is possible in case of browsing (left), but also in case of drying up and it mainly occurs after the 
first rainfalls after summer drought (right). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5.22. Number of “resprouted” and “non-resprouted” living seedlings (in terms of percentage from germinated acorns) 
during the period of the experiment (from 16/03/2005 to 14/09/2006). n = 1,020. N = North-facing slope, S = South-facing 
slope. 
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5.3.3 Seedling’s height and number of leaves 
A Quercus ilex seedling passes several stages within the first weeks of its lifetime. The first stage is 
germination and shoot growth under the soil surface. During the second stage, the seedling emerges 
beyond soil surface and till it is 0.5-1.5 cm high it has still coiled up leaves. Probably, these first two 
stages end within max. 1-2 weeks. 
The third stage is characterized by rapid shoot growth in height and the rapid development of new 
leaves (Fig. 5.23). In this way, after other 1-2 weeks, the seedlings measure 2-10 cm (depending on 
their growing conditions) in height and have 5-9 leaves about 2-4 cm long. When the seedlings grow in 
shaded conditions, higher and leaf-poorer individuals were recorded. 

 

Fig. 5.23. Within the first weeks of their 
lifetime, seedlings show a rapid growth in 
terms of height and number of leaves 
(photo taken on 17 May 2005). 

 
 
 
 
 
 
 
 

 
In the fourth life stage, height growth slows down. The leaves reach about 6 cm length and 3 cm width 
and change colour from light green into dark green. In this stage the seedlings were observed to be 
between 9 and 13 cm high. 
Most seedlings arrived at this stage before the first summer drought arrived (summer 2005). At this 
point, height growth and leaf development completely stopped. After summer drought, in September 
some seedlings, but not all, increased their height and leaf numbers, followed by months of growth stop. 
The next strong increase in growth and leaf number occurred during spring 2006, when seedlings 
gained even up to 7 cm of height within 4 weeks. However, height increase was very heterogeneous, 
with many seedlings growing about 2-4 cm in height, but also many not growing at all. As a result, at the 
end of the experiment (September 2006), there were seedlings measuring 24 cm, but also seedlings 
measuring only 5 cm. Leaf numbers are even more uneven. 
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Apart from these “undisturbed” seedlings, there were those ones which had been shortened by 
browsing or which had resprouted after drying up. In this case, since resprouted and browsed seedlings 
often regrew with two or three shoots, they often remained low carrying small leaves. Only after some 
time, one shoot gains importance over the others. 
In the following paragraphs, differences in seedlings’ height and leaf numbers between the five safe site 
types are analysed. 

 
Fig. 5.24. Seedling height in the different safe site types on the North-facing (N) and the South-facing (S) slope. NR = Non-
resprouted, R = Resprouted, Vine = under vine plants (non-respouted: nN = 21, nS = 31, resprouted: nN = 5, nS = 9), Wb = at 
the base of the terrace wall (non-respouted: nN = 9, nS = 42, resprouted: nN = 5, nS = 10), Rock = between a small rock 
accumulation (non-respouted: nN = 13, nS = 27, resprouted: nN = 5, nS = 5), Shrub = under a shrub (non-respouted: nN = 5, nS 
= 16, resprouted: nN = 4, nS = 7), OSSS = outside-safe-site-surface (non-respouted: nN = 2, nS = 15, resprouted: nN = 2, nS = 
6). With Mann-Whitney rank sum test, no significant differences resulted between the treatment groups. 

 

N, NR 
S, NR 

N, R S, R 



  5. Part III 

 149

5.3.3.1 Height 
Statistical analyses showed that the height of the seedlings in most cases does not differ between the 
safe site types (Fig. 5.24). The only significant differences are found in the North exposition, where the 
seedlings growing under the vine plants are higher than in all other safe site types except for those ones 
growing at the wall base (Tab. 5.1). However, this is valid only for the “non-resprouted” seedlings, while 
for the resprouted seedlings the differences between the safe site types were not significant. 
When the two expositions are compared, the only significant difference results for the “non-resprouted” 
seedlings planted within a small rock accumulation on S, which are taller than those ones growing in the 
“rock” safe site on N.  
 

 
Fig. 5.25. Number of seedling leaves in the different safe site types on the North-facing (N) and the South-facing (S) slope. 
NR = Non-resprouted, R = Resprouted, Vine = under vine plants (non-respouted: nN = 21, nS = 31, resprouted: nN = 5, nS = 
9), Wb = at the base of the terrace wall (non-respouted: nN = 9, nS = 42, resprouted: nN = 5, nS = 10), Rock = between a small 
rock accumulation (non-respouted: nN = 13, nS = 27, resprouted: nN = 5, nS = 5), Shrub = under a shrub (non-respouted: nN = 
5, nS = 16, resprouted: nN = 4, nS = 7), OSSS = outside-safe-site-surface (non-respouted: nN = 2, nS = 15, resprouted: nN = 2, 
nS = 6). With Mann-Whitney rank sum test, no significant differences resulted between the treatment groups. 

N, NR S, NR 

N, R S, R 
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5.3.3.2 Leaves 
For the resprouted seedlings, no significant differences result between the safe site types nor between 
the two expositions (Fig. 5.25). For the “non-resprouted” seedlings, however, the differences are similar 
to those ones observed for the parameter “height”: on the North-slope, there are more leaves present on 
seedlings which grow under vine plants than on seedlings growing in the other safe site types, except 
for OSSS. Comparing the two expositions, the result is the same as for height: the seedlings growing in 
“rock” have more leaves on S than on N. 
 
 
5.3.4 Correlation with environmental factors 
Relative air humidity was found to be strongly negatively correlated with air temperature. So, in the 
following text, in order to simplify data description only the temperature curves are described and it has 
to be borne in mind that an increase of T almost always means also a decrease in rH. 
As it was shown in the previous paragraphs, seedling emergence and survival differ between the safe 
site types and expositions (cfr. paragraph 5.3.1 and 5.3.2). In order to have a first idea if T had an 
influence on the seedling emergence rates, in the following text the April temperature curves are 
described, because many seedlings emerged in April. Then, the T-curves of July are described in 
relation to seedling survival rates, since it can be assumed that the severe drought and heat conditions 
in July are a limiting factor for survival. 
 
5.3.4.1 Temperature comparison between the two expositions in April 
In April, comparing T between both expositions in the open field (=OSSS, Fig. 5.28) interestingly there 
are higher maximum temperatures from about 10:00 to 15:00 on the North-facing slope than on the 
South-facing slope. Moreover, T increase during the morning hours is more rapid on N.  
The same occurs under vine plants (Fig. 5.26): maximum temperatures are higher on N than on S. 
However, T increase during the morning does not differ between N and S. On S, under vine plants more 
emerged seedlings were found than on N. 
Also at the wall bases (Fig. 5.26), more seedlings emerged on S than on N. On N, the temperatures do 
never exceed 15 oC, not even in the afternoon hours, when at about 15:30 the sun arrives directly 
reaches the wall base. Before 15:30, the wall base is completely shaded by the wall. On the contrary, on 
S maximum T are registered between 13:30 and 16:00. The S-wall bases are exposed almost the whole 
day to full sunlight.  
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Within small rock accumulations (Fig. 5.27), T curves are almost the same between the two expositions, 
but the maximum T on N are higher than on S. Under isolated shrubs (Fig. 5.27), on N T are higher 
during the afternoon hours than around midday because it is only from about 15:00 onwards that the 
sunlight directly reaches the Southern part of the canopy, where the sensors were placed. 
 
5.3.4.2 Temperature comparison between the safe site types in April 
The results showed that seedling emergence was significantly higher under vine plants and at the wall 
base than in other safe site types (cfr. paragraph 5.3.1).  
On N, emergence was more frequent than in the OSSS. If one compares the T curves of these two safe 
site types (Fig. 5.26 and 5.28), it is clear that under vine plants T increases slower during the morning 
hours and maximum T are much lower than in the open spaces. The curves are similar in their peak, 
which was registered around 13:00, and also T decrease in the afternoon is similar. 
On S, in “vine” more seedlings emerged than in OSSS, “shrub” and “rock”. When the T curves of “vine” 
and OSSS are compared (Fig. 5.26 and 5.28), under vine plants maximum T are lower, T increase in 
the morning hours is more rapid up to 10:00 and T decrease in the afternoon hours is more rapid than in 
OSSS. 
Confronting “vine” with “shrub”, under vine plants T increase in the morning hours is more rapid until 
11:00 and T decrease is more rapid in the afternoon hours, while maximum T are similar (Fig. 5.26 and 
5.27). Under shrubs, there is a strong T decrease after 13:00, but then a second peak in the afternoon 
hours. 
Also when “vine” is compared to “rock” (Fig. 5.26 and 5.27), T increase in the morning hours results to 
be more rapid in the morning hours and T decrease in the afternoon is much more rapid than in “rock”. 
Maximum T are lower in “vine” than in “rock”. 
In addition, on S also at the wall bases more seedlings emerged than in OSSS. As the T curves show 
(Fig. 5.26 and 5.28), at the wall base T increase in the morning hours is slower and maximum T are 
lower than in OSSS. T decrease in the afternoon is similar. 
 
5.3.4.3 Temperature comparison between the two expositions in July 
In July, the temperature curves show even better the differences between the five safe site types and 
the expositions. In OSSS, the highest T have been registered in both expositions around 12:30 (Fig. 
5.28). Later, on N temperature remains above 45 oC for the next three hours, while on S there is a 
stronger T reduction so that already the early afternoon is characterized by temperatures < 45 oC. 
Moreover, T increase during the morning hours is more rapid on N than on S. 



  5. Part III 

 152

Under vine plants, the two expositions differ in maximum temperatures, which are higher on N than on S 
(Fig. 5.29). In contrast, T increase during the morning and T decrease in the afternoon are similar on N 
and S. 
Contrarily to April, in July the North-facing wall base shows a peak in T as soon as sunlight in the 
afternoon directly arrives when the wall does not provide shade any more (Fig. 5.29). On S, from 11:30 
to 17:30 temperatures are above 35 oC, with one peak being recorded at 12:30 and another one at 
15:30 to 16:30. As in the “vine” safe site, also at the wall bases seedling survival was higher on S than 
on N. 
In the “rock” safe sites, T curves are very similar in the two expositions, with maximum T around 12:00/ 
12:30 (Fig. 5.30). 
As in April, also in July under shrubs on N maximum T is found after 15:00, i.e. exactly when the 
datalogger is not any more under the shading canopy because the sun has moved around the horizon 
(Fig. 5.30). On S, there are (also here as in April) two T peaks, one from 12:00 to 13:00 and the second 
around 16:00.  
 
5.3.4.4 Temperature comparison between the safe site types in July 
When the five safe site types were compared in their seedling survival rate, it was shown that more 
seedlings survived under vine plants, shrubs and at the wall base than in OSSS (cfr. paragraph 5.3.2). 
More in detail, on the North-facing slope survival was higher in “vine” than in OSSS. If the T curves of 
these two microsites are compared, T increase in the morning hours is slower in “vine”, there are lower 
maximum T and there is an earlier T descrease in the afternoon than in OSSS (Fig. 5.28 and 5.29). 
Survival rate was also higher under shrubs than in OSSS. After the wall bases, on the North-facing 
slope the “shrub” safe site is the one with the slowest T increase during the morning hours (Fig. 5.28 
and 5.30). Maximum temperatures are much lower in “shrub” than in OSSS. 
On the South-facing slope, survival rate was higher in “vine” than in OSSS. Under the vine plants from 
8:00 to 9:00 there is a more rapid T increase than in OSSS but then it slows down, so that maximum T 
are much lower in “vine” than in OSSS (Fig. 5.28 and 5.29). Also T decrease in the afternoon hours 
occurs earlier than in OSSS. 
Also at the wall bases, on S more seedlings survived than in OSSS. At the wall bases, maximum T are 
much lower than in OSSS, which is interesting if one thinks that sunlight, as in OSSS, directly reaches 
the wall bases all day long (Fig. 5.28 and 5.29). Moreover, at wall bases T increase in the morning 
hours is slower than in OSSS. 
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5.3.4.5 Temperature and relative air humidity sums 
Temperature and relative air humidity sums were not able to explain the differences in seedling 
emergence, survival and growth between all safe site types, but only between part of them. As a whole, 
12 h-, 4 h- and 1 h-sums performed better than 24 h-sums in explaining the differences between the 
safe site types. Thus, the night has a mitigating effect on T and rH-differences between different 
microsites in an old field. 
More in detail, when all measured months are analysed together, the elevated seedling emergence and 
survival that was found in “vine” on N and on S and at the wall base on S in confront with OSSS is well 
explained by the temperature sums, which are lower in the respective safe sites (Fig. 5.31). In addition, 
differences in survival between „shrub“ and OSSS on N are well explained by T sums. In contrast, other 
elevated seedling emergences and survival were not only not explained by T sums, but T sums would 
indicate the opposite situation: T sums are much higher at terrace wall bases on S than on N, but 
seedling emergence and survival is higher on S than on N. Similarly, on S the temperature sums under 
“shrubs” are lower than under “vine” plants, but seedling emergence and survival were higher under 
vine plants. 
There is still another fact which has to be underlined: many differences in T sums are present between 
the safe site types, but not all of them result in different performances of emergence and survival. For 
example, North-facing wall bases show always much lower T sums than “vine” on N, but between these 
two safe sites there has not been registered a significant difference in seedling emergence nor in 
survival.  
 
So, as an overall conclusion it can be said that most likely temperature (and correlated to that relative 
air humidity) play a role for Quercus ilex seedling emergence and survival, but it is not the decisive one. 
It seems that in some safe site types, like the wall base and the shrubs, the effects of T and rH are 
outdone by other, more important factors. A factor of major importance is probably soil moisture, as 
Quercus ilex is sensitive to water-stress in its establishment phase (Lookingbill & Zavala, 2000). In this 
context, also the surrounding vegetation may be important in terms of competition for water resources. 
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Fig. 5.31. Sums of temperature (oC) values recorded every 10 minutes in April (left) and July (right) in the five different safe 
site types. The values were summed up for a period a) of 24 hours (from 0:00 to 0:00; above), b) of 12 hours (from 8:00 am 
to 8:00 pm; center), c) of 4 hours (from 10:00 am to 2:00 pm; below) and d) of 1 hour (from 12:00 am to 1:00 pm; next page). 
N = North-facing slope, S = South-facing slope; Vine = under vine plants, Wb = at the base of the terrace wall, Rock = 
between a small rock accumulation, Shrub = under a shrub, OSSS = outside-safe-site-surface. 
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Fig. 5.31. (cont.) 
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5.4 Discussion and Conclusions 
 
Summarizing the results of the Quercus ilex acorns experiment, the main observations were: 

1) Emergence was higher when acorns were buried under vine plants and at the wall base than in 
other microsites of the old fields. On the South-facing slope, emergence rates in these 
microsites were higher than on the North-facing slope. 

2) Survival was higher under vine plants and at the wall base than in the open spaces of the old 
fields. Again, the South-facing slope was more favourable than the North-facing slope. 

3) Height and number of leaves of the seedlings were higher under the vine plants than in other 
microsites (only on the North-facing slope). Between rock accumulations, seedlings were higher 
and had more leaves on S than on N. 

4) Temperature and relative air humidity do play a role for Quercus ilex seedling emergence 
and survival, but they are not the crucial, or at least not the only factors since they do not 
unambiguously explain the differences in emergence and survival between the safe site types 
and expositions. 

 
To understand these results, one has to take a look on what the existing literature tells about the factors 
which influence the different life stages (seed, seedling, sapling) of Quercus ilex. The most important 
steps are seed vitality, seed germination and seedling survival. 
Seed vitality is mainly influenced by environmental conditions and seed predation. If the acorn is 
exposed to elevated temperatures in full sunlight, it can desiccate or be overheated and, thus, loose its 
vitality (Borchert et al., 1989). 
Seed predation by mice and rabbits significantly lowers the acorns performance (Herrera, 1995; Santos 
& Tellería, 1997; Leiva & Fernández-Alés, 2003). Nevertheless, a certain percentage of predated acorns 
are still able to germinate because mice may only gnaw on the endosperm but not on the embryo (Frost, 
1997). Apart from rodents, seed vitality is reduced by fungi which attack the acorn once it falls down 
from the mother plant (Frost, 1997; Schafer & Kotanen, 2003), but also by insect larvae of (often of 
Curculionidae; Branco et al., 2002). 
Acorn germination is known to occur after some months of stratification (Piotto & Noi, 2001), even if 
this must not be interpreted as a breaking of dormancy but as a stategy to delay germination towards 
the spring months (Piotto & Noi, 2001). In fact, dormancy is nearly absent in Mediterranean oaks (Piotto 
& Noi, 2001). To germinate, a Holm Oak acorn needs a) moderate to low radiation levels and b) 
moderate to high soil moisture (Broncano et al., 1998; Lookingbill & Zavala, 2000). 
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After germination, the seedling is exposed to many risks. The seedling survival rate is affected by a) 
light and moisture conditions of its surrounding environment (Borchert et al., 1989; Broncano et al., 
1998; Lookingbill & Zavala, 2000; Tonioli & Speranza, 2003; cfr. also De Steven, 1991 and Inouye et al., 
1994) and b) by herbivorous animals. Under Mediterranean climatic conditions, the wetter, cooler and 
shadier is the microsite, the higher is the probability of seedling survival (Gomèz, 2004). Active 
facilitation and competition by the surrounding vegetation can influence this probability (cfr. paragraph 
4.4.2).  
The main seedling predators are rodents and rabbits, but also subterranean insects influence seedlings 
performance by damaging their roots. 
 
So, differences in Quercus ilex recruitment between different microsites of an old field depend mainly on 
the mosaic of microclimatic conditions and on the seed and seedling predator’s habits. 
In fact, an abandoned terrace can be regarded as a small-scaled mosaic of different climatic conditions. 
The temperature and air humidity curves from the present study showed that at the wall base, under 
vine plants and under isolated shrubs environmental conditions are milder than in open spaces. This 
holds true for the most important period for germination (spring) as well as during the drought period 
(summer). Reduced temperatures and higher air humidity are caused by lower insolation values due to 
the shaded conditions under the canopies or next to the terrace walls. So, in these three microsites 
germination and survival is enhanced. In July, also rock accumulations are characterized by lower 
temperature sums than the open spaces. 
However, since apart from light and temperature conditions, soil moisture is very important in the young 
life stages of Quercus ilex, one should analyse also the mosaic of soil moisture present in terraced old 
fields. Unfortunately, within the present study it was not possible to measure soil moisture during the 
acorn experiment, so that soil moisture data are not available. However, from literature it is possible to 
have some clues. First of all, the base of the terrace wall is certainly one of the most humid microsites in 
a terrace, as one can easily understand looking at a scheme of the water movement in a terrace (Fig. 
5.32). All the water which does not remain stored in the terrace soil body and which is not lost to 
groundwater, flows downward the slope, arriving as drainage water at the wall base of the terrace 
below. Concerning the terraces on Pantelleria, Barbera & La Mantia (1998) underline for that the wall 
bases are characterized by elevated soil moisture contents. In part, this is due to the generally high air 
humidity values which are recorded for Pantelleria. This air humidity condenses during the night on the 
black, porous stones of the wall which eradiate the heat they have accumulated all day long.  
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Fig. 5.32. Water 
movement within the 
terrace soil and the 
terrace wall (from Carl & 
Richter, 1989; modif.). 

 
 
 
 
 
 
 

 

Fig. 5.33. Water availability 
under vine plants is increased by 
the rain-collecting man-made 
soil depression in which the 
vines are planted. 

 
 
 
 
 
 
 
 

 
Apart from the terrace wall, also other microsites may be characterized by an elevated soil moisture 
content. On Pantelleria, the vines are planted in man-made soil depressions which collect the rainfall 
(Barbera & La Mantia, 1998) and, thus, increase water availability within the soil depression (Fig. 5.33). 
As also after abandonment these soil depressions persist, the water accumulating effect exists also in 
old fields abandoned many years before. Moreover, as soon as the vine plant is in leaves (usually at the 
end of April, thus not at the beginning of the germination period; Fig. 5.34 and 5.35), the shading effect 
of their close to the soil surface canopy may also increase soil moisture by reducing evaporation values. 
In addition, litter of vine leaves may have an influence on soil moisture by covering the soil surface and, 
thus, reducing evaporation and temperature extremes (Myster, 1994). 

Effective precipitation 

Drainage 
water 

Percolation water 
Groundwater run-off 

Interflow 
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Fig. 5.34. A vine plant at the 
beginning of April, when new 
leaves begin to develop (white 
arrows). 

 
 
 
 
 
 
 
 

 
Fig. 5.35. In contrast, in June the vine plants 

provide a dense shading leaf canopy. 

 
 
 
 
 
 
 
 
 
The same mechanisms should also hold true for the isolated shrubs present in young succession stages 
(Borchert et al., 1989; Callaway & D’Antonio, 1991; Broncano et al., 1998; Lookingbill & Zavala, 2000). 
Their canopy and litter may indirectly increase soil moisture. However, old field litter studies failed to 
draw general conclusions about any net effect of litter on tree estalishment (Myster, 1994). Some 
studies found that it increased soil moisture (Fowells, 1965 cited in Myster, 1994). But litter may also 
influence germination of seeds by blocking or filtering light or by decreasing seed predation (Myster & 
Pickett, 1993 cited in Myster, 1994; Vilà & Sardans, 1999). The kind (biochemical and microbiological 
features) and depth of litter may be important variables. 
Last but not least, to a certain extent also small rock accumulations may increase soil moisture by 
shading the soil and by condensating air humidity during the nocturnal hours. 
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So, for the reasons outlined above, if one would have to rank the five studied microsites according to 
their capacity to enhance Quercus ilex recruitment in terms of soil moisture, temperature and light 
conditions, it would have to be made in the following way: Wall base > Vine > Shrub > Rock > Open 
spaces. This ordination explains in part the differences between the different microsites. In fact, vine 
and wall base resulted to be the most favouring microsites in emergence and survival. However, shrubs 
and rocks did not significantly increase acorn germination and (on the S-facing slope) seedling survival. 
In the case of the shrubs, this can be explained by the second main factor which influences the patterns 
of Quercus ilex establishment: the habits of acorn and seedling predators, namely rodent and rabbits on 
Pantelleria Island (cfr. paragraph 4.4; Manson et al., 1998). Many studies have shown that these small 
mammals more frequently depredate acorns and seedlings under woody cover than in open spaces 
dominated by herbaceous vegetation, probably because there they find shelter (Pusenius et al., 2000; Li 
& Zhang, 2003). In fact, also in the present study the shrub microsite was the only site where more 
seedlings died by predation than by drought (cfr. paragraph 5.3.2). 
Concerning the rock microsite, it seems to be more the high temperature and drought stress to inhibit 
Quercus ilex favouring than seed and seedling predation.  
As it was outlined in the previous chapter (cfr. paragraph 4.4), also the wall base should be subject to an 
elevated rate of seedling predation, as rodents live in the cavities of the terrace wall. Moreover, as under 
shrubs, also under vine plants seedling predation should be high. However, if an elevated predation rate 
should be true for wall bases and vine, it had no significant effects. Acorn predation could not be 
measured during the experiment, so that seed predation was a factor which had to remain unvalued. 
Concerning the rock microsites, the low seedling survival cannot be attributed to higher predation rates, 
but most probably it was caused by the severe temperature stress which characterizes these microsites 
(Fig. 5.30). Quercus ilex seedlings and saplings react to elevated heat and drought stress by closing 
stomata which leads to a reduction in net photosynthesis rates (Nardini et al., 2000). 
 
So far, only the differences in Quercus ilex establishment between the different microsites were 
discussed, but not the differences between the expositions. One may have expected that on the 
Southern slope, due to harsher environmental conditions, Quercus ilex establishment would have been 
lower than on the North-facing slope. On the contrary, emergence and survival were higher on S than 
on N. Nevertheless, the factors influencing germination and survival which have been outlined above 
are valid: in fact, if one compares the temperature curves (Fig. 5.28) and the temperature sums (Fig. 
5.31) of the open spaces of N and S it is clear that the South-slope was objectively the one with the less 
harsher environmental conditions. It is not clear what caused this fact. Experimental plots on the S-slope 
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were about 50 meters higher in altitude than the plots on the N-slope, but it is improbable that only this 
factor has created such a difference. Probably the mesoclimatic conditions (maybe caused by wind 
direction and intensity) on the South-slope were different from the North-slope area. 
 
After this discussion of patterns of Quercus ilex recruitment due to microsite and exposition, some more 
general observations should be discussed. 
Emergence rates and survival were quite high, and they are comparable to those ones recorded by 
Gomèz (2004) who made a similar study. This is partly due to the burial of acorns, which protects the 
acorns from being predated and which increases germination probability, as in the soil the acorns are 
exposed to a more constant moisture content. 
An interesting observation was also that some shoots emerged only in the second spring after acorn 
sowing. According to Gomèz (2004), this happens when acorns which germinate in the first spring 
remain shootless until the second year after sowing. 
Even if the emergence rate is quite high, it has to be asked what happened to the other almost 50% of 
the buried acorns. One possibility is that acorns were unburied by rodents or that they were attacked by 
fungi in the soil and, thus, never germinated. Another possibility is that vital acorns germinated but the 
shoot never reached the soil surface, for example because the shoot’s apical meristem is damaged 
already in the soil, for example by herbivorous subterranean animals (Brown & Gange, 1992). That this 
last assumption may be true is supported by the fact that some seedlings were found to be emerged not 
only by one but with two or three shoots (Fig. 5.36) which means that the main shoot was damaged in 
the soil and shoot growth was taken over by the axillary meristems. 

 
Fig. 5.36. Example of a Quercus ilex 
seedling emerged with two shoots, probably 
due to the destruction of the main shoot 
already under the soil surface. 
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For shoots which had already emerged, resprouting was an important way to recover after drying up or 
predation of the aerial part of the seedlings (Callaway & D’Antonio, 1991). How vigorous may be a 
Quercus ilex seedling may be demonstrated by the following photograph (Fig. 5.37) which shows the life 
history of a two-year-old seedling. In spring 2005, the acorn germinated and the shoot emerged. 
Subsequently, the shoot was predated by a rodent (1), which reduced the shoot to soil surface level (for 
the photo the soil has been removed up to a depth of about 3 cm; the soil surface is where the eaten 
shoot ends). As a reaction, the seedling resprouted prior to summer 2005 (2). This resprouted shoot, 
however, dried up during summer 2005. Nevertheless, the seedling was able to resprout a second time 
in autumn 2005 (3) and, up to today, it is still alive. 
 

Fig. 5.37. Example of the 
resprouting capacity of a Quercus 

ilex seedling. After shoot 
emergence in spring 2005 the 
seedling was browsed (1), but 
resprouted prior to the summer (2). 
During summer, this second shoot 
dried up, but was capable of 
resprouting once again in autumn 
2005 (3). 

 
 
 
 

 
Resprouting is, however, energy-intensive (Frost, 1997). As a consequence, resprouted seedlings often 
show lower height and leaf numbers than non-resprouted seedlings. Moreover, resprouting efforts may 
decrease root growth and, thus, the ability of the seedlings to reach deep, summer-moist soil layers 
(Herrera, 1995). 
But also the non-resprouted seedlings differ between each other in height and leaf number. This should 
be a function of 1) solar insolation and 2) temperature- and drought-stress. Quercus seedlings which 
grow under shaded conditions tend to increase their growth in height relative to their basal diameter, 
while seedlings growing in full sunlight invest more energy in developing their root system (Callaway & 
D’Antonio, 1991; Broncano et al., 1998). In this way, in full sunlight conditions the water losses are 
reduced and water uptake is maximized. Moreover, shading also induces an increase in photosynthetic 

1 

2 

3 
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structures, i.e. in leaf area. If one applies these observations to the height evaluation of the present 
study, it should be expected that in the shadiest microsites (wall base and vine), the seedlings would 
have higher shoots. However, this was the case only under vine plants, while the wall base showed no 
significant height increase in comparison with the other microsites. An explanation for this fact still has 
to be found. It is also curious that some South-facing rock accumulations showed very high shoots and 
leaf numbers. 
So, height and leaf numbers were not linked to higher or lower survival rates. Neither was the time 
period of germination: it made no difference for survival if a seedling emerged in April or in May. 
 
In conclusion, two points should be highlighted: 

1) Seed-seedling conflicts (= “conditions or traits that are favourable for seeds and unfavourable 

for seedlings”, Schupp, 1995) seem to exist for Quercus ilex in terraced old fields only to a low 
extent (Broncano et al., 1998). Both for seed germination and seedling survival relatively 
shaded, cool and wet conditions are required, making wall bases, vine plants and shrubs the 
favouring safe sites for Quercus ilex recruitment. The only conflict is created by seed and 
seedling predation, which is higher under woody cover than in open spaces. 

2) The acorn experiment showed a quite high survival rate. Thus, Quercus ilex recruitment in 
terraced old fields is not safe site-limited but dispersal-limited (cfr. Schupp & Fuentes, 1995; 
Frost, 1997). This may be due to a low dispersal vector performance. In fact, on Pantelleria 
dispersers of acorn are only rodents, having low maximum dispersal distances (up to 60 m). 
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6. GENERAL DISCUSSION & CONCLUSIONS 
 
Large areas of the Mediterranean Basin have been subject to intense human activity for centuries, if not 
for millenia. As a consequence, natural vegetation was reduced to small remnant areas. Since some 
decades, however, the abandonment of agricultural activites causes an increase in semi-natural and 
natural vegetation (FAO database; Mazzoleni et al., 2004). According to Richter (1993), about 10.000 
km2 of land surface were subject to abandonment in the Mediterranean Basin within the last hundred 
years. 
This overall trend can be found also on Sicily. In the last fifty years, large surfaces have been 
abandoned, e.g. in the decade 1990-2000 the used agricultural surface was reduced by about 20%, 
corresponding to 320,000 ha of land surface (ISTAT, 2000). However, as also in other regions of the 
Mediterranean, the cessation of crop planting activities often goes along with an increase in wildfire 
frequency and/ or in grazing intensity (Bonet, 2004). 
The abandonment of agricultural surfaces leads to the local extinction of animal and plant species which 
are strictly linked to agroecosystems (La Mantia, 1997). These species are replaced by other species 
which are linked to the young stages of secondary sucession, such as open grasslands with single trees 
and patches of shrubland. In the first decade after abandonment, the resulting β-diversity within a 
landscape may result higher than in the earlier cultivated cultural landscape (see e.g. Rühl, 2004). So, 
at present often landscapes are characterized by a rich mosaic of different plant and animal 
communities caused by the co-existence of patches in progress of secondary succession, affected by 
regression (caused by disturbances such as fire and grazing) and areas where still agricultural activity is 
found. 
But what will happen if the trend of abandonment proceeds? This is may happen: after 2013, within the 
European Union Sicily will not be any more classified as objective 1 area , but as objective 2b area (i.e. 
areas with economy able to produce but with structural problems). This will reduce strongly the access 
to agricultural funds, which today are available for cropland, olive groves, almond and cattle raising. On 
the contrary, already today there are funds available for farmers who will re-forest part of their land with 
autochthonous species (ex-Reg. (CEE) n. 2080/92, now PSR Sicily 2000-2006 based on Reg. (CE) 
n.1257/99). So, there may be an ongoing abandonment of ploughing activities, young secondary 
succession stages will develop to older succession stages and at a certain point large landscapes could 
result to be dominated by old succession stages, as it is the case already today on some islands and, 
for example, on Mt. Etna. As a result, the animal and plant communities which are linked to cultivated 
fields and their structures and to young and intermediate succession stages are lost.  
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Obviously, the marginal areas will be affected more rapidly by such processes, as since decades with 
land use abandonment goes along an emigration of the local population to the cities. Most terraced 
landscapes must be classified as marginal areas, since their cultivation cannot be intensely mechanized 
and their inclination may render them quite difficult to manage. 
Thus, nature conservation management and landscape planning should be interested to find a solution 
to this problem. At this moment, the Sicilian Regional Environmental Office (ARPA Sicilia – Agenzia 

Regionale per la Protezione dell’Ambiente) has financed a first study which has elaborated an inventory 
of Sicilian terraces and has given some first clues on how it might be possible to preserve at least a part 
of these extraordinary landscapes (AA.VV., 2007). On a European level, there are some other projects 
focussed on the conservation of terraced landscapes (in Northern Italy, Southern France, Spain and 
Greece). These projects have recognized the values of a cultivated terraced landscape which consist in: 

1) environmental services: first of all erosion control (cfr. Ramos & Porta, 1997; Di Pietro & 
Filibeck, 2000; Brancucci et al, 2001; Grove & Rackham, 2001), but also reduced wildfire 
probability and conservation of agroecosystem biodiversity, 

2) cultural identity services: these cultural landscapes take their origin centuries ago, and some 
of them already millenia ago and 

3) social and local development services: enhancing extensive, high quality agriculture and 
tourism against depopulation and overaging of rural areas. 

One important project on terrace landscape conservation is the project PATTER (Patrimonio de 

Terrazas; www.conselldemallorca.net/mediambient/patter), financed by the EU and realized from 1999 
to 2001 by partners from the island od Maiorca, the Cinque Terre region in Italy and Provence region in 
France. Apart from realizing that there is a huge richness in terrace structures in Europe, but also of 
their degradation processes, this project elaborated a classification system for the cataloguing and the 
analysis of the terraced landscapes in the Mediterranean Basin. The applicated methodology then was 
the basic instrument for the elaboration of terrace conservation planning in the national park Cinque 

Terre in Liguria Region. The effort of the national park authorities is one of the main ones in Europe to 
terrace conservation (www.parconazionale5terre.it). Inside the park, there are about 1,400 ha of 
terraced areas, and when the it was established in 1999 only few hectares were still cultivated. In 
cooperation with a cooperative of local farmers the park authorities are now focussing on the recovery of 
terraced areas, mainly based on labelled, biological agriculture. Funds are available to farmers for 
terrace wall recovery after collapses, and everyone who makes request can lease gratis for the next 20 
years a 0.3 ha area of terraced abandoned area from the park with the obligation to cultivate it. A main 
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instrument in terrace recovery and cultivation are the monorails, which help to transport products and 
materials from terrace to terrace, having a low impact on the terrace landscape (Fig. 6.1). 
Apart from PATTER and the Cinque Terre, there are other terrace projects in Europe focussed mainly 
on the re-creation of the service of terraced landscapes named above. To name the most important 
ones: 1) projects linked to the terraced landscapes of the Cévennes, which is the Southern part of the 
Massif Central in France (www.cevennes-parcnational.fr), 2) the project TERRISC with the participation 
of partners from Spain, Portual and France (www.conselldemallorca.net/mediambient/terrisc) and 3) the 
project PROTERRA with participation of Spain, France, Greece, Italy and Portugal (www.proterra.ch). 
 

 
Fig. 6.1. The monorail is an effective transport 
vehicle for agricultural materials and products and, 
thus, are very important for the recovery of the 
terraced landscape in the Cinque Terre National Park 
(Italy). 

 
 
 
 

As was outlined above, not only the cultivated, but also the young and intermediate stages of secondary 
succession and the regression stages contribute to the diversity in animal and plant species in a 
landscape. In marginal areas, on the long term this richness can be conserved only by a periodic re-set 
and re-abandonment of the abandoned areas, creating and maintaining in this way a mosaic of 
cultivated fields, young, intermediate and old succession stages (Fig. 6.2; see also Bonet, 2004). 
Nowadays, such a kind of mosaic can be found only in those regions where abandonment has been a 
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slowly ongoing process in the past decades. For the maintenance of such a mosaic, it is necessary that 
all patches make part of an overall rotation management plan (cfr. Luken, 1990). 
 

 
 
 
 
 
 
 

 
Fig. 6.2. To preserve a maximum in 
biodiversity in terraced landscapes, a 
mosaic of different succession stages is 
necessary (above). Nowadays, such 
mosaics can be found only where 
abandonment has been a slowly 
ongoing process in the past decades, 
as on Pantelleria Island (photo). 

 
 
 
 

 
Naturally, the creation and maintenance of such a mosaic raises many questions and problems, as for 
example from an ecological point of view: 

1) How must be the spatial design of such a mosaic? 
2) What is the minimum total area necessary to preserve certain target species? 
3) What is the minimum patch size necessary to preserve certain target species and do edge 

area/interior area relationships matter? 
From an application point of view questions may be on who executes such a re-set (farmers? regional 
forest workers?) and with which techniques. These considerations lead to the problem who could 
manage such kind of mosaic and where: is it to apply only in protected areas and with which funds re-
cultivation is paid? 
The results of the present study can help to answer some question linked to the first block of questions, 
the ecological ones, and more in detail to the point how such a mosaic must be spatially designed. 

Cultivated 

Young succession stage 

Intermediate succession stage 

Old succession stage 
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The spatial design must refer to two central questions: 
1) When to intervene? 
2) How to intervene? 

Regarding the first question, in order to plan a mosaic of different succession stages we must know 
about the velocity of secondary succession processes, under undisturbed conditions as well as under 
disturbed conditions. To explain this point in a schematic way (Fig. 6.3): one must know how much time 
is necessary to pass from one succession stage to the next one, or with other words after how much 
time all abandoned patches will be dominated by old succession stages. 
Another important question is how to intervene: should we do distribute the periodic re-sets of cultivation 
in a clumped or in a casual manner? 

 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 

Fig. 6.3. The most important questions for the spatial design of a mosaic are when to intervene (above) and how to intervene 
(below). To answer this question, studies on the velocity of secondary succession processes have to be conducted. 
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The results of the present study contribute to the question on which factors influence the pace of 
succession in an undisturbed terrace landscape. As was outlined in the previous chapters, two of these 
factors are the neighbourhood effect (NE) and the safe site effect (SSE). Taking the results as a basis, 
one can quantify these effects and develop some examples for periodic re-setting. To semplify the 
discussion, the sets are developed only for North-facing slopes. 
To quantify the influence of NE and SSE on succession velocity, which here is measured in terms of 
velocity of colonization by woody species, one has to calculate two factors: 

1) the acceleration factor of woody cover increase due to NE and SSE, and subsequently 
2) the acceleration of vegetation dynamics in terms of succession stages due to NE and SSE. 

 
Ad 1) 
The results of the present study showed that the presence of an older neighbour and of safe sites in an 
old field accelerate colonization by woody species in a target field by the factor of four in confront with a 
fallow where no old succession stage and no safe sites are present (Fig. 6.4; cfr. paragraph 4.3). 

 
Fig. 6.4. The neighbourhood effect and the safe site effect 
accelerate woody cover increase about four times in 
comparison to old fields where these effects are absent. 

 
 
 
 
 
 
 
 

 
Ad 2) 
In terms of vegetation dynamics the acceleration of woody cover increase outlined in point 1 leads to an 
acceleration of the time period that is needed to pass from a succession stage to the next higher one. 
To calculate this second acceleration factor, one has to define some thresholds of woody cover for the 
single succession stages. From a previous study (Rühl, 2003) and for this schematic example, as a 
general rule can be defined that young succession stages show 0-30% woody species cover, while 
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intermediate stages are represented by 30 to 85% woody cover and old succession stages by more 
than 85% woody cover (Fig. 6.5). 
When both NE and SSE are present, it takes a young succession stage 15 years to be transformed in 
an intermediate succession stage, and other 15 years to become an old succesion stage (Fig. 6.6). 
When both NE and SSE are absent, the first transformation step is slowed down four times because 
seed rain is low and seeds arrive in microsites unfavourable for establishment. Further, for this simple 
model it was assumed that the second transformation step is slowed down by the absence of NE and 
SSE only two times and not four times, because once woody species are present in an old fields (and 
as was defined they are present with at least 30% cover in intermediate succession stages) seed rain 
increases from “within” the old field, lowering thus the importance of the absence of an older neighbour. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6.5. On Pantelleria, young succession stages are characterized by about 0-30% woody species cover, while 
intermediate stages show 30 to 85% woody cover and old succession stages more than 85% woody cover (Rühl, 2003; the 
structural presentation of the relevé plots were elaborated by D. G. Campisi and by G. Terrazzino using SVS Stand 
Visualization System software by McGaughey, 1997). 
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Fig. 6.6. Acceleration of vegetation dynamics in terms of succession stages due to the neighbourhood effect and the safe 
site effect (blue numbers). yrs. = Years. 
 
 

Now, these calculations give us the possibility do some simple modelling of renaturation processes on a 
landscape scale for Pantelleria. Lets immagine three sets differing in a) the presence of NE and SSE 
and b) the spatial distribution of the dispersal centers. All other environmental factors are stable. The 
first set includes only old fields where NE and SSE are present (Fig. 6.7). The dispersal centers (= old 
succession stages) are distributed in a clumped way in the mosaic. Set B is the same as set A, but with 
a casual distribution of dispersal centers. In Set C, no safe sites are present inthe old fields, for example 
former crop plant was grain crop or because vine plants have been uprooted. Moreover, in Set C no 
older neighbour is preset within 100 m of the old field. All these three sets exist as real situations on 
Pantelleria. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6.7. Presence and absence of the neighbourhood effect and the safe site effect in set A, B and C. Every square 
represents an old field in a determined succession stage or a cultivated field. 
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With abandonment of all cultivated fields in a set, secondary succession processes start. With time, the 
three sets show quite different dynamics of woody species colonization (Fig. 6.8), as described in the 
following. During the first decade after abandonment there are no changes. Then, however, after 15 
years young succession stages next to old succession stages have transformed in intermediate stages 
because of the neighbourhodd effect, while those ones without older neighbour did not change. This is 
the case for all patches in Set C. One notes immediately that a clumped distribution of old succession 
stages leads to a more rapid change within the mosaic: after 35 years more than half of all patches are 
old successional stages, while in set A only a forth of it changed in this way. 
However, since after 50 years with the presence of safe sites all patches in Set A which have been 
young stages pass to the intermediate status, within 65 years not only set B but also set A reaches full 
transformation to old succession stages. In contrast, in Set C without safe site and neighbourhood effect 
all patches transform from young to intermediate stages only after 65 years of abandonment. And only 
after 95 years also set C reaches full transformation to old succession stages. 
 
So, lets suppose that there are target animal or plant species/ communities to preserve in all three 
stages of abandonment, thus all stages must be always present and exist on the long term. So, in case 
of Set A re-set to cultivation and abandonment must be made for part of the patches between 35 and 50 
years after first abandonment. Otherwise, young stages will not be present any more. In Set B, re-set 
must be made already after 20 to 35 years, while for Set C intervention by men is necessary only after 
50 and 65 years to preserve young stages and between 80 and 95 years after abandonment to 
preserve intermediate stages. 
 
Passing to the second question that is important for intervention planning (= how to intervene), it is 
important to underline that the transformation of the mosaic to old succession is more rapid when initial 
distribution of dispersal centers is casual (=Set B) than when it is clumped (=Set A) (Fig. 6.9). So, from 
an economical point of view with re-setting it is better to leave clumped patches and not casually 
distributed ones because casual distributed dispersal centers lead to a quicker transformation of the 
entire mosaic, thus another intervention will be necessary after a shorter time period. 
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Fig. 6.9. The period of time that passes between abandonment and re-set to cultivation is determined by the factors 
neighbourhood effect and safe site effect. As a consequence, re-set in Set B is necessary earlier than in Set B and in Set C. 

 
 
The considerations that were outlined in the previous paragraphs have to be taken only as a first 
approach on how a mosaic of succession stages could be organized. In fact, the assumptions that were 
made to do this simple modelling have simplified too much the complex patterns of secondary 
succession. So, other factors (such as maximum dispersal distances, quantification of seed rain, 
predation, etc.) must be taken in account. Moreover, the influence of the safe site effect was simplified 
because where “no safe site effect” was supposed, really there is only the absence of former crop plants 
since the wall base is always present as a safe site in a terraced old field.  
 
However, even if there are several efforts to evaluate and recover terrace landscapes, it is an illusion to 
think that all terraced landscapes can be recovered. In contrast, on the long term one those terraces will 
remain cultivated which are quite easy to access and, thus will assure some profit. In addition, with a 
great management effort and applicating the mosaic proposed above, it will be possible to keep in 
cultivation also some additional areas, by EU funds for local development, tourism or enhancing local 
high quality agriculture. But what should happen with all those areas which cannot be kept in 
cultivation? Should they be left to secondary succession? Should there be any kind of intervention by 
humans? 
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To answer these questions at this point in time is not possible for the simple lack of knowledge about 
terraced landscapes (cfr. also Grove & Rackham, 2001). For example, it is not known to what extent the 
increasing amount of roots of colonizing plants contribute to wall collapses. The only thing that can 
surely be said that human intervention should concentrate on keeping disturbances away from 
abandoned terraces, because wildfires and overgrazing (above all by goats) destroy the terrace walls, in 
the first case by increasing erosion processes (Pardini et al, 2004) and in the second case by a physical 
destruction of the walls (but see also the results of Bergmeier, 1997 and Bonet, 2004). In contrast, local 
moderate grazing enhances diversity in an abandoned terrace landscape (Bonet, 2004). 
There may be, however, still another hypothesis. On Pantelleria can be observed perfectly conserved 
terrace walls under Quercus ilex woods. So, a rapid and undisturbed colonization process of woody 
species could be a key to preserve terrace walls also under wood cover. With other words: even if 
terraces cannot be cultivated any more on a large scale, it could be possible to maintain them by 
preserving them from fires and grazing and, thus favouring an immediate colonization by late 
successional species. 
If one does not want to rely only on natural processes (this might be the case especially where dispersal 
centers are very rare, as for example in the Palermo Mts.), it is possible to think of extensive 
afforestation measures to create additional dispersal centers. These may be carried out by planting 
young tree individuals or by seed addition. The results of the present study can contribute to the 
elaboration of such afforestation programs, giving some clues on how the natural conditions present in a 
terrace might be used to favour afforestation success. First of all, it was shown that woody species 
recruitment on terraces is mainly dispersal limited. So, already the addition of seeds in safe sites may 
be enough to enhance secondary succession processes. If former crop plants are present, these have 
certainly to be used as sowing sites. Also the wall bases are safe sites, however here a careful study 
should evaluate if woody individuals growing at the wall base favour or damage the stability of the 
terrace walls. On Pantelleria, frequently Quercus ilex trees had been cultivated near the wall base 
without apparent damages to the wall’s stability. 
Quercus ilex is a major structural component of real and potential woods in parts of the Mediterranean 
region (Rey Benayas & Camacho-Cruz, 2004). In combination with the fact that this tree species shows 
also a good drought resistance strategy with respect to other species (Lo Gullo et al., 2003), it is an 
important species for the renaturation of old fields. In case that Quercus ilex is one of the late 
successional species present in an area and acorn sowing is an option, one should take account of the 
following considerations: 

- Acorns should be collected spatially as close as possible to the area where they will be sown. 
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- After acorn collection, a thorough selection of vital acorns should be made. Fungi can be seen 
easily, while insect-infected acorns can be excluded by flotation in water (Bonfil, 1998). 

- Acorns should be horizontally buried at a depth of 3-5 cm, instead of leaving them on the soil 
surface. 

- Acorn sowing should be done by wearing handgloves to reduce acorn predation based on 
olfaction. 

- Since seedling predation might strongly reduce the recruitment rates, for the years cages could 
be put around the sowing sites. However, this might be cost-intensive. 

- If there are isolated shrubs already present in an old field, acorn can be sown also in these 
microsites. However, different shrub species create different microsites. For example, the burial 
of acorns under Cistus spp. shrubs seems to be useless, as acorns fail to germinate when they 
are in contact with Cistus litter (Rühl, unpubl. data). 

 
Another way which could enhance a rapid colonization by tree species are the construction of artificial 
perching structures in old fields. Moreover, crop tree conservation (as for example of olive trees or carob 
trees) can enrich an old field in natural perching sites (Bonet, 2004). In this way, fleshy-fruited seeds 
would arrive more frequently in the old field, decreasing also in this case the dispersal-limited 
recruitment of adults. 
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7. SUMMARIES 
 
7.1 Summary 
In Mediterranean Europe, terrace landscapes can be found where 1) the orography is characterized by 
hills or mountains, 2) there is a high amount of stone outcrops and 3) the human need for agricultural 
production was quite high till the recent past. During the last century, many of these landscapes have 
been abandoned, due to their unsuitability for mechanized, intensive agriculture and due to the general 
land abandonment trend which arised in large parts of Europe. 
Since with land abandonment start secondary succession processes, the plant and animal communities 
linked to agroecosystems are replaced by other species which find their habitat in the developing 
succession stages. This process has been widely studied in Europe for some agroecosystems, but not 
for terraced ones. At a European level, few literature exists, in Italy even less and almost nothing is 
known about Sicilian terraces, which are the subject of the present study. 
In my Diploma Thesis, I described secondary succession processes on undisturbed terraces of 
Pantelleria Island (Sicilian Channel). However, in most areas of Sicily disturbances such as wildfires and 
grazing are frequent. So, in order to know which are the secondary succession processes of disturbed 
and undisturbed vegetation on Sicilian terraces, which was the first main aim of the present study, a 
wider research perspective had to be chosen. The results of this research project are presented in the 
first part of the present study, focusing on a description of the plant communities involved in secondary 
succession processes a) from a floristic and structural point of view and b) from a species diversity point 
of view. Moreover, the ecological interpretation of the collected vegetation data describes the links of 
plant communities, single plant species and plant species diversity to environmental factors and 
disturbance regime. 
In order to obtain these results, 129 vegetation relevés (sensu Braun-Blanquet) were made on 
abandoned terraces in five of the main terraced areas of Siciliy: 1) the Aeolian Islands, 2) Pantelleria 
Island, 3) Mt. Etna, 4) the Palermo Mts. and 5) the Hyblaean Plateau. The first three areas share 
volcanic substrates, while sample plots in the last two areas are characterized by limestones. Moreover, 
the sample plots differed in bioclimate, abandonment age and disturbance status. Bioclimatic 
thermotype and ombrotype were assessed using thematic maps. 
Abandonment age was checked through aerial photographs of the years 1955, 1968, 1987, 1992, 2000 
and 2002. In this way, plots were attributed to six different abandonment age classes: Class 1 = still 
cultivated today; Class 2 = still cultivated in 2002, thus abandoned not more than 4 years ago; Class 3 = 
still cultivated in 1987, thus abandoned about 5-20 years ago; Class 4 = still cultivated in 1968, thus 
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abandoned about 20-40 years ago; Class 5 = still cultivated in 1955, thus abandoned about 40-50 years 
ago; Class 6 = already abandoned in 1955, thus abandoned about more than 50 years ago. 
Four types of disturbance status were defined (i.e. presence/absence and nature of disturbance): 1) 
burnt, 2) grazed, 3) ploughing, thus still cultivated and 4) undisturbed plots. 
Only abandoned vineyards or grain crop fields were selected as sample plots, while tree crops were 
excluded, as it can be assumed that secondary succession processes are modified by tree presence in 
the old fields. Selected sample plots were always 50 m2-sized. 
The results of biodiversity evaluation by t-tests and ANOVA showed that vascular plant diversity is 
linked to disturbance regime and to abiotic factors (especially geological substrate). Especially grazing 
increases species richness, since animal activity creates several microsites within old fields which would 
not occure if animals were absent (bare soil, small-scale nutrient gradients for excrements). In these 
microsites, many therophyte communities can establish. Moreover, it was found that on limestone 
species richness is higher than on volcanic substrates. 
As a second step of data evaluation, it was tested if there is a link of certain plant species to fire or 
grazing disturbance, comparing their cover values using Kruskal-Wallis One Way ANOVA on ranks. 
Only two of the 13 tested species were confirmed as indicator species. On limestone, Ampelodesmos 

mauritanicus showed statistically significant higher cover values in relation to fire disturbance. In 
contrast, on volcanic substrates Cistus spp. become dominant when fire disturbance occurs. 
As a third step, vegetation relevés were analysed with DCA and TWINSPAN. The resulting 14 sample 
plot groups (= clusters) were then used for a better interpretation of plant communities and to check the 
dynamic relations between them. In addition, in order to describe vegetation physiognomy of every 
cluster the available structural data (dominance, cover percentage of perennial herbs and woody 
species) was used. 
From a floristic point of view, plant communities involved in secondary succession processes on Sicilian 
terraces are quite different between and within the five study areas. As DCA showed, this is mainly due 
to different substrate and bioclimatic conditions. Moreover, vegetation is strongly influenced by 
abandonment age and disturbance status, and each of them plays an opposite role in modelling its 
structure. If no disturbance biases succession, then plant communities evolve rather rapidly (30-50 
years) to maquis communities. If fire does not occur frequently, it does not alter the structure of 
vegetation, since most part of Mediterranean shrubs and trees resprout more or less rapidly. If frequent 
fires occur, secondary succession is blocked, so that vegetation remains for decades in a “steady state” 
(Ampelodesmos mauritanicus grasslands in the limestone sites, Cistus spp. garrigue on Pantelleria and 
Brachypodium retusum grasslands on the Aeolian Islands). Where grazing is very intense, the steady 
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states were found to consist of herbaceous plant communities with few spiny or poisonous woody 
species individuals. With low-intensity grazing, higher woody cover was recorded.  
The rapid secondary succession processes present on undisturbed terraces are mainly due to the 
terrace soil body, which is a noteworthy water reservoir in comparison to soils on non-terraced slopes, 
and to the terrace wall which may act as dispersal center and as a favouring microsite for woody 
species colonization. 
 
The second part of the present study focuses on the driving forces of secondary succession and, more 
in detail, on the colonization machnisms of old fields by woody species.  
In a first section, the existence of two of these mechanisms are checked: 1) the neighbourhood effect 
and 2) the safe-site effect. The first term refers to the hypothesis that old fields surrounded by old 
succession stages are subject to a more rapid invasion of woody plants than those ones surrounded by 
old fields of the same abandonment age. On the other hand, the term ‘safe site effect’ describes the 
hypothesis that an old field which is characterized by a high number of safe sites is colonized more 
rapidly by woody species than an old field with few safe sites. A safe site can be defined as the 
environmental conditions at the scale of an individual seed that promote seed survival, germination, and 
seedling establishment.  
The existence of these two effects is verified by data from 51 transect relevés, made up of 357 subplot 
relevés. The transects were made in target fields 1) with older neighbour (i.e. old succession stage 
characterized by maquis communities) present directly attached to the target field and 2) with older 
neighbour absent within a 100 m-distance. In each of the seven subplots (1x1m) of a transect, a 
simplified vegetation relevé was made, and all woody species individuals were counted, recording 
seedlings, saplings and adults separately. In addition, for every individual was recorded if it grew within 
the influence of a potential safe site or not. As potential safe sites were analysed the former crop plants 
of vine and the terrace wall base. 
Data evaluation by Kruskal-Wallis ANOVA and Mann-Whitney Rank Sum confirmed the existence of the 
neighbourhood effect and of the safe site effect. Moreover, it was shown that animals as dispersal 
vectors strongly influence these effects. For the neighbourhood effect, seed dispersal distance is the 
crucial point, since as a general rule it can be said that seed rain decreases with increasing distance 
from the source. On Pantelleria, only birds and rabbits were found to transport seeds of maquis species 
at a distance >100 m. 
For the safe site effect, the main underlying mechanisms are: 1) passive facilitation (i.e. animals tend to 
create heterogeneous seed rain patterns because they frequent certain microhabitats more often than 
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others) and 2) active facilitation (i.e. the positive influence of an existing woody or herbaceous plant 
individual on the establishment or the growth of another one). Vine plants are safe sites for woody 
species because they serve as perching structures for birds and as a shelter for mammals and, thus, 
are characterized by an elevated seed rain than the open spaces of an old field. In addition, the vine’s 
canopy and the man-made soil depression in which they were planted lower heat and drought stress 
and, thus, increase seed germination and seedling survival probability. Also the wall base is 
characterized by milder microclimatic conditions and, thus, enhances recruitment rates. Passive 
facilitation on wall bases is performed probably more by mammals than by birds. 
As an overall conclusion, it can be stated that the pace of secondary succession on Pantelleria is 
dispersal-limited since the safe sites in a terraced old field are not saturated. 
 
The second section of the analysis of the driving forces of succession describes the performance of 
establishment of Quercus ilex L. in different microsites of terraced old fields. This analysis was done by 
seed arrival manipulation through acorn sowing and aimed at answering the question if there are 
microsites in old fields which favour Holm Oak establishment in old fields more than other microsites.  
In November 2004, acorns were buried on a North-facing slope and on a South-facing slope in five 
different microsites: 1) under vine plants, 2) at wall bases, 3) under the canopies of isolated shrubs, 4) 
between small rock accumulations and 5) in open spaces (i.e. outside of any of the previously named 
microsites). In monthly checks, seedling emergence, survival, height and leaf number were recorded. 
Moreover, in April and July were measured air temperature and air humidity in the different microsites.  
Most seedlings emerged in April and May 2005; overall emergence rate was 52.4% of all buried acorns 
(n = 1,020). More seedlings emerged on the South-facing slope (S; 59.8%) than on the North-facing 
slope (N; 45.0%). Emergence was higher when acorns were buried under vine plants and at the wall 
base than in other microsites of the old fields. 
At the end of the experiment (September 2006), 45.3% of all emerged seedlings were still alive (29.2% 
on N, 58.9% on S). The rest died mostly due to drying up during summer drought of 2005 and 2006, but 
also due to seedling predation by rabbits and rodents. Survival was higher under vine plants and at the 
wall base than in the open spaces of the old fields. Again, the South-facing slope was more favourable 
than the North-facing slope. 
Height and number of leaves of the seedlings were higher under the vine plants than in other microsites 
(only on the North-facing slope). Between rock accumulations, seedlings were higher and had more 
leaves on S than on N. 
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From literature, it is known that seed vitality, seed germination and seedling survival of Quercus ilex are 
favoured by shady, wet and fresh conditions. The temperature and air humidity measurements showed 
that at the wall base, under vine plants and under isolated shrubs environmental conditions are milder 
than in open spaces. Shrubs probably did not result to enhance seedling survival for elevated predation 
rates, as predators prefer shrubs for the shelter they provide.  
However, even if temperature and relative air humidity seem to play an important role for Quercus ilex 
seedling emergence and survival, they did not unambiguously explain the differences between the safe 
site types. A factor of major importance is probably soil moisture, as from literature it is known that 
Quercus ilex is sensitive to water-stress in its establishment phase. 
The outlined observations are valid even if emergence and survival were higher on S than on N. 
Contrarily to what was expected, the measurements showed that the S-slope was characterized by 
milder conditions than the N-slope. This fact may be explained by differences in mesoclimate, e.g. due 
to wind which is an important factor on Pantelleria Island. 
 
As a last part, the present study discusses what does the obtained results mean for terrace landscape 
conservation and biodiversity management. In abandoned areas, on the long term species richness can 
be conserved only by a periodic re-set and re-abandonment of the abandoned areas, creating and 
maintaining in this way a mosaic of cultivated fields, young, intermediate and old succession stages. 
The analysis of the neighbourhood and safe site effect allow to make some consideration on the spatial 
design of such a mosaic, and, more in detail, may answer the questions when to intervene and how to 
intervene. Some examples are presented how the results may be applied, with a crucial point being the 
acceleration factor of woody cover increase by older neighbours and safe sites. Moreover, for terraced 
areas where such a mosaic will not be applied, a proposal is made how it might be possible to preserve 
terrace structure even with abandonment: since terrace wall seem to be stable under woods, rapid and 
undisturbed secondary succession might be the key for terrace landscape conservation. Where 
dispersal centers are absent, afforestation by extensive Quercus ilex acorn sowing might be a solution. 
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7.2 Zusammenfassung 
Im mediterranen Teil Europas sind Terrassenlandschaften überall dort zu finden, wo 1) hügelige oder 
bergige Formen das Relief bestimmen, 2) anstehendes Gestein häufig ist und 3) wo in der 
Vergangenheit hohe demografische Zunahmen wenig landwirtschaftlicher Nutzfläche 
gegenüberstanden. Während des letzten Jahrhunderts wurde ein grosser Teil dieser Landschaften 
aufgegeben, da sich Terrassen nicht für mechanisierte, intensive Landwirtschaft eignen, und da sich die 
Landflucht als genereller Trend in Europa vor allem auf die landwirtschaftlichen Marginalstandorte 
auswirkte. 
Da mit der landwirtschaftlichen Aufgabe einer Fläche die Prozesse der sekundären Sukzession 
einsetzen, werden die Pflanzen- und Tiergemeinschaften, die an Agrarökosysteme gebunden sind, 
durch andere Arten ersetzt, welche ihre Habitate in den sich entwickelnden Sukzessionsstadien finden. 
Diese Vorgänge wurden in einigen Agrarökosystemen sehr gründlich erforscht; Terrassenlandschaften 
gehörten bisher nicht dazu. Auf europäischer Ebene existiert wenig Literatur, die sich mit der Aufgabe 
von Terrassenlandschaften beschäftigt, noch weniger ist über italienische und fast überhaupt nichts 
über sizilianische Terrassen bekannt. 
In meiner Diplomarbeit habe ich sekundäre Sukzessionsprozesse auf ungestörten Terrassen der Insel 
Pantelleria (Straße von Sizilien) beschrieben. Da aber der Großteil der Terrassen auf Sizilien nach ihrer 
Aufgabe häufigen Störungen durch Brände und Beweidung ausgesetzt ist, sollten diese Prozesse in 
einem breiteren Spektrum erforscht werden. Der erste Teil dieser Arbeit hat deswegen zum Ziel, 
sekundäre Sukzessionsprozesse auf ungestörten und gestörten Terrassen auf ganz Sizilien zu 
beschreiben. Dabei habe ich mich darauf konzentriert, die involvierten Pflanzengemeinschaften  
a) floristisch und strukturell und b) in ihrer Artendiversität zu beschreiben. Außerdem konnten durch die 
ökologische Interpretation der gesammelten Vegetationsdaten die Zusammenhänge zwischen den 
Umweltfaktoren und dem Störungsregime einerseits und der Präsenz bestimmter 
Pflanzengemeinschaften, einzelner Pflanzenarten und der Artendiversität andererseits hergestellt 
werden. 
Um diese Aussagen treffen zu können, wurden 129 Vegetationsaufnahmen (sensu Braun-Blanquet) auf 
aufgegebenen Terrassen in fünf der meist terrassierten Gebiete auf Sizilien durchgeführt: 1) auf den 
Äolischen Inseln, 2) auf der Insel Pantelleria, 3) auf dem Ätna, 4) in den Bergen von Palermo und 5) in 
den Iblei-Bergen. Die ersten drei dieser Gebiete werden durch Vulkangestein charakterisiert, während in 
den letzten beiden Kalkgesteine vorherrschen. Die Aufnahmeflächen unterschieden sich außerdem 
durch ihre bioklimatische Zugehörigkeit, den Aufgabezeitpunkt und durch die auf sie einwirkenden 
Störungen.  
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Der bioklimatische Thermotyp und Ombrotyp wurden durch thematische Karten für jede 
Aufnahmefläche bestimmt. 
Der Aufgabezeitpunkt wurde durch Luftaufnahmen aus den Jahren 1955, 1968, 1987, 1992, 2000 und 
2002 bestimmt. Jeder Aufnahmefläche wurde eine von sechs verschiedenen Aufgabealter-Klassen 
zugeordnet: Klasse 1 = noch heute bewirtschaftete Flächen; Klasse 2 = im Jahr 2002 noch 
bewirtschaftet, also seit nicht mehr als 4 Jahren aufgegeben; Klasse 3 = im Jahr 1987 noch 
bewirtschaftet, also seit 5-20 Jahren aufgegeben; Klasse 4 = im Jahr 1968 noch bewirtschaftet, also seit 
20-40 Jahren aufgegeben; Klasse 5 = im Jahr 1955 noch bewirtschaftet, also seit 40-50 Jahren 
aufgegeben; Klasse 6 = im Jahr 1955 schon aufgelassen, also seit über 50 Jahren aufgegeben. 
Die auf die Vegetation der Terrassen einwirkenden Störfaktoren wurden im Feld erfasst und jeder 
Fläche wurde einer von 4 Störfaktor-Status (i.e. Auftreten/Nicht-Auftreten und Art eines Störfaktors) 
zugeordnet: 1) Brand, 2) Beweidung, 3) Pflügen (i.e. noch bewirtschaftete Flächen) und 4) ungestörte 
Flächen. 
Nur aufgegebene Wein- und Getreidefelder wurden als Aufnahmeflächen ausgewählt, während keine 
Aufnahmen in aufgelassenen Baumkulturen gemacht wurden, da davon ausgegangen werden kann, 
dass sekundäre Sukzessionsprozesse darin durch die vorhandenen Kulturbäume modifiziert werden. 
Jede Aufnahmefläche hatte eine Größe von 50 m2. 
Die Auswertung der Diversitätsdaten per t-test und ANOVA zeigten, daß die Diversität vaskulärer 
Pflanzen mit dem Störungsfaktor-Status und den abiotischen Faktoren (vor allem geologisches 
Substrat) variiert. Vor allem Beweidung erhöht die Artenanzahl, da die Aktivität der Tiere einige 
Mikrostandorte schafft, die sonst in den Brachen nicht existieren würden (offener Boden, kleinräumige 
Nährstoffgradienten durch Exkremente). In diesen Mikrostandorten können sich Therophyten-
Gemeinschatfen ansiedeln, die andernfalls mit der Zeit aus der Brache verschwinden würden. Die 
Auswertung zeigt außerdem, daß die Artenzahlen auf Kalkgestein höher sind als auf Vulkangestein. 
Als zweiter Schritt der Datenauswertung wurde unter Anwendung von Kruskal-Wallis ANOVA 
untersucht, ob einige der in den Brachen angetroffenen Arten als Indikatorarten für Brand- oder 
Beweidungseinflüsse angesehen werden können. Nur für zwei der 13 getesteten Arten konnte dies 
bejaht werden. Auf Kalkgestein zeigt das Gras Ampelodesmos mauritanicus signifikant höhere 
Deckungswerte unter Brandeinfluss, während auf Vulkangesteinen Cistus spp. durch Feuer begünstigt 
werden. 
Im dritten Auswertungsschritt wurden die Vegetationsaufnahmen mit Hilfe von DCA und TWINSPAN 
untersucht. Daraus resultierten 14 Aufnahmegruppen (= Cluster), die nachfolgend zum besseren 
Verständnis der Pflanzengemeinschaften und ihrer dynamischen Verbindungen genutzt wurden. Mit 
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demselben Ziel wurde außerdem die in jedem Cluster vorherrschende Physiognomie der enthaltenen 
Pflanzengemeinschaften aus den vorhandenen Strukturdaten bestimmt (Artdominanzen und 
prozentueller Anteil mehrjähriger Kräuter und Gräser und der Holzarten). 
Vom floristischen Standpunkt aus gesehen sind die Pflanzengemeinschaften, die die sekundäre 
Sukzession auf sizilianischen Terrassen ausmachen, relativ verschieden, sowohl zwischen als auch 
innerhalb der fünf Aufnahmegebiete. Die DCA zeigte, dass dies hauptsächlich den Unterschieden im 
geologischen Substrat und Bioklima zuzuschreiben ist. Außerdem wird die Vegetation stark vom 
Aufgabezeitpunkt und dem Störungsfaktor-Status beeinflusst, wobei diese beiden Faktoren 
entgegengesetzte Auswirkungen auf die Struktur der Pflanzengemeinschaften haben. Wenn die 
Sukzessionsvorgänge ungestört ablaufen, werden die Brachen relativ schnell (innerhalb von 30-50 
Jahren) von Macchia-Gemeinschaften besiedelt. Wo Feuer mit geringer Frequenz auftreten, wird die 
Struktur der Vegetation davon nicht beeinträchtigt, da die meisten mediterranen Busch- und Baumarten 
nach Bränden mehr oder weniger schnell wieder austreiben. Häufige Brände hingegen blockieren die 
Sukzessionsvorgänge, so dass die Vegetation für Jahrzehnte Dauergesellschaften (steady states) 
ausbilden kann (Ampelodesmos mauritanicus-Grasland auf Kalkgestein, Cistus spp. Garrigua auf 
Pantelleria und Brachypodium retusum-Grasland auf den Äolischen Inseln). Im Fall von intensiver 
Beweidung bestehen diese Dauergesellschaften aus krautigen Pflanzen, die von nur wenigen Büschen 
durchsetzt werden, welche sich durch ihre Dornen oder Ungenießbarkeit auszeichnen. Die 
Deckungswerte dieser Holzpflanzen steigen mit abnehmender Beweidungsintensität. 
Die Schnelligkeit der Sukzessionsvorgänge auf ungestörten Terrassen wird vor allem durch den 
Bodenkörper der Terrasse hervorgerufen, welcher im Gegensatz zu den weniger mächtigen Böden auf 
nicht-terrassierten Hängen einen beachtlichen Wasserspeicher darstellt, aber auch durch die 
Terrassenmauer, welche als Ausbreitungszentren und als die Einwanderung von Holzgewächsen 
favorisierender Mikrostandort angesehen werden kann. 
 
Der zweite Teil der vorliegenden Arbeit beschäftigt sich mit den Mechanismen, die die Sukzession 
vorantreiben, und - genauer formuliert - mit den Mechanismen der Einwanderung von Holzgewächsen 
in die Terrassen-Brachen. 
In einem ersten Unterkapitel prüfe ich die Existenz zweier dieser Mechanismen: 1) den 
Nachbarschaftseffekt und 2) den Safe site-Effekt. Ersterer beschreibt die Hypothese, dass Brachen, die 
von älteren Sukzessionsstadien umgeben sind, schnelleren Sukzessionsvorgängen unterliegen als 
solche, die nur von Brachen ihres eigenen Aufgabezeitpunktes umgeben sind. Der zweite Term 
umschreibt die Hypothese, dass eine Brache, in der sich viele safe sites für die Einwanderung von 
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Holzgewächsen befinden, schnelleren Sukzessionsvorgängen unterliegen als solche, in denen wenige 
dieser safe sites vorkommen. Ein safe site ist definiert als ein Mikrostandort, dessen 
Umweltbedingungen das Überleben einer Diaspore, ihre Keimung und das Überleben von Keimlingen 
begünstigen. 
Die Existenz dieser beiden Effekte wurde durch 51 Transekt-Aufnahmen nachgewiesen, die insgesamt 
aus 357 Unteraufnahmen bestanden. Diese Transekte wurden in Brachen durchgeführt, wo 1) ein 
älterer Nachbar (i.e. ein vorangeschrittenes Sukzessionsstadium mit Macchia-Vegetation) direkt im 
Anschluss an die Brache präsent war und 2) kein älterer Nachbar im Abstand von 100 m im Umfeld der 
Brache präsent war.  
In jeder der 7 Unteraufnahmen (1x1m) eines Transekts wurde eine vereinfachte Vegetationsaufnahme 
durchgeführt. Außerdem wurden die vorkommenden Individuen von Holzgewächsen gezählt, indem 
Keimlinge, Jungpflanzen und ausgewachsene Pflanzen getrennt aufgenommen wurden. Für jedes 
Holzindividuum wurde außerdem notiert, ob es innerhalb des Einflussbereichs eines potentiellen safe 

site wuchs oder nicht. Als potentielle safe sites wurden die ehemaligen Wein-Kulturpflanzen und die 
Mauerbasis gewertet. 
Die Auswertung der Daten mit Kruskal-Wallis ANOVA und dem Mann-Whitney-Test bestätigten die 
Existenz des Nachbarschaftseffekts und des safe site-Effekts. Außerdem wurde aufgezeigt, dass Tiere 
als Ausbreitungsvektoren diese Effekte sehr stark beeinflussen. Was den Nachbarschaftseffekt betrifft, 
ist hierfür die Ausbreitungsdistanz der Diasporen der entscheidende Faktor, da als eine grundlegende 
Regel gilt, dass der Diasporenregen mit zunehmender Distanz von der Quelle abnimmt. Auf Pantelleria 
sind Vögel und Kaninchen die einzigen Ausbreitungs-Vektoren, die Diasporen über mehr als 100 m 
transportieren können. 
Für den safe site-Effekt hingegen sind zwei Faktoren entscheidend: 1) Passive Facilitation (i.e. dadurch, 
dass Tiere gewisse Habitate öfter aufsuchen als andere, lassen sie heterogene Diasporenregen-Muster 
entstehen) und 2) aktive Facilitation (i.e. der positive Einfluss eines existierenden hölzernen oder 
krautigen Pflanzenindividuums auf das Überleben oder den Wuchs eines anderen 
Pflanzenindividuums). Weinpflanzen werden zu safe sites für Holzgewächse, weil sie von Vögeln als 
Sitz- oder Ruhepunkte und von Säugetieren zum Schutz genutzt werden und so einem höheren 
Diasporenregen ausgesetzt sind als die offenen Mikrostandorte einer Brache. Hinzu kommt, dass die 
Weinpflanzen durch ihre Blätter und den Umstand, dass sie von Landwirten in eine extra ausgehobene 
Mulde gepflanzt wurden, den Hitze- und Trockenstress für Samen und Keimlinge reduzieren.  
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Auch an der Mauerbasis herrschen mildere klimatische Bedingungen vor als auf den offenen Flächen in 
einer Brache, deshalb ist auch sie ein safe site. Passive Facilitations-Mechanismen werden an der 
Mauerbasis allerdings mehr durch Säugetiere bestimmt als durch Vögel. 
Als allgemeine Schlussfolgerung dieses Teils der Arbeit kann gesagt werden, dass die Schnelligkeit der 
sekundären Sukzession auf Pantelleria ausbreitungs-limitiert, ist da die safe sites in einer Brache in den 
meisten Fällen nicht gesättigt werden. 
 
Das zweite Unterkapitel des zweiten Teils der vorliegenden Arbeit beschreibt die 
Besiedlungswahrscheinlichkeiten verschiedener Mikrostandorte einer Terrassen-Brache durch Quercus 

ilex L. (Steineiche). Hierfür wurde das Diasporen-Angebot von Quercus ilex durch das Pflanzen von 
Eicheln manipuliert. Dieser Teil der Arbeit hatte zum Ziel herauszufinden, ob es Mikrostandorte in einer 
Brache gibt, die die Besiedlung durch die Steineiche begünstigen.  
Im November 2004 wurden die Eicheln in fünf verschiedenen Mikrostandorten auf einem nord-
exponierten Hang und auf einem süd-exponierten Hang vergraben: 1) unter überlebenden 
Weinpflanzen, 2) an der Mauerbasis, 3) unter dem Blätterdach einzeln wachsender Büsche, 4) 
zwischen kleinen Steinanhäufungen und 5) in den offenen Flächen der Brache (i.e. außerhalb des 
Einflussbereichs der vorher erwähnten Mikrostandorte). In monatlichen Kontrollgängen wurden die 
Keimung (erfasst als das Erscheinen eines Keimlings an der Bodenoberfläche), das Überleben, das 
Wachstum und die Anzahl der Blätter der Keimlinge notiert. Außerdem wurden im April und Juli die 
Lufttemperatur und die relative Luftfeuchte der verschiedenen Mikrostandorte gemessen. 
Die meisten Keimungen wurden im April und Mai 2005 registriert; die Keimungsrate am Ende des 
Experiments (September 2006) betrug 52.4% aller vergrabenen Eicheln (n = 1.020). Auf dem Südhang 
(S) keimten mehr Eicheln (59.8%) als auf dem Nordhang (N; 45.0%). Außerdem wurden mehr 
Keimungen unter den Weinpflanzen und an der Mauerbasis registriert als in den anderen 
Mikrostandorten der Brachen. 
Am Ende des Experiments waren 45.3% aller Keimlinge noch am Leben (29.2% auf N, 58.9% auf S). 
Der Rest war entweder während der Sommertrockenheit (Sommer 2005 und 2006) vertrocknet oder der 
Prädation durch Kaninchen und Nagetiere zum Opfer gefallen. Die Überlebensrate war höher unter den 
Weinpflanzen und an der Mauerbasis als in den offenen Flächen der Brachen. Dieser Effekt war stärker 
auf dem Nordhang als auf dem Südhang. 
Die Größe und die Blattanzahl der Keimlinge war unter den Weinpflanzen höher als in den anderen 
Mikrostandorten. Allerdings war dies nur auf dem Nordhang so. Zwischen den Steinanhäufungen waren 
die Keimlinge hingegen höher und hatten mehr Blätter auf S als auf N. 
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Andere Arbeiten über Quercus ilex beschreiben, dass die Vitalität der Eicheln, ihre Keimung und das 
Überleben der Keimlinge von schattigen, feuchten und frischen Bedingungen begünstigt wird. So 
zeigten dann auch die Temperatur- und Luftfeuchte-Messungen, dass an der Mauerbasis, unter 
Weinpflanzen und unter den isoliert wachsenden Büschen die abiotischen Bedingungen milder sind als 
in den offenen Flächen einer Brache. Die Büsche wurden von den eben beschriebenen Ergebnissen 
des Eichel-Experiments wohl deswegen nicht als safe site erkannt, weil sie erhöhte Keimlings-Prädation 
aufweisen, da die Prädatoren unter ihnen Schutz finden. 
Dennoch, auch wenn Temperatur und Luftfeuchte eine wichtige Rolle für die Keimung und das 
Überleben von Quercus ilex spielen, so erklären sie doch nicht in einheitlicher Weise die Unterschiede 
zwischen den verschiedenen Mikrostandorten. Der entscheidendere Parameter hierfür ist 
wahrscheinlich die Bodenfeuchte, da bekannt ist, daß junge Quercus ilex-Individuen sehr sensibel auf 
Wasserstress reagieren. 
Das bisher Gesagte gilt auch wenn die Keimungs- und die Überlebensrate auf S höher sind als auf N, 
denn im Gegensatz zu dem, was man erwartet hätte, zeigten die Messungen der Umweltfakoren, dass 
auf dem Südhang mildere Bedingungen herrschten als auf dem Nordhang. Dies könnte durch 
Unterschiede im Mesoklima hervorgerufen werden, die zum Beispiel durch Wind entstehen können, 
welcher auf Pantelleria ein sehr wichtiger Klimafaktor ist. 
 
Im abschließenden Teil der Arbeit wird die Bedeutung der Resultate für den Schutz von 
Terrassenlandschaften und für den Erhalt der Biodiversität in ihnen diskutiert. In aufgelassenen 
Landschaften kann der Artenreichtum auf lange Sicht nur durch eine periodische Wiederinkulturnahme 
und Wiederauflassung gesichert werden, was ein Mosaik aus bewirtschafteten Feldern und jungen, 
mittleren und alten Sukzessionsstadien schaffen würde. Die Analyse des Nachbarschaftseffekts und 
des safe site-Effekts erlauben einige Bemerkungen zum räumlichen Design eines solchen Mosaiks, da 
sie Aufschluss darüber geben, wann und wie am besten zu intervenieren ist. Es werden einige Beispiele 
dargestellt, wie die Resultate der vorliegenden Arbeit angewandt werden können, bei denen der 
entscheidende Faktor stets der Beschleunigungsfaktor der Gehölz-Besiedlung durch ältere Nachbarn 
und durch safe sites ist. Außerdem wird für solche Terrassengebiete, in denen solch ein Mosaik nicht 
zur Anwendung kommt, ein Vorschlag gemacht, wie man die Terrassenstrukturen erhalten könnte, auch 
wenn die Flächen aufgelassen sind: Da es scheint, dass Terrassenmauern unter Wäldern stabil sind, 
könnte eine schnelle, ungestörte Sukzession der Schlüssel für den Erhalt von Terrassenlandschaften 
sein. Wo es an Diasporenquellen fehlt, könnte eine extensive Aufforstung mit Quercus ilex eine Lösung 
sein. 
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7.3 Riassunto 
Nell'Europa mediterranea i paesaggi terrazzati possono essere riscontrati in cui 1) l'orografia è 
caratterizzata da colline o montagne, 2) vi è un'elevata percentuale di affioramenti rocciosi e 3) il 
bisogno di prodotti agricoli era piuttosto elevato per le comunità umane sino al recente passato. Durante 
l'ultimo secolo, molti di questi territori sono stati abbandonati perché non idonei alla meccanizzazione, 
all'intensificazione delle pratiche agricole e a causa di una generale tendenza all'abbandono delle 
colture verificatasi su ampie aree del territorio europeo. 
Giacché con l’abbandono delle colture hanno inizio i processi della successione, le comunità animali e 
vegetali connesse con gli agro-ecosistemi vengono sostituite da altre specie che trovano invece il loro 
habitat ottimale negli stadi della successione progressiva. In Europa questo processo è stato 
ampiamente studiato per alcuni agro-ecosistemi, ma non in quelli terrazzati. A livello europeo, infatti, 
esiste poca letteratura, in Italia ancora meno e praticamente nulla è noto circa il dinamismo dei 
terrazzamenti abbandonati siciliani, che sono l'argomento del presente studio. 
Nella mia tesi di laurea ho descritto i processi di successione secondaria in atto sui terrazzamenti 
indisturbati dell'isola di Pantelleria (Canale di Sicilia). Tuttavia, in gran parte della Sicilia fattori di 
disturbo quali gli incendi e il pascolo sono frequenti. Pertanto, per conoscere quali sono i processi di 
successione secondaria della vegetazione sui terrazzamenti disturbati e indisturbati della Sicilia, scopo 
principale del presente studio, si è scelto di ampliare la prospettiva d'indagine. I risultati di questo 
progetto di ricerca sono presentati nella prima parte del presente studio, focalizzando l'attenzione sulla 
descrizione delle comunità vegetali coinvolte nei processi di successione secondaria a) da un punto di 
vista floristico-strutturale e b) sotto il profilo della ricchezza di specie. Inoltre, l'interpretazione ecologica 
dei dati vegetazionali raccolti permette di descrivere i nessi tra comunità vegetali, singole specie 
vegetali e valori di fitodiversità da un lato e fattori ambientali e regime di disturbo dall'altro. 
Per ottenere questi risultati, sono stati effettuati 129 rilievi della vegetazione (sensu Braun-Blanquet) nei 
terrazzamenti abbandonati di cinque delle principali aree terrazzate della Sicilia: 1) Isole Eolie, 2) 
Pantelleria, 3) M. Etna, 4) Monti di Palermo e 5) Altipiano Ibleo. Le prime tre aree condividono substrati 
vulcanici, mentre le aree di rilevamento delle ultime due aree sono caratterizzate da calcari. Le aree di 
rilevamento differivano anche per bioclima, età d'abbandono e status del disturbo. 
A proposito del bioclima, il termotipo e l'ombrotipo sono stati assegnati sulla base delle carte tematiche 
disponibili. L'età di abbandono è stata verificata tramite la fotointerpretazione delle strisciate relative agli 
anni 1955, 1968, 1987, 1992, 2000 and 2002. In questo modo, le diverse aree di rilevamento sono state 
attribuite a sei classi differenti in base all'età di abbandono: Classe 1 = tuttora coltivato; Classe 2 = 
ancora coltivato nel 2002, dunque abbandonato non più di 4 anni fa; Classe 3 = ancora coltivato nel 
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1987, pertanto abbandonato circa 5-20 anni fa; Classe 4 = ancora coltivato nel 1968, quindi 
abbandonato circa 20-40 anni fa; Classe 5 = ancora coltivato nel 1955, cioé abbandonato circa 40-50 
anni fa; Classe 6 = già abbandonato nel 1955, abbandonato da oltre 50 anni. 
Inoltre, sono stati identificate quattro tipologie di aree di rilevamento in base allo status del disturbo (cioé 
presenza/assenza e origine): 1) bruciate, 2) pascolate, 3) arate, dunque ancora coltivate e 4) 
indisturbate. 
Sono state considerate aree idonee al rilevamento solo i vigneti o i seminativi asciutti abbandonati, 
mentre tutte le colture arboree sono state escluse, giacché si può supporre che i processi di 
successione secondaria sono modificati dalla presenza di alberi negli incolti. Le aree di rilevamento 
selezionate avevano tutte una superficie di 50 m2. 
I risultati della valutazione della ricchezza specifica mediante t-test e ANOVA hanno evidenziato che la 
fitodiversità è legata al regime di disturbo ed ai fattori abiotici (soprattutto la natura del substrato 
geologico). In particolare, il pascolo accresce la ricchezza specifica, giacché l'attività del bestiame crea 
diversi micrositi all'interno degli incolti che mancherebbero del tutto se non ci fossero gli animali (es.: 
suolo nudo, microgradienti di nutrienti dovuti agli escrementi). In tali micrositi possono stabilirsi diverse 
comunità terofitiche. È emerso inoltre chiaramente come la ricchezza specifica sui calcari sia maggiore 
che su quelli vulcanici. 
Come seconda fase di elaborazione dei dati, è stato verificata la presenza di eventuali nessi tra la 
presenza-dominanza di certe specie vegetali e il disturbo da fuoco e/o pascolo, comparando i loro valori 
di copertura tramite Kruskal-Wallis One Way ANOVA on Ranks. Solo due delle 13 specie esaminate 
sono risultate essere delle buone indicatrici. Su substrati carbonatici, Ampelodesmos mauritanicus ha 
mostrato un aumento statisticamente significativo dei valori di copertura in relazione al disturbo da 
incendio. Analogamente, su substrati vulcanici Cistus spp. diventano dominanti in presenza di fuoco. 
In una terza tappa, i rilievi della vegetazione sono stati analizzati con DCA e TWINSPAN. I diversi 14 
cluster in cui risultano raggruppati i rilievi effettuati hanno facilitato l'interpretazione delle comunità 
vegetali e per verificarne i rapporti dinamici. Per descrivere la fisionomia della vegetazione di ciascun 
cluster sono stati utilizzati tutti i dati strutturali disponibili (dominanza, % copertura delle specie erbacee 
perenni e delle specie legnose). 
Da un punto di vista floristico, sono emerse forti differenze tra le comunità vegetali coinvolte nei 
processi di successione secondaria sui terrazzamenti siciliani; tale differenze sono state registrate sia 
tra le sia all'interno delle cinque aree di studio. Come evidenziato dalla DCA, ciò dipende soprattutto 
dalle diverse condizioni edafiche e bioclimatiche. Inoltre, la vegetazione è fortemente influenzata dall'età 
di abbandono e dallo status del disturbo, ed entrambi giocano un ruolo antitetico nel modellarne la 
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struttura. Se nessuna forma di disturbo ostacola la successione, le comunità vegetali evolvono piuttosto 
rapidamente (30-50 anni) sino a formare comunità di macchia. Se il fuoco non è un evento frequente, 
esso non altera la struttura della vegetazione, poiché buona parte degli alberi ed arbusti mediterranei 
ricacciano più o meno rapidamente in risposta agli incendi. Se gli incendi occorrono frequentemente, la 
successione secondaria risulta bloccata, cosicché la vegetazione resta per decenni in condizioni di 
“stato stazionario” (praterie ad Ampelodesmos mauritanicus su substrati carbonatici, gariga a Cistus 
spp. a Pantelleria e praterie a Brachypodium retusum alle Isole Eolie). Dove il pascolo è molto intenso, 
lo stato stazionario si presenta come una comunità di specie erbacee con pochi individui di specie 
legnose spinose o velenose. In condizioni di pascolo moderato, invece, è stata registrata una maggiore 
copertura di specie legnose.  
La rapidità con la quale i processi di successione secondaria agiscono nei terrazzamenti indisturbati 
dopo l'abbandono dipende per lo più dalle caratteristiche del suolo del terrazzamento, che contiene una 
significativa riserva d'acqua rispetto ai suoli dei pendii non terrazzati, al muretto al limite superiore della 
terrazza, che sembra agire da centro di dispersione e come microsito favorevole per la colonizzazione 
da parte delle specie legnose. 
 
La seconda parte del presente lavoro è rivolta allo studio dei fattori che guidano la successione 
secondaria e, più in dettaglio, ai meccanismi di colonizzazione degli incolti da parte delle specie 
legnose. 
In una prima sezione, è stata verificata l'esistenza di due di questi meccanismi: 1) "l'effetto della 
vicinanza" (neighbourhood effect) e 2) l'effetto safe site. La prima espressione si riferisce all'ipotesi che 
gli incolti circondati da stadi avanzati della successione sono soggetti ad un'invasione più rapida da 
parte delle specie legnose rispetto a quelli circondati da incolti con uguale età di abbandono. D'altro 
canto, l'espressione "effetto safe site" descrive l' ipotesi che un incolto caratterizzato da un numero 
elevato di safe site è colonizzato più velocemente da parte delle specie legnose rispetto a quelli poveri 
di siti simili. Un safe site può essere definito come l'insieme delle condizioni ambientali che - alla scala 
di un singolo seme - ne facilitano la sopravivenza, la germinazione e l'attecchimento. 
L'esistenza di questi due effetti è stata comprovata dai risultati frutto di 51 transetti, costituiti da 357 
rilievi eseguenti in altrettante sotto-unità di rilevamento. I transetti sono stati seguiti su due tipologie 
diverse di campi-bersaglio: 1) incolti immediatamente adiacenti al campo in esame abbandonati da un 
più lungo tempo (stadio di successione maturo caratterizzato da comunità di macchia) e 2) con incolti 
abbandonati da più tempo assenti nel raggio di 100 m. In ciascuno delle sette sotto-unità di rilevamento 
(1×1 m) di un transetto, è stato effettuato un rilevamento semplificato della vegetazione, e tutti gli 
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individui delle specie legnose sono stati contati, prendendo nota dei semenzali, delle plantule e degli 
adulti separatamente. Inoltre, per ciascun individuo si è controllato se vegetasse sotto l'influenza di un 
safe site o no. Sono stati inclusi tra i potenziali safe site le piante di vite precedentemente coltivate e la 
base del muro superiore del terrazzamento. 
L'elaborazione dei dati attraverso Kruskal-Wallis ANOVA e Mann-Whitney Rank Sum Test ha 
confermato l'esistenza sia del effetto della vicinanza sia del effetto safe site. Inoltre, è stato mostrato 
che gli animali influiscono fortemente su tali effetti in quanto agenti di dispersione e di predazione. Per 
quanto concerne l’effetto della vicinanza, la distanza coperta durante la dispersione costituisce il punto 
cruciale, poiché si può affermare che in generale le pioggia di semi diminuisce al crescere della 
distanza dalla fonte dei semi stessi. A Pantelleria si è verificato come solo gli uccelli e i conigli siano in 
grado di trasportare i semi delle specie della macchia a distanze >100 m. 
Per quanto concerne invece il effetto safe site, i principali meccanismi sono: 1) facilitazione passiva (i.e. 
gli animali inducono una certa eterogeneità della pioggia di semi perché spesso essi prediligono certi 
microhabitat più di altri) e 2) facilitazione attiva (i.e. influenza positiva di un vegetale erbaceo o legnoso 
sull'attecchimento e/o la crescita di un'altra). Le piante di vite fungono da safe site per le specie legnose 
perché forniscono strutture d'appoggio per gli uccelli e uno scudo protettivo per diversi mammiferi; esse, 
pertanto, sono caratterizzate da una pioggia di semi più elevata rispetto agli ambienti aperti di un campo 
abbandonato. Inoltre, la loro chioma e le depressioni artificiali del terreno in cui esse vengono piantate 
riducono gli stress termo-idrici e, pertanto, inducono un aumento percentuale del tasso della 
germinazione e della sopravvivenza dei semenzali. Anche la base del muro posto lungo il margine 
superiore del terrazzo offre condizioni microclimatiche più miti. Più che gli uccelli, alla base dei muri 
sono i mammiferi i principali responsabili della facilitazione passiva. 
Come conclusione generale, si può affermare che l'andamento della successione secondaria di 
Pantelleria è condizionato dalle modalità di dispersione, giacché i safe site in un incolto terrazzato non 
sono saturati. 
 
La seconda sezione dell'analisi delle forze-guida della successione descrive il diverso tasso di 
attecchimento di Quercus ilex L. in differenti micrositi sugli incolti terrazzati. Questa analisi è stata 
realizzata manipolando il quantitativo di semi in entrata attraverso la semina diretta di ghiande; essa 
mirava a verificare se negli incolti esistono effettivamente dei micrositi che favoriscono l'attecchimento 
del leccio più di altri. 
Nel novembre del 2004, le ghiande sono state interrate sia su terrazzamenti esposti a Nord sia su 
terrazzamenti esposti a Nord in cinque differenti micrositi: 1) sotto le piante di vite, 2) alla base dei muri 
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posti lungo il limite superiore del terrazzo, 3) sotto la chioma di arbusti isolati, 4) all'interno di piccoli 
cumuli di pietre e 5) in spazi aperti (cioé fuori da tutti i micrositi succitati). Successivamente è stato 
realizzato il controllo mensile di diversi parametri quali-quantitativi relativi ai semenzali: emergenza, 
sopravvivenza, altezza e numero di foglie. Inoltre, nei mesi di Aprile e Luglio del 2006 è stato registrato 
l'andamento dei valori di temperatura e umidità dell'aria nei diversi micrositi nell'arco di 24 ore. 
La maggior parte dei semenzali è emersa durante il bimestre Aprile-Maggio 2005; il tasso complessivo 
di emergenza è stato pari a 52.4% del totale delle ghiande seminate (n = 1.020). Sul versante esposto a 
Sud è emerso un numero maggiore (S; 59.8%) di semenzali rispetto al versante esposto a Nord (N; 
45.0%). L'emergenza si è rivelata più alta per le ghiande sepolte sotto le piante di vite e alla base dei 
muri posti lungo il limite superiore del terrazzo piuttosto che negli altri micrositi analizzati. 
Al termine dell'esperimento (Settembre 2006), 45.3% di tutti i semenzali emersi era ancora in vita 
(29.2% sul versante esposto a Nord, 58.9% su quello esposto a S). Il resto erano morti soprattutto a 
causa del disseccamento dovuto allo stress termo-idrico estivo del 2005 e del 2006, ma anche per via 
della predazione dei semi ad opera dei conigli e dei roditori. Si è registrato un tasso di sopravvivenza 
più elevato sotto le piante di vite e alla base dei muri posti lungo il limite superiore del terrazzo rispetto 
agli spazi aperti degli incolti. Ancora una volta, il versante esposto a Sud è risultato più favorevole 
rispetto a quello esposto a Nord. 
I valori relativi all'altezza e al numero delle foglie dei semenzali sono risultati più alti sotto le piante di 
vite che non negli altri micrositi (solo sul versante esposto a Nord). Tra i cumuli di pietre, i semenzali 
sono cresciuti più alti e con più foglie negli incolti esposti a Sud che non in quelli esposti a Nord. 
In base ai dati disponibili in letteratura, è noto che la vitalità e la germinabilità dei semi e il tasso di 
sopravvivenza dei semenzali di Quercus ilex sono favorite da condizioni di ombreggiamento, umidità e 
da temperature non troppo elevate. Le misure effettuate sulle temperature e l'umidità dell'aria hanno 
mostrato che alla base dei muri posti lungo il limite superiore del terrazzo, sotto le piante di vite e sotto 
gli arbusti isolati le condizioni ambientali sono più miti rispetto a quanto registrato negli ambienti aperti. 
Nel complesso però gli arbusti non risultano favorire la sopravvivenza dei semenzali; ciò è dovuto 
probabilmente all'elevato tasso di predazione, giacché la loro copertura costituisce un rifugio preferito 
da parte dei predatori di semenzali (conigli e roditori). 
Sebbene la temperatura e l'umidità relativa dell'aria sembrino giocare un ruolo importante per 
l'emergenza e la sopravvivenza dei semenzali di Quercus ilex, tali fattori non hanno permesso di 
spiegare in modo univoco le differenze registrate tra i diversi micrositi. Un fattore di rilevante importanza 
è probabilmente l'umidità del suolo, poiché è noto dalla letteratura che Quercus ilex è sensibile allo 
stress idrico durante la sua fase di attecchimento. 
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Le osservazioni su esposte restano valide anche se il tasso di emergenza e di sopravvivenza è risultato 
più elevato sul versante esposto a Sud che non in quello esposto a Nord. Contrariamente a quanto ci si 
attendeva, le misure effettuate hanno mostrato che il versante esposto a Sud era caratterizzato da 
condizioni più miti rispetto a quello esposto a Nord. La causa di questi risultati può essere addotta a 
differenze nel mesoclima, ad esempio dovute al vento che gioca un ruolo importante a Pantelleria. 
 
Nella parte conclusiva del presente studio si discute sulle possibili ricadute pratiche dei dati ottenuti ai 
fini della conservazione del paesaggio e della gestione della biodiversità. Nelle aree abbandonate, a 
lungo termine la ricchezza specifica può essere conservata solo da un periodico alternarsi messa in 
coltura/abbandono dei terrazzamenti, creando e mantenendo in questo modo un mosaico di terreni 
coltivati, e stadi iniziali, intermedi e avanzati della successione progressiva. L'analisi del effetto di 
vicinanza e del effetto safe site permette di fare alcune considerazioni sulla struttura spaziale che 
bisognerebbe conferire a tale mosaico, e, più in dettaglio, può suggerire quando e come intervenire. 
Vengono forniti alcuni esempi sul possibile utilizzo dei risultati ottenuti, ponendo in evidenza il ruolo di 
"catalizzatori" dell'accrescimento della copertura legnosa giocato sia dalla presenza di incolti vicini più 
evoluti sia dalla presenza di safe site. Inoltre, per le aree terrazzate in cui tale mosaico non dovesse 
essere realizzato, si propone come preservare la struttura delle terrazze anche dopo l'abbandono: 
giacché i muretti sembrano di risultare stabili sotto una copertura boschiva, una successione secondaria 
rapida e indisturbata potrebbe essere la chiave di volta per conservare i sistemi di terrazzamenti. Dove i 
centri di dispersione di specie legnose sono assenti, il rimboschimento mediante semina estensiva di 
ghiande di Quercus ilex può essere una soluzione efficace. 
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Fig. 3.8. Location and bioclimatic characterization of the sample plots within the five study areas: A) Aeolian 
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Fig. 3.16. (Photo) Indicator species I. 
Fig. 3.17. (Photo) Indicator species II. 
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Fig. 3.18. DCA of vegetation data: sample ordination diagram (axes 1 and 2). Every relevé is represented by a 
symbol corresponding to its thermotype and its ombrotype. Inset: the same ordination, but symbols 
showing the substrate of each plot. 

Fig. 3.19. DCA of the vegetation data: sample ordination diagram (axes 1 and 2). Every relevé is represented by 
a symbol corresponding to its disturbance status, combined with abandonment age. 

Fig. 3.20. DCA of vegetation data: ordination diagram of all thermomediterranean samples (axes 1 and 2). Every 
relevé is represented by a symbol corresponding in colour to its abandonment age.  

Fig. 3.21. DCA of vegetation data: ordination diagram of all thermomediterranean samples (axes 1 and 2). Every 
relevé is represented by a symbol corresponding in colour to its geological substrate. 

Fig. 3.22. DCA of vegetation data: ordination diagram of all mesomediterranean samples (axes 1 and 2). Every 
relevé is represented by a symbol corresponding in colour to its geological substrate. 

Fig. 3.23. DCA of vegetation data: ordination diagram of all mesomediterranean samples (axes 1 and 2). Every 
relevé is represented by a symbol corresponding in colour to its abandonment age. 

Fig. 3.24. The 14 clusters of vegetation relevés resulting from DCA and from TWINSPAN drawn in the sample 
ordination diagram (axes 1 and 2) of DCA.  

Fig. 3.25. (Photo) Example vegetation in Cluster 1 (I). 
Fig. 3.26. (Photo) Example vegetation in Cluster 1 (II). 
Fig. 3.27. (Photo) Example vegetation in Cluster 2 (I). 
Fig. 3.28. (Photo) Example vegetation in Cluster 2 (II). 
Fig. 3.29. (Photo) Example vegetation in Cluster 3. 
Fig. 3.30. (Photo) Example vegetation in Cluster 4. 
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Fig. 3.37. (Photo) Example vegetation in Cluster 11. 
Fig. 3.38. (Photo) Example vegetation in Cluster 12. 
Fig. 3.39. (Photo) Example vegetation in Cluster 13. 
Fig. 3.40. (Photo) Example vegetation in Cluster 14. 
Fig. 3.41. Scheme of the dynamic connections between the different vegetation clusters (boxes) typical to the 

terraced areas of the Circumsicilian volcanic islands under thermomediterranean climate. 
Fig. 4.1. Scheme of the neighbourhood concept.  
Fig. 4.2. Photographic example of the neighbourhood effect concept.  
Fig. 4.3. (Photo) The former crop plants of vine (white arrows) and the terrace wall (dashed line) create special 

climatic microsites in an old field. 
Fig. 4.4. Scheme of a transect relevé. 
Fig. 4.5. (Photo) Examples of transect relevés. 
Fig. 4.6. (Photo) A cultivated vine plant grown in a man-made soil depression immediately after rainfall.  
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Fig. 4.7. (Photo) Vine plants can also reduce heat and drought stress for plants growing under their leaf canopy 
by shading. They can reach noteworthy sizes. 

Fig. 4.8. Scheme of a transect relevé. The orange areas represent the potential safe sites. 
Fig. 4.9. (Photo) A vine plant and the schematic example of the inside-safe-site-surface outside-safe-site-surface 

performed by a vine plant. 
Fig. 4.10. (Photo) Schematic example of the safe site surface created by a terrace wall. 
Fig. 4.11. Mean number of woody species individuals in 1 m2 of the transect relevés.  
Fig. 4.12. Mean woody species cover (%) of the transect relevés. 
Fig. 4.13. (Photo) An example of the neighbourhood effect. 
Fig. 4.14. Mean number of woody species individuals in 1m2 of the transect relevés (A vs. BW).  
Fig. 4.15. Mean woody species cover (%) of the transect relevés (A vs. BW).  
Fig. 4.16. Mean number of woody species individuals (and standard deviation) for the single seven subplots of 

the transect relevés. 
Fig. 4.17. Mean woody species cover (%, standard deviation) for the single seven subplots of the transect 

relevés.  
Fig. 4.18. Number of saplings and adults of woody individuals present in in 1 m2 of the transect relevés.  
Fig. 4.19. Number of seedlings saplings of woody individuals present in 1 m2 of the transect relevés. 
Fig. 4.20. Number of woody individuals present in 1 m2 of transect relevé according to dispersal type.  
Fig. 4.21. Number of woody individuals present in 1 m2 of transect relevé according to dispersal category.  
Fig. 4.22. Number of woody species individuals in the different microsites of an old field.  
Fig. 4.23. (Photo) Example of the safe site effect at the wall base. 
Fig. 4.24. (Photo) Example of the safe site effect under vine plants.  
Fig. 4.25. Number of saplings and adults of woody species individuals in the different microsites of an old field.  
Fig. 4.26. Number of seedlings of woody species individuals in the different microsites of an old field.  
Fig. 4.27. Number of woody species individuals in the different microsites of an old field, shown separately for 

zoochorously dispersed species and not zoochorously dispersed species.  
Fig. 4.28. Estimation of dispersal intensity along the distance from source plants for the main dispersers of 

Pantelleria: birds, small mammals (rabbits and rodents), ants and wind. 
Fig. 4.29. (Photo) Vine plants as defecation foci. 
Fig. 4.30. Passages of adult recruitment from a seed.  
Fig. 5.1. (Photo) Quercus ilex acorns vary in their size.  
Fig. 5.2. (Photo) Among all collected acorns only those were chosen for burial which were not attacked by 

parasites, as the acorn in the photo which has been host to an insect’s larvae. 
Fig. 5.3. Scheme of the different microsites and potential safe site types present in an old field.  
Fig. 5.4. (Photo) Examples of three microsites: Vine = Former crop plant vine, Wb = Base of the terrace wall; 

OSSS = outside of any of the formerly cited potantial safe sites 
Fig. 5.5. (Photo) Examples of two microsites: Rock = Accumulation of small rocks; Shrub = isolated shrub. 
Fig. 5.6. (Photo) Temperature and relative humidity measurement in April under a vine plant. 
Fig. 5.7. (Photo) In the “shrub” microsite, temperature und relative humidity measurement was done with the 

datalogger placed between the shrub’s main stem and the terrace wall.  
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Fig. 5.8. (Photo) Position of the dataloggers in the “wall base” microsite.  
Fig. 5.9. (Photo) A Quercus ilex seedling that emerged beyond soil surface just some days ago. 
Fig. 5.10. (Photo) A few weeks old Quercus ilex seedling.  
Fig. 5.11. Percentage of emerged acorns during the period of the experiment (from 16/03/2005 to 14/09/2006).  
Fig. 5.12. Seedling emergence rate (% of all buried acorns) in the five different safe site types.  
Fig. 5.13. Number of germinated acorns per subplot and safe site type.  
Fig. 5.14. (Photo) Once emerged, the seedlings have to deal with many problems. The main ones are predation 

by rodents, which may reduce the seedling only to a bit of its shoot, and heat and drought stress, 
which may lead to their drying up. 

Fig. 5.15. Number of living seedlings (in terms of percentage from all buried acorns) during the period of the 
experiment (from 16/03/2005 to 14/09/2006).  

Fig. 5.16. Number of living seedlings (in terms of percentage from the germinated acorns) during the period of the 
experiment (from 16/03/2005 to 14/09/2006).  

Fig. 5.17. Seedling survival rate (% of all buried acorns and % of all emerged acorns) in the five different safe site 
types. 

Fig. 5.18. Number of survived seedlings per subplot and safe site type.  
Fig. 5.19. (Photo) Under the shading cover of the vine plants, more seedlings survived to summer drought than in 

other safe sites, as for example in OSSS. 
Fig. 5.20. Causes of seedling mortality (%) per safe site type. 
Fig. 5.21. (Photo) Quercus ilex seedlings are able to resprout even if they are only some weeks old when the 

aerial part of the plant was destroyed. 
Fig. 5.22. Number of “resprouted” and “non-resprouted” living seedlings (in terms of percentage from germinated 

acorns) during the period of the experiment (from 16/03/2005 to 14/09/2006).  
Fig. 5.23. (Photo) Within the first weeks of their lifetime, seedlings show a rapid growth in terms of height and 

number of leaves. 
Fig. 5.24. Seedling height in the different safe site types on the North-facing and the South-facing slope.  
Fig. 5.25. Number of seedling leaves in the different safe site types on the North-facing and the South-facing 

slope. 
Fig. 5.26. Air temperature and relative humidity in the different safe site types in April: means of 10-minute values 

recorded under former crop plants of vine and at the base of the terrace wall on the North-facing slope 
and on the South-facing slope. 

Fig. 5.27. Air temperature and relative humidity in the different safe site types in April: means of 10-minute values 
recorded within a small rock accumulation and under isolated shrubs on the North-facing slope and on 
the South-facing slope. 

Fig. 5.28. Air temperature and relative humidity in the open field: means of 10-minute values recorded in April and 
in July on the North-facing slope and on the South-facing slope. 

Fig. 5.29. Air temperature and relative humidity in the different safe site types in July: means of 10-minute values 
recorded under former crop plants of vine and at the base of the terrace wall on the North-facing slope 
and on the South-facing slope. 

Fig. 5.30. Air temperature and relative humidity in the different safe site types in July: means of 10-minute values 
recorded within a small rock accumulation and under isolated shrubs on the North-facing slope and on 
the South-facing slope. 
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Fig. 5.31. Sums of temperature values recorded every 10 minutes in April and July in the five different safe site 
types. 

Fig. 5.32. Water movement within the terrace soil and the terrace wall. 
Fig. 5.33. (Photo) Water availability under vine plants is increased by the rain-collecting man-made soil 

depression in which the vines are planted. 
Fig. 5.34. (Photo) A vine plant at the beginning of April, when new leaves begin to develop. 
Fig. 5.35. (Photo) In contrast, in June the vine plants provide a dense shading leaf canopy. 
Fig. 5.36. (Photo)  Example of a Quercus ilex seedling emerged with two shoots, probably due to the destruction 

of the main shoot already under the soil surface. 
Fig. 5.37. (Photo) Example of the resprouting capacity of a Quercus ilex seedling.  
Fig. 6.1. (Photo) The monorails are an effective transport vehicle for agricultural materials and products and, thus, 

are very important for the recovery of the terraced landscape in the Cinque Terre National Park (Italy). 
Fig. 6.2. To preserve a maximum in biodiversity in terraced landscapes, a mosaic of different succession stages 

is necessary. Nowadays, such mosaics can be found only where abandonment has been a slowly 
ongoing process in the past decades, as on Pantelleria Island (photo). 

Fig. 6.3. The most important questions for the spatial design of a mosaic are when to intervene and how to 
intervene. To answer this question, studies on the velocity of secondary succession processes have to 
be conducted. 

Fig. 6.4. The neighbourhood effect and the safe site effect accelerate woody cover increase about four times in 
comparison to old fields where these effects are absent. 

Fig. 6.5. (Photo) On Pantelleria, young succession stages are characterized by about 0-30% woody species 
cover, while intermediate stages show 30 to 85% woody cover and old succession stages more than 
85% woody cover. 

Fig. 6.6. Acceleration of vegetation dynamics in terms of succession stages due to the neighbourhood effect and 
the safe site effect. 

Fig. 6.7. Presence and absence of the neighbourhood effect and the safe site effect in set A, B and C. Every 
square represents an old field in a determined succession stage or a cultivated field. 

Fig. 6.8. Differing processes of secondary succession occur on a landscape scale when a) neighbourhood and 
safe site effect are present or absent and b) as a function of the spatial distribution of the dispersal 
centers at the beginning of the process. 

Fig. 6.9. The period of time that passes between abandonment and re-set to cultivation is determined by the 
factors neighbourhood effect and safe site effect. As a consequence, re-set in Set B is necessary 
earlier than in Set B and in Set C. 
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