
tention towards sustainable farming practices, and has fa-
voured specific actions addressed to the restoration of nat-
ural patches in the agricultural landscape (Sanderson et al. 
2005). One of the main aims of the new Common Agricul-
tural Policy (CAP) regards the reduction of the negative 
trend that affects biodiversity, entrusting each European 
country with this specific task (de la Concha 2005, Oñate 
2005). In this context, developing a set of ecological indi-
cators appears a basic tool to monitor the effectiveness of 
actions and measures of agricultural plans for biodiversity 
conservation. In a growing series of instances, birds have 
been selected as such indicators (Van Strien 2004, Julliard 
et al. 2004, Gregory et al. 2005). The choice of birds is due 
to their sensitiveness and prompt response to the changes 
of the most important environmental factors (structure and 
composition of vegetation, degree of environmental pollu-
tion, climate, etc.; Diamond and Filion 1987, Koskimies 
and Väisänen 1991, Wilson and Fuller 2001). In particular, 
birds are considered among the best indicators of biodiver-
sity status in agricultural systems (Sauberer et al. 2004).
 Although almost all European countries have activated 
specific projects of bird population monitoring (Van Strien 
et al. 2001, EBCC 2004), more information is necessary, 
above all in Mediterranean regions where the available da-
ta on population trends are still localized and are not useful 
for large scale evaluation (Tellini Florenzano 2004, Santos 
2000).

INTRODUCTION

Farmland transformation that has occurred in Europe over 
the past 50 years (Meeus et al. 1990, Bouma et al. 1998, 
for Italy see Nanni 2002) have led to a dramatic decline 
in biodiversity (Davidson and Lloyd 1977, Robinson and 
Sutherland 2002). This biodiversity decline has been wide-
spread over the whole continent, concerning in particular 
birds (Tucker and Heath 1994, Tucker 1999, Fuller 2000, 
Burfield and Van Bommel 2004). Besides a general so-
cio-economic change, several causes have been involved 
in this transformation, but all may be related to moderni-
zation of agricultural techniques (Chamberlain et al. 1999, 
Chamberlain et al. 2000, Benton et al. 2002). The shift 
from an extensive management of farmland to intensive 
agricultural practices has reduced the environmental diver-
sity typical of traditional rural areas (Fuller 1995, Stoate 
1996, Krebs et al. 1999, Chamberlain et al. 2000). The 
important role of farmland for biodiversity maintenance 
is confirmed by the fact that it hosts the majority of bird 
species of conservation concern, so their preservation is 
considered a priority (Tucker 1997). Recent investiga-
tions have highlighted that at least 60% of open-habitat 
bird species decreased significantly in the period 1970-
2000 (Burfield and Van Bommel 2004). The awareness 
of the importance of combining crop productivity with bi-
odiversity conservation has determined an increasing at-
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In this paper we identify a set of species suitable to define 
an Italian farmland bird index (FBI). For this purpose we 
have used the data of MITO2000, the Italian Bird Monitor-
ing Scheme (Fornasari et al. 2004). 

STUDY AREA AND METHODS

The MITO2000 project was aimed at monitoring each of 
the 181 Italian 50 x 50 km UTM grid units (primary unit, 
PU). In each PU, four 10 x 10 km secondary units (SU) 
out of the existing 25 were randomly selected and 15 point 
counts were planned for each selected SU; point count lo-
cation within SUs were also randomly selected by extract-
ing 15 (out of 100) 1 x 1 km squares. Each point count was 
carried out as close to the centre of the square as possible. 
All birds identifiable by sight or song were recorded dur-
ing 10-min point counts in two distance belts (< 100 m and 
> 100 m from the observer).  Point counts were carried out 
in the May-June period. 
 To select the species typical of agricultural environ-
ments, we used the data collected in the whole Italian ter-
ritory in the first four years (2000-2003) of MITO2000 
project. Since some points-counts were repeated in dif-
ferent years, we considered only data collected in the first 
year in which each point was visited. We obtained a sam-
ple of 18329 point-counts. In the analysis, we started with 
the list of 103 target species selected for national moni-
toring (Fornasari et al. 2004), excluding those ones with 
a limited number of observations (present in less than 50 
point-counts) up to a final list of 98 species.
 We have identified the land use category (expressed as 
surface area) better related to the presence of each species 
by means of logistic regression with an automatically step-
wise procedure. Land use categories are those of CORINE 
Land Cover database (Büttner et al. 1998). The surface of 
each CORINE category was gathered inside a 100 m radius 
circle around each point-count directly by field collectors 
of Mito2000 project (Fornasari et al. 2002). The categories 
used for the analysis (Table 1) were established: 1) tak-
ing into account the necessity of defining in greater detail 
the preferences for agri-pastoral environments; 2) pooling 
the categories that are interpreted in a excessively different 
way by the field collectors (according to empirical verifica-
tion with some of them); 3) favouring an approach that has 
brought out the vegetation structure more than the origin 
of the categories (e.g., green urban areas were pooled with 
woods), since habitat selection by bird species is largely 
due to structural elements (e.g. Cody 1985).
 For each species, the point counts where it occurred 
were compared with as many points where it was absent 

(randomly selected in the sample, Manel et al. 2001) to 
identify the variable out of the 12 investigated categories 
(see Table 1) that was better related to the species presence 
(Wald statistics), considering only positive relationships. 
This procedure, addressed to select only one variable, ena-
bles to compare also variables clearly autocorrelated (e.g., 
one pooled variable and the original variables that form it, 
Draper and Smith 1998). 
 Finally, we considered only the species that were re-
lated to a ‘farmland’ variable (C-E and upper level group-
ings: N-R, see Table 1). Besides highlighting the response 
of single species, this procedure enables also to identify 
groups of species affected by the same variable (e.g., per-
manent crops or grassland). In addition, angular coefficient 
of the logistic regression (Hosmer and Lemeshow 2000) 
and the Area Under the ROC Curve (AUC, see McQuarrie 
and Tsai 1998), give a quantitative measures of the rela-
tionship between species occurrence and the selected vari-
able. It has to be noted that dealing with single variable 
models, ROC values are necessarily low. Nevertheless, the 
two showed values (ROC and angular coefficient) permit 
to compare response of different species to farmland vari-
ables. 
 Except the correlation between pooled variable and the 
original variables that form it, the ‘farmland’ variables and 
the other variables (wood, urban, etc, see Table 1), were 
poorly correlated (Spearman rank correlation < 0.5) reduc-
ing the possible problem of high colinearity between vari-
ables. 

RESULTS AND DISCUSSION

Out of the original 98 species, 44 (45%) showed a signifi-
cant response to one of the ‘farmland’ variables. In par-
ticular, eight species were associated with the N category 
(all agricultural and open land categories); 9 with the M 
category (agricultural landscapes); 2 with the R category 
(herbaceous land); 2 with the D category; 17 with the C 
category and 6 with the E category (Tab. 2). 
 The correspondence between the known ecological 
requirements of the species and our results appears good. 
The majority of species were associated with the surface 
occupied by “natural grasslands, pastures and sparsely 
vegetated areas”. This result confirms the importance of 
pastures and extensive zootechnical activities for the con-
servation of a high number of species (Redecker et al. 
2002), above all in mountain areas. S. curruca and S. borin 
are linked to mountain edge and shrubby habitats; their pri-
mary response to grassland might be related to the fact that 
in our sample there are many patchy situations or shrubby 
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grassland. A high number of species (19) was significant-
ly related to the three variables that were selected pooling 
categories of the lower level. Therefore, many species ac-
cept different kinds of agri-pastoral land uses, provided the 
availability of open habitats is adequate. Only two species 
were associated with each of the two categories “herba-
ceous land” and “arable land”, i.e. the more homogenous 
environments among the land use categories taken into ac-
count. In the first case, the involved species were Coturnix 
coturnix and Aluda arvensis, two species typical of grass-
land and steppe throughout a large set of altitudinal and ge-
ographical conditions; in the second case, the species were 
Motacilla flava, typical of lowland cultivated areas, and 
Corvus cornix, a generalist species that perhaps is mostly 
diffuse in wide cultivated lands.
 Except Buteo buteo, Delichon urbicum, Cettia cetti, 
Hippolais polyglotta, Carduelis cannabina,  and Ember-
iza cia, the other species which were used to produce the 
Italian version of the Pan-European FBI (Falco tinnun-
culus, Streptopelia turtur, Upupa epops, Galerida crista-
ta, Alauda arvensis, Hirundo rustica, Motacilla flava, 
Motacilla alba, Luscinia megarhynchos, Saxicola torqua-
ta, Cisticola juncidis, Lanius collurio, Pica pica, Corvus 
corone cornix, Sturnus vulgaris, Passer italiae, Passer 
hispaniolensis, Passer montanus, Serinus serinus, Cardue-
lis chloris, Carduelis carduelis, Milaria calandra) showed 
a significant response to one of the ‘farmland’ variables’ 

(Table 2). However, other 16 species that were not includ-
ed in the list for the Italian FBI were significantly related 
to ‘farmland’ variables’ (Table 2).

CONCLUSIONS

Our analysis contributes to the correct identification of the 
species mostly related to the agricultural landscape with an 
objective procedure that appears more trustworthy than an 
approach based on expert opinion. Our set of species in-
cluded also species with large ecological needs that often 
are arbitrarily excluded by expert judgement (Heldbjerg 
2004). Mending and refinement of this set of species are 
possible, but they have to be conducted according to un-
biased criteria. For example, species characterized by high 
annual fluctuations due to their biology (e.g., Coturnix co-
turnix see Gregory et al. 2005) or weather variations (e.g., 
Cisticola juncidis) might be excluded. These species might 
be identified with the data of monitoring projects such as 
Mito2000. 
 Due to the articulate response of the identified spe-
cies to different environmental variables, our set of species 
seems appropriate to satisfactorily represent the richness 
of rural landscapes present in Italy. In addition, this might 
enable more detailed analyses emphasizing, for example, 
the responses to specific environmental changes.

Table 1. Land use categories used for logistic regressions. Some ‘farmland’ land use categories were obtained pooling categories of the 
lower level: III level category, N = R + M; II level categories, R = C + D and M = D + E. 

land use category

Forests

Green urban areas

Shrubs

sclerophyllous vegetation

transitional woodland shrub

Natural grasslands

Pastures

sparsely vegetated areas

Arable land

Permanent crops

heterogeneous agricultural areas

Artificial surfaces

Wetlands

inland water

Seawater

Open spaces (except sparsely vegetated areas)

Corine code

3.1

1.4.1

3.2.2

3.2.3

3.2.4

3.2.1

2.3.1

3.3.3

2.1

2.2

2.4

1.1; 1.2; 1.3

4

5.1

5.2

3.3

I

A

B

C

D

E

F

G

H

Z

Level

IIIII

M 
RN
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	 The	possibility	of	calculating	an	overall	score	at	‘com-
munity’	 level	 by	 means	 of	 angular	 coefficient	 seems	 a	
good	 tool	 to	 discriminate	 subtle	 environmental	 transfor-
mations	evaluating,	in	a	simple	and	objective	manner,	the	
evolution	towards	‘less	agricultural’	communities,	both	at	
landscape	 scale,	 following	 for	 instance	 the	 expansion	 of	
forest	vegetation,	or	at	minor	scale	with	the	individuation	
of	 the	effects	due	 to	modifications	of	crops	or	 systemat-
ic	removal	of	structural	elements	(e.g.	tree	rows).	Indeed,	
these	environmental	changes	might	be	tracked	by	the	con-
sequent	decrease	or	disappearance	of	a	specific	component	
of	bird	community	(see	in	this	volume,	Londi	et al.	Assess-
ing woodland ecological characters through a new objec-
tive bird community index).	A	similar	approach	appears	es-
sential	to	identify	and	to	assess	the	priorities	for	the	con-
servation	and	management	of	complex	environmental	sys-
tems	such	as	the	Mediterranean	agricultural	ones.	
	 The	importance	of	elaborating	community	indices	has	
been	widely	demonstrated	(Canterbury	et al.	2000,	Grego-
ry	et al.	2005),	since	indices	based	on	data	of	single	spe-
cies	are	usually	unable	to	give	a	complete	picture	of	the	ef-
fects	produced	by	environmental	changes	and	to	take	into	
account	 the	 complexity	of	 	 interacting	 factors	 (Morrison	
1986,	Landres	et al.	1988).
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species

Falco tinnunculus

Melanocorypha calandra

Calandrella brachydactyla

Saxicola torquata

Sturnus vulgaris

Sturnus unicolor

Emberiza hortulana

Emberiza calandra

Coturnix coturnix

Alauda arvensis

Galerida cristata

Hirundo rustica

Luscinia megarhynchos

Cisticola juncidis

Oriolus oriolus

Pica pica

Passer domesticus italiae

Passer montanus

Carduelis carduelis

Anthus campestris

Anthus trivialis

Anthus spinoletta

Motacilla alba

Prunella modularis

Phoenicurus ochruros

Saxicola rubetra

Oenanthe oenanthe

Monticola saxatilis

Turdus torquatus

Turdus pilaris

Sylvia curruca

Sylvia borin

Lanius collurio

Corvus corone corone

Carduelis flammea

Emberiza citrinella

Motacilla flava

Corvus corone cornix

Streptopelia turtur

Upupa epops

Jynx torquilla

Passer hispaniolensis

Serinus serinus

Carduelis chloris

N+

1222

74

155

1870

3983

439

111

2013

518

2419

1571

5551

4473

1898

1556

3826

7180

2606

5681

278

561

403

1529

390

878

138

352

54

121

195

140

142

1069

334

145

327

934

6457

3347

1165

605

1188

4708

3945

a

0.012

0.046

0.038

0.019

0.015

0.012

0.019

0.023

0.025

0.032

0.028

0.017

0.011

0.018

0.006

0.021

0.021

0.020

0.010

0.028

0.050

0.055

0.013

0.031

0.034

0.035

0.034

0.035

0.038

0.030

0.033

0.030

0.019

0.028

0.031

0.041

0.043

0.011

0.009

0.014

0.011

0.014

0.017

0.010

ROC

0.618

0.825

0.808

0.664

0.643

0.613

0.652

0.704

0.747

0.791

0.785

0.679

0.626

0.682

0.570

0.720

0.729

0.708

0.619

0.848

0.665

0.901

0.591

0.731

0.764

0.872

0.858

0.820

0.794

0.717

0.794

0.712

0.625

0.703

0.789

0.774

0.860

0.590

0.561

0.610

0.612

0.625

0.657

0.595

land-use
cat.

N

N

N

N

N

N

N

N

R

R

M

M

M

M

M

M

M

M

M

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

D

D

E

E

E

E

E

E

Table 2.	List	of	species	whose	occurrence	was	significantly	relat-
ed	with	one	of	the	“farmland”	categories	(land-	use	cat.;	see	Ta-
ble	1	and	Methods);	for	each	species,	besides	the	number	of	point	
counts	in	which	it	occurred	(N+),	the	values	of	the	AUC	(ROC)	
and	angular	coefficient	of	the	logistic	regression	(a)	are	given.	
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