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Abstract

The aim of this study was to analyse chorological patterns of breeding landbirds to find ecogeographical factors responsible for
trends, contra-trends and discontinuities along the Italian peninsula. The study was conducted in continental (northern) and penin-
sular (central-southern) Italy. Italy was subdivided into 27 latitude bands from North to South. For each band, the proportions
among the breeding landbird species belonging to different chorotypes was calculated and correlated with the latitude, the maxi-
mum altitude and the area of Mediterranean climate. The Cluster Analysis and the Correspondence Analysis performed on the
chorotypes matrix showed a clear subdivision into two groups, i.e. the two main Italian bioclimatic regions (Eurosiberian and
Mediterranean). Along the Italian peninsula, the proportion of northern chorotypes (Holarctic, Eurasiatic, Eurosiberian, Eurocen-
tral-asiatic, European) was positively correlated with latitude and maximum altitude, and negatively with the area of Mediterra-
nean climate. The southern chorotypes (Eastern-Palearctic, Olopalearctic, Eurocentralasiatic-Mediterranean, Euroturanic-Medi-
terranean, Mediterranean) behave in specular fashion. The European species represent the intermediate chorotype between the
northern group and the southern one.

The two main chorological groups divide Italy into two sectors: One continental, north of the bioclimatic boundary between Medi-
terranean and Eurosiberian regions, and the other peninsular, to the south. Calabrian subpeninsula is chorologically separate from
the rest of the Italian peninsula. Furthermore, areas with large changes in bird community composition emerged both in the Corre-
spondence Analysis and in the Diversity Indices: 1) at the level of the bioclimatic boundary; 2) at the Southern tip of the Abruzzo
Apennines; and 3) at the border of the Calabrian subpeninsula.

Introduction ninsulas from mainland to the tip. According to Simpson

(1964) this could be interpreted as extinction-recolonisa-

Spatial diversity patterns (Whittaker, 1977; Begon et
al., 1986), including latitude and altitude related patterns
of species richness, are of particular interest in biogeo-
graphy (e.g. Fischer, 1959; Schall & Pianka, 1978; Ro-
senzweig, 1992).

The factors determining these patterns are complex and
differ according to the scale of analysis, the context and
the taxa investigated (Kathleen Lyons & Willig, 1999;
Cotgreave & Harvey, 1994; Blackburn & Gaston, 1996).

In the peninsular patterns there is a generally trend of
progressive reduction in species richness, along the pe-

tion dynamics (MacArthur & Wilson; 1967): However the
shape of peninsulas could influence these processes and
consequently the species richness, expecially in the distal
portions of peninsulas (peninsula effect according to
Taylor & Regal 1978).

It was observed that several factors (e.g., orogeo-
graphic, climatic, anthropic), often interacting together
and independent from the “Simpsonian” dynamics could
affect the peninsular patterns (Kathleen Lyons & Willig,
1999). Furthermore, these patterns are not universal and
a number of exceptions occur: In fact, a progressive in-
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crease of species diversity towards the tip (“contra-tren-
ds”) was observed in some peninsulas (e.9. Baja Califor-
nia, Florida), for a number of taxa (Seib, 1980; Due &
Polis, 1986; Schwartz, 1988; Brown & Opler, 1990; see
also Lawlor, 1983; Busack & Hedges, 1984; Parenzan,
1991; for a review see Wiggins, 1999).

In Italy, peninsular patterns of species richness, den-
sity and composition of species were observed, and asso-
ciated with, such as: Climate, orography, ecology, as well
as biogeographical, historical and anthropic isolation
(Massa, 1982; Lebreton & Ledant, 1981).

The present climate may have strong influence on the
species richness and composition patterns of species. The
extensive latitudinal range of the Italian peninsula can
favour species turnover, depending on the ecological and
bioclimatic preferences of different species. Analogously
to Italy, other peninsulas (e.g. Baja California and Flori-
da) show a north-south pattern that influences richness
and composition of different taxa. This may be in rela-
tion, even indirectly, to vegetational and ecological sensu
latu variations along the latitudinal climatic gradient (Ra-
ivio, 1988; Schwartz, 1988; Brown & Opler, 1990).

The concept of discontinuity dynamics is a common
theme in modern ecology (Wiens, 1989; Dale & Powell,
2001) and in conservation biology (Scott & Csuti, 1997).
At the community level the size of discontinuities may be
one of the main factors responsible for the species turno-
ver (for the birds at the landscape scale, see Cody, 1993).
Since a large part of the Italian peninsula consists of a
complex and fragmented mosaic of orogeographic and cli-
matic units, they provide excellent opportunities for the
study of turnover dynamics along gradients at meso- and
macro-scale level.

Studies on the chorology of the Italian fauna have sug-
gested the existence of non-random distribution patterns
of different species (La Greca, 1963, 1975; Contoli, 1986b;
Boano, 1988; Boano & Brichetti, 1989; Boano et al., 1990;
Vigna Taglianti et al., 1992; Parenzan, 1994; Brichetti,
1997; Contoli, 2000; see also Ruffo, 1959). These patter-
ns provide indications on events that have determined
origin and distribution of the faunas of a region (La Gre-
ca, 1963; 1975; 1984), at both macrogeographical level
(linked to earlier historical-biogeographical factors), and

microgeographical level (linked to present ecological
factors) (Vigna Taglianti et al., 1992). However, species
range variations due to anthropic impact can occasional-
ly distort the main chorological pattern (Boano & Bri-
chetti, 1989; La Greca, 1975).

Italy’s high biogeographical diversity, due to its com-
plex geologic history and to its geographical position,
explains the presence of faunas of different origins, be-
longing to various chorotypes (La Greca, 1963).

The aim of this paper is to analyse the chorological
patterns of Italian breeding landbirds to investigate the
factors responsible for trends, contra-trends and disconti-
nuities observed and to provide indications on the “pe-
ninsula effect”.

Study area and methods

The territory of the continental (northern) and penin-
sular (central-southern) Italy was subdivided from north
to south into 27 latitudinal bands (LB), each one compri-
sing a 20’ latitudinal range and formed by a set of
1:100,000 IGMI (Italian Military Geographic Institute)
map sheets of the same latitude (LAT) (Fig. 1). For each
of these, the number of breeding landbird species (Co-
lumbiformes to Passeriformes; Vaurie, 1959 and 1965 in
Massa, 1982) was obtained from the Atlas of Italian bre-
eding birds (Meschini & Frugis, 1993). The breeding lan-
dbird species in Italy comprise some 30% of the total num-
ber of species (Brichetti & Massa, 1998; see also Tramer,
1974).

For Bubo bubo (distribution not published in Meschi-
ni & Frugis, 1993) data were obtained from Snow and
Perrins (1998). The two subspecies of Corvus corone, al-
though treated separately in the Atlas, were regarded as a
single taxon.

The use of atlases for biogeographical analyses was
recently emphasised (e.g. Spellerberg & Sawyer, 1999;
Sutherland, 2000). They do however have some limits:
The Atlas data, cumulative over a number of years, some-
times overestimate the number of species (€.g. Diamond
& May, 1977; Minelli, 1990). Moreover, the data refer to
presence/absence, and do not take into account the abun-
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Fig. 1. Mediterranean (white) and Eurosiberian (grey) Bioclimatic regions of Italy according to (a) Tomaselli et al. (1973) and (b) Pedrotti (1996);

(c) Latitudinal bands (LB) along Italy.



dance of the individual species and of their distribution
within each LB.

Each species was considered separately according to
the classification of the chorotypes and subchorotypes
described for Italy (Boano & Brichetti, 1989; Boano et
al., 1990: see Fig. 2 for abbreviations).

For each LB the number of breeding landbird species
belonging to each of the chorotypes listed was calculated
and expressed as percentage of the total number of bree-
ding landbird species in the LB.

For each LB the following variables have also been
calculated:

- percentage area of Mediterranean climate (MED
TOM in 5 % intervals data from Tomaselli et al. (1973);
and the area of the Eurosiberian and Mediterranean bio-
climatic region (MED PED, data from Pedrotti, 1996);

- maximum altitude (ALT MAX) of the LB (indicati-
ve of the altimetric range only in the peninsular LBs) taken
from general geographical atlases. The maximum altitu-
de values indicate the altimetric range and provide indi-
rect information on environmental potentials: This con-
cerns only those LBs including the coastline, where the
maximum altitude corresponds to the altitudinal range.

The percentage proportions of each chorotype (depen-
dent variables), lastly, were correlated with the independent
variables obtained for each LB: LAT (latitudinal mid-point
of each LB), MAX ALT, MED TOM, MED PED. A prelimi-
nary correlation analysis was performed with simple Spear-
man test to recognize the effects of geographical-environ-
mental factors on chorotypes; multiple regression analysis
was also performed to estimate the weight of the individual
environmental variables (SPSS Statistic software).

The chorotypes C, PP, OAb, EUT, EN, because of the
small total number of species have not been considered
in the statistical analysis (see Annex 1).

To assess the similarity between LBs, the landbird spe-
cies-turnover along the North-South direction was calcula-
ted using Whittaker’s b statistic (cited in Gregory et al. 1998)
between each LB and the LB immediately to the south of it:

B=MN,+N,)/(N,+N,+2N ) (1)
where N and N, are the number of species found only
in the first and in the second LB, respectively; and N, is
the number of species in common (on the {3 diversity see,
e.g. Tramer, 1974; Wilson & Shmida, 1984; for Italy, Zil-
li & Racheli, 1985).

From the set of data, a matrix of 14 chorotypes x 27
LBs was obtained and subjected to Multivariate Statistical
Analyses (Cluster Analysis with complete link Euclidean
distance procedure and Correspondence Analysis) with the
Biodiversity Pro32 programme (McAleece, 1997).

Berger & Parker’s dominance index (1970) and Pie-
lou’s evenness index (1969) were analysed for geographi-
cal patterns.

Results

Total breeding landbird species proportions subdivi-
ded into chorotypes are reported in Table 1.

Latitude and altitude
Significant and direct individual correlations among
indipendent variables (LAT and ALT MAX) and following
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chorotypes: OA (including OAb), EU, EUS, EUC, EUR
have been found; while significant and inverse individual
correlations for PO, O, EUCm, EUTm and MED exist.

The palaearctic species (PAL) as a whole, were directly
correlated with latitude and maximum altitude.

The correlations with OA, excluding OAb, were not
significant (Fig. 2; Table 2).

Results of multiple regression showed a greater influen-
ce of LAT on OA, EUS, EUCm and MED, while ALT MAX
is a major responsible factor for EUTm (P<.05) (Annex 2).

Climate

According to Spearman test, with increasing area of
Mediterranean climate, the proportions of PO, O, EUCm,
EUTm and MED significantly increase, while the OA (in-
cluding OAb), EU, EUS, EUC, EUR and PAL decrease.

The correlations with OA (excluding OAb) were not
significant.

Considering both the Tomaselli et al. (1973) and the
Pedrotti (1996) maps, no substantial differences emerge
in the significance of the individual correlations (Fig. 2;
Table 2).

According to multiple regression results (Annex 2),
indipendent variable MED PED is the most important
factor explaining trends of PO; while O are better explai-
ned by MED TOM. EUS are dependent by MED TOM
(and, secondarily, also by LAT and ALT MAX).

Whittaker Index Turnover

The B - turnover index (Whittaker, 1960) showed
marked oscillations at the LB pairs 8-9, 17-18 and 21-22
and in the southernmost LBs of the peninsula (Fig. 3).

Multivariate Analysis

Chorotypes

Cluster Analysis (Fig. 4) showed a subdivision of cho-
rotypes into three groups: The first (I°) and the second
(IT°) can be distinguished by their greater (PO, O, EUCm,
EUTm, EUR, MED) or lesser (OA, EU, EUS, EUC) affi-
nity with climatic Mediterranean conditions (“Mediterra-
nean-ness”’). The third group (III°) which refers to cho-
rotypes C, PP, OAb, EUT, EN was not considered in the
analysis as already explained in the methods.

The results of Correspondence Analysis, showed EUS
and MED at the extremes of the main axis (Fig. 5).

Latitudinal bands

Correspondence Analysis (Fig. 6) showed affinities
among LBs, distributed according to geographical patterns:

I° - LB 1-8 (Northern Italy), divided into a more nor-
therly, typically Alpine, cluster (LB 1-3) and one inclu-
ding the Po Valley (LB 4-8);

II° - LB 9-21 (Central-Southern Italy, corresponding
to Peninsula, excluding Calabria);

III° - LB 22-27 (Calabrian subpeninsula).

Also the Cluster Analysis (Fig. 7) show three groups
of LBs: The LBs 23 and 24 (Northern Calabrian subpe-
ninsula) are clustered in the II° LBs group (Peninsula)
(together with LB 18), showing a transition geographical
character.

By the clusters of chorotypes (Fig. 4) and of the LBs
(Fig. 7), a table of three groups of chorotypes and of three
groups of LBs was drawn up (Annex 3).
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Fig. 2. Latitudinal (a) and altitudinal (b) trends of chorotypes (OAbD are included in OA).

In abscissa, (a): LBs are reported (LB1: 46° 50’ N; LB27: 38° 10” N). (b): maximum altitude is reported in m a.s.l.. Chorotypes and subchorotypes
(from Boano & Brichetti, 1989 and Boano et al., 1990): Cosmopolitan (and Subcosmopolitan) (C); Palaearctic-palaeotropical (PP); Eastern-Palaearc-
tic (PO); Holarctic (OA; calculating separately also the Boreoalpine-Holarctic, OAb); Palaearctic (PAL; including the following O, EU, EUS, EUC,
EUCm, EUT, EUTm, calculated separately); Olopalaearctic (O); Euroasiatic (EU); Eurosiberian (EUS); Eurocentralasiatic (EUC; these including the
Eurocentralasiatic-Mediterranean, EUCm, calculated separately); Euroturanic (EUT; these including the Euroturanic-Mediterranean, EUTm, calcula-
ted separately); European (EUR); Mediterranean (MED); Endemic Italian (EN); Chorotypes C, PP, EUT and EN are not reported (see Methods).



Table 1. Percentage of chorotypes. For each LB the values of the latitude North (LAT), the maximum altitude (ALT MAX), and the percentage of the Mediterranean area according to Tomaselli et al. (1973) (MED

TOM) and to Pedrotti (1996) (MED PED) are shown. Min-max values are reported. (For the abbreviations, see Methods and Fig. 2).

1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
39°10" 38°50" 38°30" 38°10'

10
46°50' 46°30" 46°10' 45°50" 45°30" 45°10' 44°50' 44°30' 44°10' 43°50' 43°30' 43°10' 42°50' 42°30' 42°10' 41°50' 41°30"' 41°10' 40°50' 40°30' 40°10" 39°50" 39°30'

LB
LAT

1956
100

1928 1013 1423

100
40
1.05
3.16
13.68
131

1654 1701 1576 2478 2912 2795 2283 2050 1533 1899 1836 2005 2267 1785

20
10
0.91
1.82
11.82
8.18

3738 3905 4049 4810 4061 3676 3303 3841 3297

ALT MAX
MED TOM

MED PED

100
75
1.49
2.99
16.42
5.97

100
65

100
50
2.20
3.30
13.19
6.59

100

100
70
1.85
2.78

100
65
1.83
3.67
11.93

7.34

95
45

100

90
25
1.74
2.61
11.30
6.96

75
20
1.65
3.31
10.74

35

10
10
1.64
3.28
10.66
6.56

10
10
1.74
261
11.30
6.09

10
15
1.92
2.86
12.50
6.73

10

0

0
1.94
1.94
12.62
10.68
291
15.53
10.68
10.68
3.88
10.68

min-max values

70

1.

55
253
253
13.92
6.33

35
1.98
3.96
12.87
6.93

10
1.65
248
10.74
7.44

0.78-2.53

32

1.27
2.53
15.19

1.89
2.83
12.26
5.66

1.82
3.64
11.82
6.36

0.89
2.66
11.50
7.97

0.78
3.13

10.16

1.55
3.10
10.08

1.55
233
10.08
8.53
1.55
12.40
10.08
8.53
5.43
13.95
1.55
6.98
11.63

231
231
10.00
8.46
1.54
12.31

231
231
10.77
8.46
1.54
12.31
9.23
8.46
4.62
13.08
1.54
6.92
12.31

1.64
246
11.48

1.72
1.72
12.07

1.72-3.96
10.00-16.42

3.95
13.16
7.90

PP

12.04
741

PO
0A

5.66-10.68

6.33

7.44

8.59
1.56
12.50
8.59
7.03
547
14.06
1.56
7.03
12.50

8.53
1.55
12.40

10.34  9.84

0-2.91
12.31-20.90

3.80-10.68
1.27-10.68

2.46

13.11

2.59
13.79

OAb

18.42
6.58
2.63

17.72 20.90

14.74
8.42
3.16
2.10
15.79

14.29
9.89
2.20
1.10

15.38

17.72
3.80
3.80
2.53
13.92

13.89
6.48
5.56
3.70
14.81

13.76
6.42
5.50
3.67
14.68
0.92
8.26

15.09
5.66
4.72
3.77
14.15

12.87
7.92
3.96
1.98

13.86
0.99
8.91
9.90

13.91
6.96
6.09
4.35
14.78
0.87
8.70
10.43

13.22

13.22
744
4.96
4.96
14.88
0.83
7.44
12.40

13.11

13.91
6.96
4.35
522
15.65
1.74
8.70
10.43

15.38
7.69
4.81

2.89
13.46

14.55
121
4.55
3.64
14.55
1.82
9.09
10.00

14.55
8.18
5.46
3.64
14.55
1.82
9.09
11.82

14.16
7.97
5.31
4.43
15.04
0.89
7.08
11.50

4.48

5.06

6.61

5.79
4.96
14.88

7.38
4.92
4.10
14.75
0.82
8.20
11.48

9.30

9.23
8.46
5.38
13.08
1.54
6.92
12.31

1034 9.84
9.48
3.45
12.07
1.72
5.17

13.79
56.03 56.56 56.15 56.92 5891

EU
EUS

1.49

1.27
1.27
17.72

775
543
12.40

8.20
4.10

13.11

0-5.47
10.68-17.72

EUC

17.11

14.93

EUCm
EUT

0-1.92
4.85-10.13
8.86-14.56

50.50-58.91

0.93
8.33

0.94
8.49
1132

0.83
7.44
10.74

1.92
8.65
11.54

1.55
6.98
12.40

55.81

1.64
6.56
13.11

6.58
11.84

8.42 10.13  8.96
10.45

10.53

8.86
8.86

4.85
14.56

56.31

EUTm
EUR

10.13

12.09

10.09  9.26

5370  50.63 51.65 52.63 53.16 50.75 51.32

12.04
0.93

56.52 5328 53.72 53.72 55.65 50.50 52.83 53.21

10.43
0.87

56.25 54.87 57.27 5545 54.81

7.81
0.78

PAL (total)
MED
EN

0.97-13.92

9.21

10.45
1.49

10.13

10.53
1.05
100

1392 9.89
1.27
100

11.01
0.92
100

12.26
0.94
100

12.87
0.99
100

10.43
0.87

11.57

10.74
0.83
100

12.30
0.82
100

10.00
0.91

121
0.91
100

7.75
0.78
100

6.20
0.78
100

6.92
0.77
100

6.92
0.77

4.10
0.82

3.45
0.86
100

0.97
0.97
100

0.77-1.49

132
100

1.27

100

1.10
100

0.83
100

0.96

0.89
100

100

100

100

100 100

100

100

100

100
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The first group (I°) of chorotypes shows increasing
values southwards, discriminating the LBs of central-sou-
thern Italy; the EUR species, included in this group, fol-
low a contra-trend. On the other hand the second group
(IT°) shows decreasing values southwards, discriminating
the LBs of northern Italy. The third group (III°) does not
show a definite trend, possibly due to the small number
of species in the samples.

Diversity analysis

The values of dominance (Berger-Parker index) and
evenness (Pielou index) for “chorological communities”
show trends along the peninsula (Fig. 8): dominance
slowly increases and the evenness decreases at bioclima-
tic boundary (LB 8-10) and in the Calabrian subpeninsu-
la (LB 23-27). The correlation test of the “chorotypes
matrix” constrained on the diversity values gave signifi-
cative results (Annex 4): PO and O, directly correlated
with the dominance index (r = .84 and r = .95, respecti-
vely; p< .01) show the highest values; the chorotype PO
was negatively correlated with the evenness index (r = -
.85; p< .01).

Discussion

Gradients and clusters

Climatic and orogeographical factors, in addition to
historical- and ecological-biogeographical ones, were the
main factors associated with chorological patterns in Italy.

A Mediterranean-ness gradient was recognizable along
the first axis of the Correspondence Analysis of the “cho-
rotype matrix” (Fig. 5). Similarly, while a geographical
gradient emerged in the Correspondence Analysis of the
“LB matrix” (Fig. 6).

In the first case two significant groups of chorotypes
were discriminated (see also Fig. 4): The first (I°) had a
southern distribution (with PO, O, EUCm, EUTm, EUR
and MED correlated negatively with latitude) and the
second (I1°) having a mostly northern distribution (with
OA, EU, EUS, EUC and EUR correlated positively with
latitude).

Since “mediterraneity” is a complex factor expres-
sed by latitude and climate, multiple regression results
confirm their role for OA, EUS, EUCm and MED (pre-
dictor variable LAT) and for PO and O (predictor varia-
ble MED PED and MED TOM, respectively) (while pat-
tern of EUS was explained by different predictors: LAT,
ALT MAX, MED TOM and pattern of EUTm by ALT
MAX in Annex 2).

The dendrogram of LBs (Fig. 7) showing the cho-
rotypes distribution along Italy, showed a phylogeographic
structure with three clusters corresponding to continen-
tal/northern Italy (I°), central-southern Italy (II°) and
Calabrian sub-peninsula (III°). This subdivision is consi-
stent with the two main Italian bioclimatic zones: The LBs
of the first cluster is included in the Eurosiberian region,
while the LBs of the other clusters belong to the Mediter-
ranean region, according to Pedrotti (1991).

The new assemblage “chorotype clusters/LB clusters”
(Annex 3) highlightes as the values of the northern and
southern chrotypes groups discriminate the LBs of the
Eurosiberian and Mediterranean regions, respectively.
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Trends and contra-trends

The EUS species were associated with the “continen-
tal” pole of the climatic gradient (Fig. 5). In fact, they are
elements with a northern distribution, related to cold cli-
mates and to higher altitudes (La Greca, 1963; 1975; 1984;
Boano & Brichetti, 1989). The correlation in pairs also
bears out their decreasing trend towards the south (Fig. 2,
Table 2); the MED species was linked to the opposite pole
of the gradient. Multiple regression results emphasized
the role of LAT, MED TOM and ALT MAX like predictors
for EUS species and of LAT for MED species (Annex 2).

The EUR species, although having a mainly northern
distribution and occurring in temperate-cold environments
(La Greca, 1963), were unexpectedly included in the group
of Mediterranean sensu latu species (positive correlation
with the latitude and the maximum altitude according to
Spearman test in Table 2). However, they showed a con-
tra-trend within the group (Annex 3). This confirms what
was observed along the “Mediterranean” gradient: The
EUR species represent the intermediate chorotype between
the “northern” group and the “southern” one (Fig. 5). Pro-
bably, a complex set of variables may determine the pat-
tern of this chorotype, according to multiple regression
results (Annex 2).

The “Mediterranean” chorological group, increased in
proportion towards south, which is opposite to classical
peninsular trends: Indeed, some faunistic groups may
show geographical trends or contra-trends of species ri-
chness in relation to single climatic components (Seib,
1980), as observed also in continental contexts (Emlen et
al., 1986).

The relationships found between chorotype’s trends
and orogeographical factors agree with Brichetti (1997)
and with analogous trends observed in the plant chorotypes
correlated with the climate along the Italian peninsula: In
particular, EUS, EUR, and MED landbird trends are con-
sistent with the Eurosibiric (and Boreal), European, and
Mediterranean plant trends (Testi et al., 1996).

A close link among these abiotic factors (latitude, al-
titude, area), correlated along the Italian peninsula (Bat-
tisti & Contoli, 1999), is furthermore evidenced by the
sign of the correlations with the chorotypes: Correspon-
ding to a negative correlation of the chorotypes with the

Table 2. Correlations between percentage of the chorotypes versus latitude North (LAT), maximum altitude (ALT MAX), percentage of the Mediterranean
area (MED TOM and MED PED). Spearman rank correlation test: ** = P< .01; *** = P< .001; NS = Not significant. (For the abbreviations, see Fig.2).

LAT ALT MAX MED TOM MED PED
Chorotypes r P r P r P r P
0A (0) 12 ook ) dokok -.69 dokk =71 dokok
OA(*) 31 NS 32 NS -21 NS -25 NS
EUCm =75 o -51 o .66 o .66 ok
EUTm -61 o -84 o 65 o .60 o
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Fig. 5. Distribution of the chorotypes according to Correspondence
analysis. + = positive correlation with latitude; - = negative correlation
with latitude; the chorotypes not considered in the statistical analysis
are reported in brackets. (For the abbreviations, see Fig.2).

latitude and the maximum altitude, there is always a po-
sitive correlation with the area of Mediterranean climate,
and vice versa (Table 2).

The latitudinal trends of species composition obser-
ved thus follow either proportional trends decreasing sou-
thwards, or contra-trends (Fig. 2). Also in species rich-
ness, contra-trends were observed in other peninsulas, with
the same north-south latitudinal development as in Italy
(e.g. Baja California, Florida) where a number of groups,
climatically characterised, show patterns opposite to tra-
ditional peninsular ones (reptiles, Seib, 1980; scorpions,
Due & Polis, 1986; tree species, Schwartz, 1988; lepi-
doptera, Brown & Opler, 1990).

The following factors are suggested to be responsible
for trends and contra-trends observed:

1) Climate appear important in determining chorolo-
gical patterns along Italy, confirming what has already
been pointed out for peninsular diversity patterns (Means
& Simberloff, 1987; Taylor & Regal, 1978).
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Fig. 6. Correspondence analysis of LBs. The clusters of the LBs belonging
to Continental-Northern Italy (LB 1-8), peninsular (Central-Southern) Italy
(LB 9-21) and the Calabrian subpeninsula (LB 22-27) are highlighted.
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2) Orogeographical and geomorphological factors also
influence patterns in peninsulas. The results of this paper
emphasise the role of the Apennines as a faunistic bridge,
as suggested by the oscillations in the turnover index (Fig.
3). Other authors have already stressed that the Apennine
system is a factor of interference (La Greca, 1963; Mas-
sa, 1982; Racheli & Zilli, 1985; Battisti & Contoli, 1997;
Cagnin et al., 1998); in some cases, the Apennine favours
the biogeographic continuity of individual species and
groups, while in other cases it represents a filter to spe-
cies dispersal because of the climatic, orophysiographi-
cal and ecological sensu latu discontinuities. These di-
scontinuities are one of the main factors causing high rate
of endemism in the peninsular Italy (Massa, in verbis).

The “Apennine effect” is analogous to what was ob-
served in other peninsulas, where the local orogeographi-
cal-geomorphological factors affect the distribution of the
faunas, in addition or alternative to the Simpsonian mo-
del: For Florida, the “Everglades effect” (Means & Sim-
berloff, 1987); for Baja California, the ecological and oro-
geographical effect linked to the central desert (Due &
Polis, 1986; Wiggins, 1999); for the Iberian peninsula the
effect linked with the development of the orogeographi-
cal systems in an east-west direction (Cagnin et al., 1998).

3) The ecology as well as the dispersal capacity of the
individual species can constitute an additional factor (Mas-
sa, 1987). It is noted that in Italy about 60% (N=61) of
the landbird species belonging to the “northern” cho-
rotypes (OA, EU, EUS, EUC, EUR) are associated with
forest habitats, while a smaller percentage (about 30%;
N=75) of the species belonging to “southern” chorotypes
(PO, O, EUCm, EUTm, MED) (Figs. 2 and 5).

This skewed north-south distribution of the forest lan-
dbird species depends on the prevalence of the European
(sensu latu) chorotype which have a more northern distri-
bution in respect to the other ecological types (Covas &
Blondel, 1998).

Massa (1993) assigned the faunistic impoverishment
along the Italian peninsula to this inhomogeneous distri-
bution of the European S.I. and the Mediterranean S.I. spe-
cies. This can also be explained by the macroscale frag-
mentation of the forest areas, due to orogeographical-cli-
matic factors as well as to recent and historical anthropi-
sation.

Discontinuities and turnover

Within the main trends a number of discontinuities
emerge:

1) A first chorological distinction is noted between
the LBs of continental/northern Italy (LB 1-8) and those
of peninsular Italy (LB 9-27), where the oscillations of
the turnover index are marked (Fig. 3). This faunistic di-
scontinuity corresponds to the bioclimatic boundary (LB
7-9) between the Eurosiberian and Mediterranean regions,
according to Pedrotti (1991) (Fig. 6), as already observed
for the landbird fauna in Italy (Battisti & Testi, 2001) and
in the Iberian peninsula (Telleria & Santos, 1994).

2) A second discontinuity is observed at the Southern
tip of the Abruzzo Apennines (LB 16-18) evidenced by
the turnover index values (Fig. 3).

3) The Calabrian subpeninsula (LB 23-27) differs from
the rest of the Italian peninsula (Fig. 6). This emerged
also from the turnover analysis where between LB 20 and
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Fig. 7. Dendrogram from Cluster Analysis of LBs. Three clusters are
highlighted: I° = Continental-Northern Italy; II° = peninsular (Central-
Southern) Italy; ITII° = Calabrian subpeninsula.

22 the values are higher and more oscillating (Fig. 3), al-
though that may be ascribed also to the limited numerical
sample decreasing southwards. Indeed, the latitudinal tren-
ds of the values reflect, to a large extent, the number of
species in common, in its turn depending on the number
of species in the LBs: The turnover patterns reflect the
richness patterns (Gregory et al., 1998).

These two last discontinuities (Southern tip of the
Abruzzo Apennines and Calabrian subpeninsula) may be
influenced by various factors: The increasing aridity of the
climate (Pignatti, 1998), the reduction of the maximum al-
titudes and of the area, the fragmentation of the forest ha-
bitats at macro- and mesoscale with the consequent sim-
plification of the vegetation structure and of its dynamism,
as well as the anthropic impact mainly linked to frequent
fires and long-time deforestation. Indeed, a strong effect
of historical human disturbance is known where peninsu-
lar discontinuities were observed (Bulgarini, 1999).

Chorological diversity

The discontinuities observed were further confirmed
by the oscillations in the dominance index (Berger &
Parker, 1970) and by the evenness index (Pielou, 1969)
applied to “chorological communities”: The dominance
values increase and the evenness ones decrease where the-
se discontinuities occur (Fig. 8).

Evenness may describe the trends and the discontinu-
ities better than dominance: Indeed, this is considered an
ecological parameter that explains environmental varia-
tions sensu latu, including those indirectly induced by man
(Pignatti inverbis, Contoli, 1986a). The reduction in even-
ness along the peninsula and at the bioclimatic, orogeo-
graphical and ecological s.|. support this argument (Fig.
8). The chorotypes may be regarded as a community whose
evenness is reduced towards the tip of the peninsula in
relation to the factors listed above.

Conclusion
The chorological patterns show different trends accor-

ding to orogeographical, climatic and ecological sensu latu
factors which together with the historical-biogeographi-
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cal ones, can explain the distribution and composition of
breeding landbird fauna along the Italian peninsula.

Hence, the primary role of these factors, in influencing
the affinities between faunas is emphasized through choro-
logical patterns, although the marked oscillations observed
along the trends towards south, evident in some chorotypes,
may be influenced also by their limited sample of species.

The abiotic and biotic factors above mentioned and
the consequent inhomogeneous distribution and compo-
sition of chorotypes may influence the “Peninsula effect”
observed in landbird species richness trends along Italy
(Massa, 1982).

Among the chorotypes, the Eastern-Palaearctic (PO)
and the Olopalaearctic (O), because of their high and si-
gnificant correlation compared with the values of the di-
versity indices (Annex 4), may be regarded as indicators
able to provide synthetic information on general chorolo-
gical trends along the Italian peninsula. That allows focu-
sing on chorotypes other than those traditionally used in
correlations with orogeography and climate (e.g. MED,
EUC m, EUS, OA).

At macroscale level the chorological patterns may de-
scribe the two main bioclimates of the peninsula correspon-
ding to Eurosiberian and Mediterranean regions sensu Pe-
drotti (1996), evidencing the two corresponding clusters
of chorotypes (“northern”: OA, EU, EUS, EUC, EUR and
“southern”: PO, O, EUCm, EUTm, MED) (Figs. 4 and 5).

At mesoscale level, they show orogeographical, clima-
tic and ecological s.|. contra-trends and discontinuities
(Figs. 2 and 3). These evidences confirm the literature as-
sumptions regarding the role of the discontinuities in tur-
nover dynamics and spatial patterns (Dale & Powell, 2001).

In particular, these patterns are well described by the
chorological diversity indices; the dominance and even-
ness oscillate markedly at level of the bioclimatic boun-
dary and in the Calabrian subpeninsula (Fig. 8). The re-
duction in evenness along the peninsula may be an evi-
dence of an environmental non-equilibrium in response
to the overlapping of various factors, as the increasing of
climatic aridity and forest fragmentation.
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Fig. 8. Chorological diversity versusLBs: Dominance index (according
to Berger & Parker, 1970) and evenness index (according to Pielou,
1969). The sectors among the brocken lines indicate the discontinui-
ties. Black points: evenness; white points: dominance.



These results allow to regard the chorotypes as compo-
nent of “chorological communities distributed along Italy
according to a phylogeographic structure” and as “keysto-
ne* elements for the biogeographical gradients analyses.

This method could be extended to other faunistic, eco-
logic and phenologic groups to correlate their distribu-
tion with a pool of environmental variables and could be
useful in applied biogeographical research (Spellerberg
& Sawyer, 1999).
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Annex 2. Correlations between chorotypes values and independent varia-

bles (latitude, altitude and climate) from multiple regression analysis.

Regression summary for Dependent Variable: model summary.

chorotypes R

R square Adj. R sg. Std. Err. F (4, 22) p-level

PO 0771 0594 0520  1.0802 8.053  0.000
OA 0.824  0.678 0620  0.8033 11604 0.000
PAL 0.851 0725  0.675  1.2891 14498 0.000
0 0763 0582 0506 14694 7.663  0.001
EU 0764 0584 0508 12566 7.721  0.000
EUS 0.953 0909 0892 07955 54.666 0.000
EUC 0778 0.606 0534  1.0931 8449  0.000
Cocfficients EUCm 0835 0698 0643 08663 12705 0.000
B Std.Err. Beta t  plevel EUTm 0819 0671 0611 07755 11.199  0.000
PO EUR 0719 0517 0429 1.0153 5892 0.002
Constant 7488 11.738 0638 0330 MED 0794 063 0562 19967 9356  0.000
LAT 0.114 0.275 0.19 0414 0.683
ALTMAX  0.000 0000 0319  -1332 0.196
MED TOM  -0.009 0013 0259  -0.662 0.515
MEDPED  0.054 0.023 0.926 2.384 0.026
OA EUC
Constant  -19.706 8.728 2258 0.034 Constant  -0.265  11.877 -0.022 0.982
LAT 0.589 0.204 1177 2.882 0.009 LAT 0.088 0.278 0.143 0.316 0.755
ALTMAX  0.001 0.000 0.382 1.791 0.087 ALTMAX  0.000 0.000 0.189 0.799 0.433
MEDTOM  0.010 0.010 0.356 1025 0.317 MEDTOM 0011 0.013 0.319 0.828 0.417
MEDPED  0.023 0.017 0.471 1.361 0.187 MED PED  -0.468 0.023 0786 -2.051 0.052
PAL EUCM
Constant  28.539  14.008 2.037 0.054 Constant ~ 55.734 9.413 5.921 0.000
LAT 0.646 0.328 0.745 1.971 0.061 LAT -0.945 022  -1699 -4.29 0.000
ALTMAX  0.000 0.000  -0.174 0.881 0.388 ALTMAX  0.000 0.000 0.039 0.187 0.853
MED TOM  -0.014 0016  -0.283  -0.879 0.389 MED TOM  -0.021 0.011  -0.661  -1.959 0.063
MED PED  0.002 0.027 0.026 0.082 0.936 MED PED  -0.017 0018 0323 -0.964 0.345
0 EUTm
Constant 25203 15.967 1.579 0.129 Constant  19.610 8.427 2.327 0.030
LAT 0.235 0374 0294  -0.630 0.535 LAT -0.208 0.197 0436  -1.055 0.303
ALTMAX  0.000 0.000 0194  -0.798 0.433 ALT MAX  -0.001 0000  -0.769  -3.562 0.002
MEDTOM  -0.041 0018 0915  -2.307 0.031 MED TOM  -0.004 0009  -0.145  -0.411 0.685
MED PED  0.08668 0.031 1115 2.828 0.100 MED PED  -0.014 0016 0299  -0,854 0,402
EU EUR
Constant  -10.316  13.654 -0.756 0.458 Constant 4068 11.032 0.369 0.716
LAT 0.02 0.319 0.585 1.260 0.221 LAT 0.147 0.258 0.284 0.568 0.576
ALTMAX  0.000 0.000 0.197 0.813 0.425 ALTMAX  0.000 0.000 0.366 1.403 0.175
MEDTOM  0.014 0.015 0.364 0,919 0.368 MED TOM ~ -0.005 0012 -0.181  -0.424 0.676
MED PED  -0.024 0.026 0360  -0.916 0.370 MEDPED  0.004 0.021 0.072 0.169 0.867
EUS MED
Constant ~ -52.943 8.644 6.125 0.000 Constant  69.897  21.695 302 0.004
LAT 1.204 0.202 1.393 6.397 0.000 LAT 1387 0.508  -1.197 2732 0.012
ALT MAX 0001 0.000 0.269 2.363 0.027 ALTMAX  0.000 0001 -0.047 2732 0.838
MEDTOM  0.031 0.010 0.602 3.243 0.004 MED TOM  0.013 0.024 0.203 0.545 0.591
MEDPED  0.016 0.017 0.182 0.984 0.336 MED PED  -0.082 0042 0739 -1.992 0.059
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Annex 3. Table structured from the Cluster Analysis: Three clusters of chorotypes and three clusters of LBs are shown.

1° e e

LB 1-8 LB 9-21, 23,24 LB 22, 25-27
I° mean values mean values mean values
MED 5.52 10.65 10.93
EUTm 6.43 8.37 8.63
EUR 12.83 10.90 10.32
PO 10.91 11.89 14.67
(0] 13.05 14.04 18.69
EUCm 12.80 14.75 15.92
tot 61.53 70.61 79.16
I°
EU 9.66 7.42 4.98
OA 9.18 7.00 6.63
EUS 8.57 4.75 2.30
EUC 4.72 3.63 0.95
tot 32.13 22.80 14.86
e
EUT 1.39 1.02 0
EN 0.82 0.92 1.33
C 1.73 1.65 1.65
PP 2.41 3.00 3.00
tot 6.34 6.59 5.99

Annex 4. Correlations among chorotypes and diversity indices values.

MED EUTm EUR PO O EUCm EU OA(°) EUS EUC EUT EN C PP J d
MED 1
EUTm 0.75 1
EUR -0.85 -080 1
PO 024 044 -0.36 1
0 020 031 -029 0.88 1
EUCm 0.61 0.63 -0.58 038 0.39 1
EU -0.77 -0.67 0.78 -0.53 -0.63 -0.58 1
OA -0.88 -0.88 0.78 -039 -037 -0.64 0.77 1
EUS -0.74  -0.79 0.66 -0.67 -0.62 -0.83 0.71 0.83 1
EUC -025 -037 028 -0.90 -0.80 -0.46 040 035 0.71 1
EUT -030 -0.16 022 -0.68 -0.63 -040 040 025 052 0.66 1
EN 030 039 -038 094 -095 047 -060 -042 -072 -091 -0.74 1
C 0.09 0o -010 0 -007 -038 -0.03 -0.12 0.5 0.01 -0.03 -0.01 1
PP 058 034 -046 0.14 -0.10 043 -032 -049 -054 -036 -0.24 025 -0.03 1
Pielou J’ -0.17 -029 019 -08 -0.75 -040 046 026 057 073 070 -077 0.19 -0.05 1
Berger-Parker (d) | 035 037 -039 084 095 053 -0.69 -049 -0.71 -0.76 -0.71 093 -0.12 021 075 1
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