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Abstract - In this study, an analysis of the breeding landbird distribution patterns in the Italian peninsula in
relation to climatic, orographic, and indirectly, to vegetational factors has been carried out.

Data were drawn from the Atlas of Breeding Birds in Italy (Meschini and Frugis, 1993) and arranged in lati-
tudinal bands (LB). Three matrices (species/latitude, species/classes of LB with same bioclimatic
Mediterranean area, species/classes of LB with same altitudinal ranges) were obtained and analyzed with
multivariate statistics.

Comparations with thematic maps at national scale highlight that differences in the species richness among
LB are localized in corrispondence with orographic, bioclimatic, geobotanic, anthropic discontinuities along
the peninsula. .

Results, interpreting the preceding hypotheses on latitudinal changes of species richness, have evidenced
that fauna changes occur at bioclimatic and orographic thresholds. These changes are due, in part, to quan-
titative differences in the number of species among the latitudinal bands, and in part to qualitative differ-
ences which will be investigated in successive works. Floristic and physiognomic-structural changes of
vegetation probably contribute, indirectly, to these.

Climate at macroscale level, orography and vegetation at mesoscale level, may influence the observed
patterns. Thus, a primary role of physical factors and a secondary role of biological ones, is confirmed in

determining the breeding landbird richness patterns in peninsular Italy.

Introduction

The study of distribution patterns of species in penin-
sulas is a promising field of research in biogeography.
This kind of investigation may be considered as part
of the broader study on the spatial distribution of
diversity (Brown 1988).

Simpson (1964) pointed out that, in some peninsulas,
the number of species decreases towards the distal
sections. He suggested that peninsula geometry could
affect, through «extinction-recolonization» balance
dynamics, the observed pattern of species richness
(MacArthur and Wilson 1967, Taylor and Regal
1978). Cook (1969) named this phenomenon the
«peninsular effect». Determinant factors of the penin-
sular effect may vary, according to the group, the
context under study, and the scale of reference. This
led investigators to a more thorough examination of
the subject (Wiggins 1999).

Many controversial hypotheses on the determinant
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factors have been put forward (McCoy and Connor
1980, Kaufman 1995). In peninsulas, besides the
factors indicated by Simpson (1964), orographic,
ecological sensu latu (climatic, vegetational, etc.),
historical-biogeographical, and anthropic factors have
been suggested as main causes of the observed
patterns (e.g., Brown and Opler 1990). These factors
may have a role, in different modalities, also in latitu-
dinal patterns at a continental scale (e.g., Cook 1969,
Kiester 1971, Wilson 1974, Cotgreave and Harvey
1994, Blackburn and Gaston 1996).

Orophysiography and geomorphology, as well as the
reduction of altimetry and of ecological potentialities,
may account for peninsular patterns in some contexts
and for some biological groups (Lee 1980 in Busack
and Hedges 1984, Means and Simberloff 1987,
Schwartz 1988, Vargas et al. 1998).

In interdependence with the previous ones, it is feasi-
ble to add ecological factors, such as climate and
vegetation (the last one intended as patterns of vege-
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tation diversity, as physiognomic-structural modifica-
tions along gradients, as diversity and distribution of
specific habitats, efc.: Cook 1969, Means and
Simberloff 1978, Lee 1980, Due and Polis 1986,
Schwartz 1988, Brown and Opler 1990, Sosa-
Escalante ef al. 1997, Vargas et al. 1998, see for vege-
tational patterns in peninsulas, Tackaberry and
Kellman 1996).

Whittaker (1977), at a-diversity level, pointed out that
richness of bird species were highly correlated to the
vegetation structure and that the patterns were affect-
ed by climatic and topographic factors. The same
factors may affect also the turnover of the species and
the B-diversity along gradients (see, for continental
scale, Gregory et al. 1998) as well as the y-diversity
(Tramer 1974).

Palaeoclimate (Cook 1969), availability of area
(Schwartz 1988), and history (Lawlor 1983, Busack
and Hedges 1984, Tackaberry and Kellman 1996,
Vargas et al. 1998) have been proposed as further
determinant factors.

All the mentioned factors may overlap those strongly
linked to the dynamics of equilibrium sensu Simpson
(Seib 1980, Lawlor 1983).

In the Italian peninsula, climatic, orographic, and
ecological factors have been suggested as affecting
the latitudinal patterns of species richness in differ-
ent taxonomical groups (Massa 1982). Moreover, the
breeding landbird patterns show fluctuations of
species richness in specific districts of the peninsula
(Battisti and Contoli 1997). The analyses of primary
causal factors of the patterns are complex because
latitude, bioclimate, orography are strongly correlat-
ed in the Italian peninsula (Battisti and Contoli
1999).

As regards mammals, Contoli e al. (1985) have indi-
cated some present ecological and orophysiographic
factors as responsible for differences in the local
faunas and communities. For Lepidoptera, these
factors may determine the distribution in the penin-
sula, without excluding vegetation cover alteration
due to anthropic factors (Racheli and Zilli 1985).
Caporiacco (1950, in Due and Polis 1986) identified
the climatic, ecological, and palaeogeographic
factors as causes of the peninsular patterns of scorpio-
fauna. Orographic, eco-biogeographical, and
anthropic factors may explain the differences in the
richness patterns of the distal subpeninsulas (Puglia
and Calabria: Battisti and Contoli 1995, Contoli and
Penko 1996, Battisti et al. 1997). Woody plants show
the peak of diversity in the central areas of Italy,
covering the «peninsula effect»; this deviation from
the Simpson model (Feoli and Lagonegro 1982,
Milne and Forman 1986) may be explained by the
peculiar environmental heterogeneity of this Italian
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district: here mixed deciduous woods of Quercus
frainetto and Q. cerris are widespread and present the
highest values of hierarchical diversity (structural,
taxonomical, chorological, and vegetational) when
compared with Quercus ilex and Fagus sylvatica
woods (Feoli and Scimone 1984). This influences the
“peninsula effect” in plants (Feoli and Lagonegro
1982) and can affect the diversity patterns in bree-
ding landbirds.

Through the analysis of latitudinal bands, the present
study should help to focus on those factors that deter-
mine the richness patterns of breeding landbirds in the
Italian peninsula.

Methods

The Italian peninsula was subdivided, North to
South, into 27 latitudinal bands (LB). Each band
comprised the group of the tables IGMI 1:100,000
located at the same latitude (Fig. 1). The number of
breeding landbird species (from Columbiformes to
Passeriformes, Vaurie 1959, 1965, see Massa, 1982)
for each LB was taken from the Atlas of Breeding
Birds of Italy (Meschini and Frugis 1993). A first
«species/latitudinal bands (LB)» matrix (146x27)
was drawn up and subjected to statistical multivari-
ate analysis (data in each band do not account for
possible different situations at the same latitude).
The results obtained encouraged a deepening of the
analysis.

A second matrix of «species/LB clustered by nine
climatic classes» (146x9), and a third matrix
«species/LB clustered in six orographic classes»
(146x6), were drawn up (Tab. 1). The climatic class-
es were chosen on the basis of the percentage of the
Mediterranean bioclimate area, calculated in each LB,
according to Tomaselli et al. (1973), with an approxi-
mation of 5%. The orographic classes were chosen on
the basis of the maximum altitude in each LB and
provided cumulative information on vegetation belts.
This is a measure of altitude range only for LB with a
coast line (orographic classes without a coast line and
with maximum altitude > 4000 m a.s.l. were exclu-
ded from the analysis).

An «effect area» on the presence/absence of the
species is possible because of the different areas and
number of LB for each class (see Tab. 1).

In the present study, each matrix was analyzed by
means of multivariate statistics, using SYN-TAX
software (Podani 1994). Cluster Analysis, Principal
Component  Analysis (PCA) and Metric
Multidimensional Scaling (MMS) were chosen. As
to distance, the Ochiai coefficient and complete
linkage were applied.
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Fig. 1. 1:100,000 L.G.M.I. geographic grid of Italy. 1 to 27: LB. First matrix (species/latitude). The main clusters and subclusters
of the dendrogram are reported: 1 = Division between two main clusters; 2 = Division between two main sublusters of Central-
Southern Italy; 3 and 4 = further subdivisions corresponding to bioclimatic, orographic, geobotanical changes (see text); 5 =

«Calabrian Serre». (Drawing of V. Salviati).

Results

The Cluster Analysis of the first matrix (Fig. 2)

showed:

—two main groups: one in Northern Italy (LB 1-8),
and one in Central-Southern Italy (LB 9-27);

— two subclusters in Northern Italy (LB 1-3 and 4-8);

— two main subclusters in Central-Southern Italy (LB
9-21 and 22-27): in the first one, two other groups
were identified (9-13 and 14-21) with further
distinctions between 10 and 11 (Northern-Central
Italy) and between 17 and 18 (Central-Southern
Italy). In the second subcluster the LB 26 was differ-
entiated from the others.

PCA showed, in the ordination along axes 2 and 1, two
well-divided groups: Northern Italy and Central-
Southern Ttaly, divided by LB 9 and 10 (Fig. 3).

In the ordination along axes 2 and 3 (Fig. 4), besides
the two main groups (Northern Italy and Central-
Southern Italy) separated by LB 9 and 10 (start of the
Pre-Apennine), further distinct subclusters were
shown: truly Alpine (LB 1-3), Alpine and Po valley (4-
8), Tuscan and Central Apennine (11-17), the Lucan
area and Irpinia (18-21), and, more isolated than the
others, the Calabrian area (22-27). The ordinations are
in accordance with the dendrogram.

Cluster analysis and MMS of the second matrix
showed the bioclimatic class 1 (Northern LB without
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the Mediterranean area) well separated by the other
classes; classes 2 and 3 (with the Mediterranean area
up to 10 %) are plotted close to and separated by the
classes with the Mediterranean area > 10 % (Fig. 5):
a strong ‘“‘separation” is recognizable when the
Mediterranean area of LB increases from 10 to 20 %
(the “arch effect”, linked to this type of analysis, was
evident; Podani 1994).

The ordination of the bioclimatic classes according to
MMS analysis (Fig. 5) follows the changes in numbers
of species among the classes (the changes were signif-
icant: x% =20.4; p <0.01). The more important changes
was the decrease in the species number corresponding
to bioclimate change (from class 1 to others; an effect
due to the area can further affect the changes observed).
Cluster analysis and MIMS of the third matrix showed
that the orographic class 1 (LB with altitudinal range up
to 1500 m a.s.l.) was well separated from the others
(Fig. 6): also in this case, the changes in species number
among classes were significant ()2 = 15.78; p < 0.01).

Tab. 1. Latitudinal bands (LB), number of breeding landbird
species, Mediterranean bioclimate area of LB (in % of the total
area) by Tomaselli ef al. (1973), bioclimatic classes (class 1:
0%; 2: 5%; 3: 10%; 4: 20%:; 5: 35%; 6: 75%; 7: 90%; 8: 95%:;
9: 100%), altitudinal ranges (in m a.s.l.), orographic classes
(class 1: maximum altitude up to 1500; 2: 1500-2000; 3: 2000-
2500; 4: 2500-3000; 5: 3000-3500; 6: > 3500).

LB | no.of | mediterranean | bioclimatic | altitudinal | orographic
species |  bioclimate classes range classes

1 104 0 1

2 117 0 1

3 123 0 1

4 131 0 1

5 131 0 1

6 130 0 1 3676 6
7 130 0 1 3303 !
8 129 0 1 3841 5
9 114 5 2 3297 5
10 110 20 4 1654 2
11 110 10 3 1701 2
12 104 10 3 1576 2
13 115 10 3 2478 3
14 122 10 3 2912 4
15 121 35 5 2795 4
16 121 7] 6 2283 3
17 115 90 7 2050 3
18 101 100 9 1533 2
19 106 95 8 1899 2
20 109 100 9 1836 2
21 108 100 9 2005 3
22 79 100 9 2267 3
23 91 100 9 1785 2
24 95 100 9 1928 2
25 79 100 9 1013 1
26 67 100 9 1423 i
27 76 100 9 1956 2
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Fig. 2. Dendrogram from Cluster Analysis (1 - 27: LB) on the
first matrix (species/latitude). Two clusters and two subclusters
are highlighted.

Discussion

Results of the statistical analysis support the hypothe-
ses on the influence of climatic, orographic and, indi-
rectly, vegetational factors on the latitudinal patterns
of breeding landbird richness in the Italian peninsula.
The ordinations suggest that the complexity of the
environmental system significantly affects the
patterns of species richness.

Gradient analysis

As regards the first matrix (species/latitude), two ordi-
nations along the axes 2-1 and 2-3 support the hypoth-
esis of a bioclimatic gradient, along which LB 9 and
10 mark the borderline between the two Italian biocli-
matic regions, i.e. the Euro-Siberian and the
Mediterranean (Pedrotti 1991) (Figg. 3, 4). Just at this
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Fig. 3. PCA ordination diagram according to axes 1 and 2 on the first matrix (species/latitude). The two bioclimatic Regions are
highlighted. (Drawing of V. Salviati).
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Fig. 4. PCA ordination diagram according to axes 2 and 3 on the first matrix (species/latitude). Main geographic areas (partially
corresponding to geobotanical districts) are highlighted. «Pre-Apennine» is referred to the beginning of the Pre-Apennine. (Drawing
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level (LB 9-10), the observed bioclimatic gradient is
highlighted by an increase in the Mediterranean area
(Tab. 1).

The distribution of LB in this ordination is in accor-
dance with Contoli (2000) regarding the shape of the
peninsula (see also Contoli and Penko 1996).

In the second ordination (Fig. 4), the subclusters may
be, at least partially, referred to geo-botanical districts
that are found in the peninsula: Central-Eastern and
Western Alps, Po valley, start of the Pre-Apennine,
Central-Apennine (Tuscany-Emilia and Umbria-
Marche-Abruzzo), the Campanian-Lucan Mountains
and Calabrian districts (Pedrotti 1990).

Statistical analyses on the bioclimatic classes (Fig. 5),
as well as on the orographic classes (Fig. 6), have
shown that the changes in the species number influ-
ence the affinities between the classes. Moreover, the
passage between the two bioclimates in Italy is under-
scored by an appreciable reduction in the number of
species, as well as by their possible turnover (in corre-
spondence with bioclimatic classes 1-2 and orograph-
ic classes 5-2: Tab. 1).

Furthermore, the analyses suggest the existence of
thresholds, besides the 10 % one of the Mediterranean
area, and at 1500 m a.s.1., at which significant changes
in the number of species are observed. At the
orographic threshold the number of species is also
strongly affected by the available area; orographic
class 1 corrisponds in fact to the LBs with the small-
est surface area and with the smallest number of
species (Tab. 1). This confirms the overlapping of
causal factors in the patterns of species richness
(Lawlor 1983).

These observations support the hypotheses in litera-
ture focused on how climate, orography, latitude, area
and vegetation play a role in the peninsular patterns of
species and highlight critical thresholds along the
gradients observed. As concerns the orographic
threshold, although based on cumulative altitudinal
ranges, it can also be related to the vegetation change
in structure as well as in ecology. Physiognomic-struc-
tural factors of vegetation, in fact, may affect richness
patterns of landbirds (Whittaker 1977), when, for
example, the vegetation changes from a woody to
shrub and herbaceous structure along the altitude
belts. According to Cook (1969), the reduction of the
structural complexity of vegetation may cause a
decrease of the landbird species density.

Analysis of thematic maps

Comparing our results with the thematic maps at
national level of the orography (AA.VV. 1957),
bioclimate (Tomaselli et al. 1973), geobotany and
vegetation (Pedrotti 1991, 1996) and of the
anthropization level (Bulgarini 1999), the following

observations may be made: from the first matrix
(Figs. 3, 4):

1. The differences found in Northern Italy between LB
3 and 4 show a clear-cut separation of the mouniain
system of the Central-Eastern Alps from the rest of
Italy.

2. The differences between LB 8 and 9 overlap the
beginning of the Pre-Apennine.

3. The discontinuity found between LB 10 and 11
overlaps the beginning of the Mediterranean biocli-
mate, which may represent an element of differentia-
tion among faunas. This is confirmed by the sirong
changes of the Mediterranean bioclimatic area at this
latitude (Tab. 1).

4. The discontinuity between LB 13 and 14 is located
at the level of the greatest development of the moun-
tain system of the Central Apennines.

5. The difference between clusters of LB 17-18 over-
laps the Southern extremity of the Central Apennine
mountain system and the relative cold region.

The analysis of the wilderness condition at national
level has recently shown a strong anthropic impact on
the “Irpinia” area, at the Southern extremity of the
Central Apennines. Historical-anthropic causes (such
as deforestation), besides orographic causes, may be
very significant in this region, contributing towards
determining a discontinuity between the Central and
Southern areas of the peninsula (Bardi et al. 1996,
Bologna 1997). Moreover, anthropic causes largely
affect the vegetation structure in Mediterranean ever-
green communities, which influences plants and
breeding landbirds diversity (Spada 1993, Testi e al.
1996; Massa 1993, Covas and Blondel 1998).

6. The discontinuity observed in Southern Italy
between LB 21 and 22 may be explained, at least
partially, by the orography coinciding with the
Southern extremity of the Campanian-Lucan district
and the beginning of the Sila Mountains (Calabrian
system).

7. The isolation of LB 26 (Figg. 1, 2), located between
the Silas and Aspromonte, may be explained by the
decrease of the maximum altitude («Calabrian Serre»
with low altitudes) and of the available area. Both
these factors affect ecological potentialities, species
richness and affinities among faunas. In fact, the
number of species of LB 26 (67, see Tab. 1) is the
lowest of them all.

These results are in accordance with the observations
of Massa (1982) who noted a limit of continentality in
Tuscany (LB 9-13) and in the Naples-Gargano line
(LB 17-18). More recent analyses of bird peninsular
patterns confirm a decrease from North to South of the
species richness and species density (number of
species/log,sarea) (Battisti and Contoli 1997). The
Authors also identify marked fluctuations at the
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extremity of the Central Apennines and at the level of
the Calabrian-Lucan Apennines. Similar patterns were
shown also for rodents (Contoli and Penko 1996).

Analysis of literature as well as our preliminary inter-
pretation of data from the Atlas of Meschini and
Frugis (1993), indicates the role of the factors affect-
ing the observed peninsular patterns of species rich-
ness in Italy. Although the distribution area of each
species may be limited by many factors, none of them
can be the only one to affect the patterns, which are,
at this level, complex and stochastic (Kathleen Lyons
and Willig 1999), as shown also by our gradients.
Nevertheless, a relationship between landbird patterns
and bioclimate — at macroscale level — as well as orog-
raphy, geobotany and vegetation — at mesoscale level
— has been found.

Vegetation, therefore, may no longer be taken as the
main «indicator» of the climatic changes at different
scales; landbird patterns, well reflecting climatic,
orographic and ecological gradients, could be used,
e.g., for bioclimatic maps. This confirms similar
results from a previous study on other animal taxa
(mammal trophic systems and plant communities:
Contoli and Testi in press).

Our results are also in accordance with Brown (1988)
who showed a primary role of physical factors and a
secondary role for biological ones in determining the
patterns of diversity.

Finally, the analysis of landbird species richness may
also be a useful tool for identification of discontinu-
ities in the peninsular system, of isolated systems and
vulnerable areas at this scale, as well as for national
ecological planning (Properzi et al. 1998, Bulgarini
1999, Romano et al. 1999).
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Riassunto - E stata condotta un’analisi sui patterns di ricchez-
za specifica dell’avifauna terrestre nidificante lungo la peniso-
la italiana, in relazione a fattori climatici, orografici e, indiret-
tamente, vegetazionali. ’

Dall’ Atlante degli uccelli nidificanti in Italia (Meschini e Frugis
1993), sono state ricavate le specie presenti in bande latitudi-
nali (LB) di fogli IGMI, costruendo tre matrici: specie/latitudi-
ne, specie/classi di LB a stessa superficie bioclimatica medi-
terranea, specie/classi di LB a stesso range altitudinale, trattate
successivamente con metodi di analisi statistica multivariata.
11 confronto dei dati ottenuti dall’analisi statistica con carto-
grafie tematiche a scala nazionale sottolinea come le differen-
ze nella composizione specifica fra le LB corrisponda in gran

parte a discontinuita orografiche, bioclimatiche, vegetazionali,
nonché antropiche, lungo la penisola.

L'analisi sulle classi mostra, inoltre, differenze fra le faune in
corrispondenza di soglie bioclimatiche e altitudinali, in parte
imputabili a differenze, significative, nel numero di specie fra
classi. Fattori fisionomico-strutturali della vegetazione, oltre
che strettamente climatici e orografici, possono contribuire a
spiegare tali differenze.

Clima, a livello di macroscala, orografia e vegetazione, a livello
di mesoscala, possono, cosi, influenzare i patterns peninsulari di
ricchezza avifaunistica osservati, confermando il ruolo primario
dei fattori fisici e quello secondario dei fattori biologici.
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