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Abstract

The wintering period represents a critical stage for avian survival and population dynamics. 
However, systematic monitoring during this phase remains scarce compared to the extensive 
research dedicated to the reproductive period and migration. To address this gap, we inves-
tigated the wintering raptor community in the Parmigiano Reggiano production area in the 
Province of Parma (northern Italy), a unique agro-ecosystem dominated by perennial forage 
crops, especially alfalfa Medicago sativa. We conducted roadside car transects during the win-
ter of 2025/2026 to estimate the population density using distance sampling, and to assess 
the habitat preferences of the two most abundant species: the Common Buzzard Buteo buteo 
and the Common Kestrel Falco tinnunculus. Survey data indicate a high density for both spe-
cies, with estimated densities of 2.61 ind./km² (95% CI: 1.63-4.18) for the Common Buzzard 
and 5.59 ind./km² (95% CI: 3.97-7.87) for the Common Kestrel. The Common Kestrel exhibited 
a strong roadside bias, requiring left-truncation to obtain unbiased estimates. Furthermore, 
habitat analysis showed a significant selection for forage crops by the Common Kestrel, con-
firming the key role of alfalfa in the agricultural matrix. We hypothesize that these densities, 
among the highest recorded in European lowlands, are driven by the synergy between the 
extensive availability of favourable habitats (i.e., forage crops) supporting high prey densities, 
and the increasing frequency of mild winters with no snow cover. This study establishes an 
important quantitative baseline for future winter monitoring, highlighting the importance of 
adopting distance sampling methods for effective large-scale bird surveys.

Keywords: alfalfa, Buteo buteo, distance sampling, Falco tinnunculus, habitat preferences, 
road counts, wintering raptors, roadside bias 

DR 0009-0001-3727-254X, LT 0009-0005-7221-5726, AP 0000-0003-0426-4794

Diego Rastelli1*, Lara Todeschini2,  
Alessandro Pavesi3

Perched above the fields: density and 
habitat selection of wintering raptors in 
an intensive farmland area in northern 

Italy

doi: 10.30456/avo.30994
Research articles

*corresponding author: Diego Rastelli rastellidiego01@gmail.com

1 Independent Researcher, Strada Argine Interna 30, Soragna 43019 (PR)
2 Independent Researcher, Via San Biagio 3, Treviolo 24048 (BG)
3 AsOER - Associazione Ornitologi dell'Emilia-Romagna ODV

Avocetta – vol. 50

https://orcid.org/0009-0001-3727-254X
https://orcid.org/0009-0005-7221-5726
https://doi.org/10.30456/avo.30994


Diego Rastelli et al.

2

INTRODUCTION
Birds of prey, occupying top or near-

top positions in trophic chains, serve as 
environmental sentinels and indicators 
while providing key ecosystem services 
(Donázar et al. 2016, O′Bryan et al. 2018). 
Monitoring their numbers is a fundamen-
tal tool for assessing population trends 
and understanding the effect of environ-
mental changes on biodiversity (Nikolov 
et al. 2006). This is particularly urgent in 
farmland habitats, where intensification 
and land-use changes have driven severe 
declines in farmland bird populations 
across Europe (Donald et al. 2001, Grego-
ry et al. 2005). However, monitoring pro-
grammes are predominantly undertaken 
during the reproductive period or migra-
tion, with comparatively few studies con-
ducted during the non-breeding season. 
Winter counts are crucial because this 
season is often considered a critical peri-
od for population regulation of many spe-
cies (Newton 1998). A complete under-
standing of the population ecology and 
trends requires monitoring programmes 
in wintering areas.

The Mediterranean basin represents 
a key wintering area for European raptor 
populations (Panuccio et al. 2019, Toffoli 
et al. 2025, Chiatante et al. 2026). Across 
Europe, wintering raptors are primarily 
associated with agricultural landscapes, 
showing a strong preference for open 
lowlands (Wuczyński 2005, Nikolov et al. 
2006, Jankowiak et al. 2015). These hab-
itats serve as crucial foraging grounds, 
where raptor presence and abundance 

are shaped by multiple factors such as 
food availability, weather conditions, 
habitat characteristics, migration strate-
gies, behavioural plasticity and flight ca-
pacity (Newton 1979, Wuczyński 2003, 
Chiatante 2026). Food availability, specifi-
cally the density and accessibility of small 
mammals, is often the primary driver of 
winter site selection, especially for ro-
dent specialists like the Common Kestrel 
Falco tinnunculus (Village 1990). In mod-
ern intensive agro-ecosystems, the in-
tensification of agriculture and the land-
use changes (e.g., the loss of permanent 
grasslands) have severely impacted rap-
tor populations (Butet et al. 2022). Con-
sequently, the persistence of wintering 
specialists strictly depends on the main-
tenance of specific high-quality habitats, 
particularly grasslands and perennial for-
age crops such as alfalfa Medicago sati-
va, which sustain key prey populations 
(Nemček 2013, Butet et al. 2022).

The Po Plain, in northern Italy, is a 
highly human-modified landscape char-
acterized by intensive agriculture, typical-
ly dominated by intensive annual crops 
(approximately 70% of the herbaceous 
agricultural matrix; ISTAT 2026). Howev-
er, the southeastern part of the Po Plain 
(i.e., the province of Parma) represents 
a notable exception. Here, the specific 
fodder requirements of the Parmigiano 
Reggiano PDO supply chain (Battini et al. 
2016) drive the maintenance of a land-
scape mosaic dominated by perennial 
forage crops (approximately 70% of the 
herbaceous agricultural matrix; ISTAT 
2026), particularly alfalfa. Concurrently, 
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from a climatic perspective, although the 
region is historically characterized by rigid 
winters with average minimum tempera-
tures around 0°C (1991-2020 reference 
period; Arpae 2022), it has recently expe-
rienced a marked warming trend (SNPA 
2025). This unique combination of high 
habitat suitability, ensured by the per-
sistence of fodder crops, and favourable 
mild conditions sustains key wintering 
populations of several raptor species, in-
cluding the Hen Harrier Circus cyaneus, 
Red Kite Milvus milvus, Common Buzzard 
Buteo buteo, Common Kestrel, Merlin 
Falco columbarius, and owls such as the 
Short-eared Owl Asio flammeus (Chiavet-
ta 1986, Bressan & Roscelli 2013). How-
ever, systematic monitoring of wintering 
populations is scarce, and objective data 
on abundance and trends are largely lack-
ing.

This study aims to estimate the den-
sity and the abundance of wintering 
raptors in the Po Plain in the Province of 
Parma and to evaluate the habitat prefer-
ences of the most common species, with 
a specific focus on the role of alfalfa and 
permanent grassland in supporting win-
tering populations. Specifically, we hy-
pothesized that (1) alfalfa may provide a 
highly suitable habitat for the most com-
mon wintering species in the study area, 
particularly the Common Kestrel and the 
Common Buzzard; (2) raptor distribution 
may be influenced by the presence of 
roads, which can provide perches from 
which individuals can hunt, potentially 
increasing the attractiveness of roadside 
areas. Since systematic data on the entire 

wintering raptor community in this area 
were previously lacking, our study estab-
lishes an important quantitative baseline 
for future population trend monitoring.

MATERIALS AND METHODS

Study area 
The study area is located in the south-

eastern Po Plain, within the Province of 
Parma (Emilia-Romagna, Northern Italy; 
centroid 44° 51’ 42” N 10° 14’ 37” E; Fig. 
1). Characterised by a temperate conti-
nental climate, the area covers approxi-
mately 1135 km² with elevation ranging 
from 15 to 199 m a.s.l. Geographically, 
the area is delimited to the north by the 
Po River and to the south by the 200 m 
contour line, which marks the ecological 
transition to the Apennine foothills. The 
eastern and western boundaries corre-
spond to the administrative limits of the 
Province of Parma. During the study pe-
riod (winter 2025-2026), December was 
characterized by a positive regional ther-
mal anomaly (+2.33 °C above the 1991-
2020 historical averages; Arpae 2026), 
with a regional mean temperature of 6.32 
°C. This anomaly was driven by both min-
imum temperatures, which were +2.63 
°C above the historical average, and max-
imum temperatures, which exceeded 
expectations by +2.05 °C. Total regional 
rainfall in December was 107.1 mm. In 
contrast, January aligned more closely 
with historical averages (-0.11 °C). The 
regional mean temperature was 3.10 °C, 
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with maximum temperatures below aver-
age (-0.78 °C), while minimums remained 
above average (+0.58 °C). Total rainfall in 
January was 66.7 mm (Arpae 2026). Cru-
cially for the wintering raptor community, 
we recorded a complete absence of snow 
cover in the study area throughout the 
entire study period. 

Figure 1. Map of the study area located in the 
Po Plain (northern Italy). The green lines indi-
cate the 13 roadside transects surveyed. The in-
set shows the location of the study area within 
Italy (red rectangle).

The landscape is dominated by inten-
sive agriculture, creating a mosaic of ara-
ble lands interspersed with synanthropic 
elements (Regione Emilia-Romagna 2023; 
Fig. 2). The area is also characterized by a 
dense network of drainage and irrigation 
canals and roads, often bordered by rows 
of utility poles or trees, which provide po-
tential perching sites for raptors. Notably, 
land use is strongly influenced by the Par-
migiano Reggiano PDO cheese industry, 

whose production specification rules do 
not allow silage and require that at least 
75% of the forage provided to cattle must 
be cultivated in the area (Mantovi et al. 
2015, Battini et al. 2016). According to 
administrative data (ISTAT 2026), forage 
crops cover 78.400 ha of the Province of 
Parma, representing 66.6% of the her-
baceous agricultural matrix. Specifically, 
alfalfa accounts for the majority of the 
surface (53.200 ha; 45.2%), while the 
remaining part (21.4%) is constituted by 
permanent grasslands and pastures con-
centrated in the Apennine foothills. Nota-
bly, the alfalfa exceeds the total area of all 
main annual crops combined (39.300 ha; 
33.4%). However, in our lowland study 
area during winter, the effective availa-
bility of forage crops is lower than these 
provincial statistics suggest. This differ-
ence is driven by two factors: (1) the ex-
clusion of upland pastures, concentrated 
in the foothills, and (2) the crop rotation 
of alfalfa fields, where senescent stands 
and fields prepared for new spring sow-
ing temporarily function as bare ground 
in winter. 

DATA COLLECTION

Road surveys 
Surveys were conducted using a line 

transect approach, a reliable method to 
count diurnal raptors, especially in open 
habitats and during the winter season 
(Fuller & Mosher 1981, Millsap et al. 
1988, McClure et al. 2021). This sampling 
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design was adapted from Boano & Toffo-
li (2002) and Toffoli et al. (2025), follow-
ing the McClure et al. (2021) operational 
standards (i.e., vehicle speed and detec-
tion conditions). Data collection covered 
13 transects (mean length ± SD = 9.8 ± 
0.4 km; range 9.0-10.5 km) separated by 
a minimum distance of 2 km. This sep-
aration ensured spatial independence 
and avoided double-counting, a strategy 
supported by the significant contraction 
of home ranges during the non-breed-
ing season (Damiani et al. 2022, Walls & 
Kenward 2020). Specifically, winter home 
ranges have been estimated at only 0.35 
km2 (range 0.24-0.45 km2) for the Com-
mon Buzzard (Weir & Picozzi 1983) and 
0.75 km2 (range 0.49-1.21 km2) for the 
Common Kestrel (Damiani et al. 2022). 
Furthermore, as an additional precaution 

to minimize the risk of double-counting of 
individuals moving between nearby areas 
across different days, spatially adjacent 
transects were grouped and surveyed 
consecutively on the same day (mean 
number of transects per daily session ± 
SD = 3.3 ± 0.6). Each transect was repeat-
ed three times between December 2025 
and January 2026; these replicates were 
pooled to achieve the recommended 
sample size for detection function mod-
elling (Buckland et al. 2001), resulting in a 
total sampling effort of 381.8 km. Despite 
potential temporal non-independence 
due to winter site fidelity, this approach 
ensured model stability and was validat-
ed by testing the consistency of encoun-
ter rates across visits. Regarding data 
truncation, we collected observations in 
the 0-300 m strip, excluding data beyond 

Figure 2. Proportions of different habitat types along the transects based on the 2020 Regional 
Land Use Map (Regione Emilia-Romagna, 2023). The study area is the southeastern Po Plain River 
included in the Province of Parma. Transect area refers to the area covered by the study transects 
(within a 300 m buffer on both sides of the transect).
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that distance. This threshold was adopt-
ed to ensure reliable distance binning and 
to minimize misclassification bias due to 
the compression of perspective at greater 
distances, a threshold consistent with es-
tablished standards for road transects of 
medium-sized raptors in open landscapes 
(Millsap & Lefranc 1988). The surveyed 
strip covered an area of approximately 78 
km², representing 6.8% of the total study 
area. Moreover, the land use along the 
transects is representative of the study 
area (Fig. 2). Observations were per-
formed by a team of two experienced ob-
servers (driver and detector) maintaining 
a low driving speed (range 15-40 km/h; 
mean speed ± SD = 33.7 ± 5.5 km/h), con-
sistent with the protocols recommended 
to maximize detection rates (McClure et 
al. 2021).

For each detection, we recorded the 
species and visually estimated the per-
pendicular distance from the transect 
line. Simultaneously, we characterized 
the habitat used by each individual and 
the type of perch employed. Habitat 
types were determined by direct obser-
vation in the field to ensure fine-scale 
accuracy compared to regional land-use 
maps. Habitat types were classified into 
five functional categories: alfalfa and 
permanent grasslands, winter cereals 
and other annual crops (including also 
ploughed fields and stubbles), network of 
watercourses and embankments (merg-
ing rivers, canals, and wetlands with their 
associated grassy levees and riparian 
vegetation), wooded and arboreal are-
as (including hedgerows, poplar groves, 

vineyards and fruit orchards), and urban 
areas (including farmsteads and paved 
roads). Perch types were categorized 
as: utility poles (concrete/wood), wires, 
trees, buildings, ground; individuals ob-
served in flight were also recorded.

To ensure unbiased density estimates, 
the survey design strictly adhered to dis-
tance sampling assumptions (Buckland et 
al. 2015). We assumed certainty of de-
tection on the transect line, a condition 
robustly met by the use of two observers 
in open habitats. Perpendicular distances 
were visually estimated by a single expe-
rienced observer to minimize inter-ob-
server variability and grouped into four 
intervals (0-50, 50-100, 100-200, 200-300 
m) to improve model stability. Specifical-
ly, the separation of the 0-50 m band al-
lowed for a fine-scale assessment of the 
roadside effect (Meunier et al. 2000). To 
satisfy the assumption of random tran-
sect placement within a non-random 
road network, we selected secondary 
roads with low traffic and surveyed dur-
ing central daylight hours (10:00-15:00). 
Finally, since target species exhibited soli-
tary behaviour, each detection was treat-
ed as an independent observation.

Assessment of habitat availabili-
ty 

To estimate the relative availability of 
different habitat types, we applied a ran-
dom point sampling approach using QGIS 
3.28 “Firenze” (QGIS Development Team 
2022). We generated random points 
along each transect with a density of 10 
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estimated only for the two most abun-
dant species: the Common Kestrel and 
the Common Buzzard. Population den-
sity was estimated using Conventional 
Distance Sampling (CDS; Buckland et al. 
1993, Buckland et al. 2015). To ensure ac-
curate variance estimation, the 13 tran-
sects were treated as independent spatial 
sampling units. Specifically, the distance 
data from the three temporal replicates 
were pooled for each line, and the cumu-
lative survey length (i.e., transect length 
multiplied by the number of visits) was 
set as the total effort for that specific 
sampling unit. Consistency in encounter 
rates across the three survey replicates 
was verified using Kruskal-Wallis tests to 
justify data pooling. Although distance 
sampling represents a powerful analyt-
ical framework to account for imperfect 
detection (Buckland et al. 1993, Buckland 
et al. 2015), this method has been rare-
ly applied to raptor density estimation to 
date (McClure et al. 2021), especially in 
Europe (with some exceptions, see Bo-
ano & Toffoli 2002, Nikolov et al. 2006, 
Baltag et al. 2013, Panuccio et al. 2019, 
Stevens et al. 2019, Toffoli et al. 2025, 
Chiatante et al. 2026). As recommend-
ed by Buckland et al. (1993) and Thom-
as et al. (2010), we tested four standard 
definitions for the detection function: (1) 
uniform key with cosine adjustments, (2) 
half-normal key with cosine adjustments, 
(3) half-normal key with Hermite polyno-
mial adjustments, and (4) hazard-rate key 
with simple polynomial adjustments. The 
most parsimonious model was selected 
based on Akaike Information Criterion 

points per km (total number of points = 
1260) within a fixed buffer of 300 m on 
both sides of the transect line (matching 
the survey truncation distance). To en-
sure spatial independence and minimize 
autocorrelation (i.e., preventing multiple 
points from falling within the same crop 
field), we imposed a minimum distance 
constraint of 50 m between points. This 
threshold was selected to capture the 
fine-scale heterogeneity of the land-
scape, ensuring the inclusion of narrow 
linear elements often missed by coarse-
scale maps. The habitat category corre-
sponding to each random point was re-
corded through direct field inspections 
conducted during the survey period. This 
procedure ensured that the recorded 
availability reflected the actual agricul-
tural landscape.

Data analysis
The analyses were performed in the 

statistical software R v.4.4.1 (R Core Team 
2024) with the packages Distance (Mill-
er et al. 2019), lmer (Bates et al. 2015), 
car (Fox & Weisberg 2019) and emmeans 
(Lenth 2025).

Density estimation and relative 
abundance 

Distance sampling analysis was re-
stricted to species with a sufficient sam-
ple size to robustly model the detection 
function (recommended minimum 60-
80 observations; Buckland et al. 1993). 
Consequently, population density was 



Diego Rastelli et al.

8

(AIC; Akaike 1998). For models with sim-
ilar support (ΔAIC ≤ 2), considering the 
principle of parsimony, the model with 
fewer parameters and a non-significant 
goodness-of-fit test was selected (Burn-
ham & Anderson 2002, Arnold 2010). 
Considering that data were binned, the 
goodness-of-fit of the models was as-
sessed by χ² tests (Buckland et al. 1993, 
Thomas et al. 2010).

Roadside surveys are a cost-effective 
method for monitoring raptors but are 
subject to inherent sampling biases (Mill-
sap & Lefranc 1988, McClure et al. 2021). 
A critical concern is the roadside bias, 
where the surveyed transect does not ac-
curately represent the land cover of the 
wider landscape (Harris & Haskell 2007). 
For diurnal raptors, this bias is often ex-
acerbated by a behavioural attraction to 
roadside infrastructure (e.g. utility lines, 
fences, road signs) used for perching and 
hunting (Meunier et al. 2000) or to for-
age on roadkilled animals (Walls & Ken-
ward 2020, Pavesi 2022). CDS assumes 
that transects are placed randomly with 
respect to the distribution of animals 
(Buckland et al. 2015). However, when 
density is higher near the transect line 
due to attractive features, density es-
timates derived from the full dataset 
may be positively biased (Marques et al. 
2010). Disentangling roadside attraction 
from baseline detectability requires com-
plex assumptions in line transect mod-
els (Marques et al. 2010). Therefore, we 
opted for a spatial exclusion approach. To 
estimate the density within the open ag-
ricultural matrix, we performed a second-

ary analysis applying left-truncation. We 
excluded the first distance interval (0-50 
m), which contains the road and associat-
ed infrastructure (especially pylons, road 
signals, poles, wires), and refitted the de-
tection functions using the remaining ob-
servations (50-300 m). This comparative 
approach performs a double function: it 
allows us to assess the potential attrac-
tive effect of road infrastructure by com-
paring density estimates derived from 
the full versus the truncated datasets, 
and, when such an effect is detected, it 
mitigates the influence of the roadside 
attraction zone to provide a more repre-
sentative estimate of the wider landscape 
density. In addition to density estimation, 
we calculated the kilometric abundance 
index (KAI), expressed as the number of 
individuals observed per linear kilometre 
(ind./km). This index was computed for 
all the recorded species to facilitate com-
parisons with previous studies conducted 
in similar agricultural landscapes. Finally, 
to compare our density estimates with 
those reported in previous studies, we 
performed Z tests (Buckland et al. 2001).

Habitat selection 
Habitat selection was evaluated by 

comparing habitat use and availability at 
the population level (Manly et al. 2002). 
Availability was estimated by generating 
random points within the study area, 
while use was defined by the frequency 
of raptor observations in each habitat 
category. First, we performed a Pearson’s 
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chi-square goodness-of-fit test (χ2) to 
determine if habitat use differed signifi-
cantly from availability, testing the null 
hypothesis of random habitat use. Upon 
rejection of the null hypothesis, we cal-
culated Manly’s Selection Ratios (wi) for 
each habitat category (i) using the formu-
la wi = ui / ai, where ui is the proportion of 
habitat used and ai is the proportion of 
habitat available. A wi value > 1 indicates 
a positive selection (preference), a value 
< 1 indicates negative selection (avoid-
ance), and a value ≈ 1 indicates use in 
proportion to availability, implying no re-
source selection. To assess the statistical 
significance of selection for each habitat 
category, we calculated 95% simultane-
ous Bonferroni-corrected confidence in-
tervals. Selection was considered statisti-
cally significant if the confidence interval 
for wi did not contain the value 1 (Manly 
et al. 2002).

Perch use analysis 
To investigate interspecific differenc-

es in perching strategies and reliance on 
anthropogenic infrastructure, we per-
formed a comparative analysis between 
Common Kestrel and Common Buzzard. 
Perch types were aggregated into two 
main functional categories to ensure ro-
bust sample sizes: anthropogenic (utility 
poles, wires, buildings, road signs) and 
natural (trees and ground). Birds ob-
served in flight were excluded from this 
analysis. We modelled the probability 
of using an anthropogenic perch using a 

Generalized Linear Mixed Model (GLMM) 
with a binomial error distribution and a 
logit link. Observations of birds perched 
on natural perches were coded as 0, 
whereas observations on anthropogenic 
perches were coded 1. The model includ-
ed Species as a fixed effect, while Transect 
ID and Visit (i.e., the transect repetition 
number, from 1 to 3) were included as 
random intercepts to account for spatial 
and temporal non-independence. Overall 
significance of the fixed effect was tested 
using a Wald chi-square test. Predicted 
probabilities of anthropogenic perch use 
were calculated using estimated margin-
al means. Residual temporal autocorre-
lation was assessed via Autocorrelation 
Function (ACF). Model performance was 
evaluated using marginal (R2

m ) and condi-
tional (R2

c) coefficients of determination. 

RESULTS
During the survey, we counted 671 

raptors of 5 species (Tab. 1). The mean 
KAI showed that Common Buzzard and 
Common Kestrel were the most abun-
dant species (CB: N = 178, KAI ± SD = 0.46 
± 0.29, CK: N = 489, KAI ± SD = 1.28 ± 
0.64). Both species were widely distribut-
ed across the study area, being observed 
on 13 transects out of 13 (100%). Nota-
bly, encounter rates remained consistent 
across the three replicates for both spe-
cies (Kruskal-Wallis test: Common Kestrel, 
P = 0.598; Common Buzzard, P = 0.468), 
confirming the temporal stability of the 
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wintering community during the study 
period. Excluding the Common Buzzard 
and Common Kestrel, which allowed for 
density estimation, abundance indices for 
other raptor species were generally low. 
The Hen Harrier (N = 2, KAI ± SD = 0.01 
± 0.02), Eurasian Sparrowhawk Accipiter 
nisus (N = 1, KAI < 0.01) and Red Kite (N = 
1, KAI < 0.01) were recorded occasionally. 

Common Buzzard density
During the survey, we counted 178 

Common Buzzards. Among the candi-
date models fitted to the data, the best 
detection probability function was the 
hazard-rate key with simple polynomial 
adjustments (Tab. 2; Fig. 3a). The good-
ness-of-fit of the model was good (χ2 = 
1.424, df = 1, P = 0.233). The average prob-
ability of detection was estimated to be 

0.30 ± 0.06 SE. The density was equal to 
2.61 ind./km² (SE = 0.56, CV = 24.0%, 95% 
CI = 1.63-4.18). To assess the potential 
influence of roadside bias, we repeated 
the analysis using a left-truncated dataset 
(Tab. 3, exclusion of the 0-50 m band; N = 
93). The resulting density estimate (2.10 
ind./km², SE = 0.54, CV = 25.7%, 95% CI 
= 1.27-3.48) was consistent with the unt-
runcated value, suggesting a negligible 
effect of roadside infrastructures on the 
spatial distribution of Common Buzzard. 

Comparisons with other European 
wintering grounds (Tab. 4) showed that 
the estimated Buzzard density was signif-
icantly higher than the values reported 
for Eastern Europe and Mediterranean is-
lands (P < 0.001), while qualitative assess-
ments indicated it was lower than specific 
Greek and Central European populations.

Table 1. Abundance and distribution of target species recorded during road transect surveys. For 
each species, data reported are the total number of individuals (N), the frequency of occupied tran-
sects (with percentage in parentheses), total sampling effort expressed in kilometres (km), and the 
kilometric abundance index (KAI) ± standard deviation (SD) expressed in individuals per kilometre 
(ind./km).

Species N KAI ± SD Frequency Total Effort

Common Buzzard 178 0.47 ± 0.29 13 (100%) 381.8

Common Kestrel 489 1.28 ± 0.64 13 (100%) 381.8

Hen Harrier 2 0.01 ± 0.02 2 (15.4%) 381.8

Red Kite 1 < 0.01 1 (7.7%) 381.8

Eurasian Sparrowhawk 1 < 0.01 1 (7.7%) 381.8
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Table 2. Conventional distance sampling models computed to estimate the density of wintering 
Common Buzzards and Common Kestrels in the Po Plain within the Province of Parma using the full 
dataset (0-300m). We show the model used (key + series adjustment), the AIC and its Δ versus the 
lowest, the coefficient of variation of the density (CV), and the average estimated detection proba-
bility (Pa). Selected models used for density estimation are in bold.

Model AIC ΔAIC CV (%) Pa​ (Mean ± SE)
Common Buzzard
              Hazard rate simple polynomial 447.54 0.00 24.0 0.30 ± 0.06
              Uniform cosine 449.15 1.62 18.2 0.34 ± 0.04
              Half normal cosine 469.73 22.19 15.6 0.46 ± 0.05
              Half normal Hermite polynomial 469.73 22.19 15.6 0.46 ± 0.05
Common Kestrel
              Hazard rate simple polynomial 959.66 0.00 15.1 0.23 ± 0.02
              Half normal cosine 963.53 3.88 13.6 0.23 ± 0.01
              Uniform cosine 989.87 30.22 14.0 0.29 ± 0.02
              Half normal Hermite polynomial 1044.24 84.59 14.2 0.30 ± 0.02

Table 3. Conventional distance sampling models computed to estimate the density of wintering 
Common Buzzards and Common Kestrels in the Po Plain within the Province of Parma using the 
truncated dataset (50-300m). We show the model used (key and series adjustment), the AIC and 
its Δ versus the lowest, the coefficient of variation of the density (CV), and the average estimated 
detection probability (Pa). Selected models used for density estimation are in bold.

Model AIC ΔAIC CV (%) Pa​ (Mean ± SE)
Common Buzzard
             Half normal cosine 199.76 0.00 25.7 0.25 ± 0.05
             Hazard rate simple polynomial 200.73 0.97 NA NA
             Uniform cosine 200.72 2.78 25.6 0.38 ± 0.08
             Half normal Hermite polynomial 205.77 6.02 18.7 0.48 ± 0.05
Common Kestrel
             Half normal cosine 321.41 0.00 17.1 0.16 ± 0.02
             Hazard rate simple polynomial 321.56 0.15 NA NA
             Uniform cosine 332.11 10.70 17.4 0.29 ± 0.04
             Half normal Hermite polynomial 337.04 14.63 14.2 0.30 ± 0.02

NA: Model failed to fit the shape of the truncated data, resulting in unreliable parameters 
(CV>1000%)
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Common Kestrel density
During the survey, we counted 489 

Common Kestrels. Among the candi-
date models fitted to the data, the best 
detection probability function was the 
hazard-rate key with simple polynomial 
adjustments (Tab. 2; Fig. 3b). The good-
ness-of-fit of the model was good (χ2 
= 0.410, df = 1, P = 0.522). The average 
probability of detection was estimated to 
be 0.23 ± 0.02 SE. The density was equal 
to 9.49 ind./km² (SE: 1.43, CV = 15.1%, 
95% CI = 6.96-12.93). To assess the po-
tential influence of roadside bias, we re-
peated the analysis using a left-truncated 
dataset (Tab. 3; exclusion of the 0-50 m 
band; N = 175). 

The truncated model yielded a mark-
edly lower density estimate of 5.59 ind./
km² (SE = 0.96, CV = 17.1%, 95% CI = 3.97-
7.87). The substantial difference (-41.1%) 
between the full and the truncated esti-
mates suggests a strong aggregative re-
sponse of the Common Kestrel to road-
side infrastructures. For the Common 
Kestrel, the estimated density was signif-
icantly higher than the values reported in 
other Italian and Mediterranean areas (P 
< 0.001; Tab. 2).

Habitat selection 
The analysis of habitat selection, based 

on 1260 random points characterizing 
the landscape availability contrasted with 
178 use points for the Common Buzzard 
and 489 points for the Common Kestrel, 
revealed that habitat use differed signif-

icantly from availability for both species 
(Tab. 5). The Common Kestrel exhibit-
ed a non-random habitat selection (χ2 = 
198.62, df = 4, P < 0.001). Most individuals 
were recorded in agricultural land (78.7% 
of observations). Within this category, 
alfalfa and permanent grassland hosted 
the highest abundance (55.4%), and were 
significantly selected (wi = 1.64, 95% CI = 
1.40-1.88), whereas annual crops were 
significantly avoided (23.3%, wi = 0.52, 
95% CI = 0.40-0.64). Wooded and arbo-
real areas showed a relatively high selec-
tion ratio (​wi = 2.35), although the selec-
tion was not statistically significant due to 
wide confidence intervals.  However, the 
strongest positive selection was recorded 
for the embankments and watercourses 
(wi = 2.85, 95% CI = 1.41-4.29), while ur-
ban areas were highly avoided (wi = 0.41, 
95% CI = 0.08-0.21, Fig. 4a). 

Similarly, the Common Buzzard 
showed a non-random habitat distribu-
tion (χ2= 189.58, df = 4, P < 0.001) and 
it was predominantly associated with 
agricultural land (72.9% of individuals). 
The Common Buzzard used alfalfa and 
permanent grasslands in proportion to 
their availability (41.8%, wi = 1.24, 95% 
CI = 0.93-1.54), while annual crops were 
significantly avoided (31.1%, wi = 0.70, 
95% CI = 0.48-0.90). Wooded and arbo-
real areas were used neutrally due to the 
wide confidence intervals, despite the 
high selection value (wi = 3.84, 95% CI = 
0.53-7.15). Finally, positive selection was 
recorded for embankments and water-
courses (wi = 4.32, 95% CI = 1.81-6.83), 
whereas urban areas were significantly 
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Species Area Density (ind/km²) Z-score P-value Reference
Common Buzzard

Parma 2.61 Current study
Piedmont 0.45-2.21 - - Toffoli et al. 2025
Sicily 0.36 3.57 <0.001 Panuccio et al. 2019
Crete 0.91 2.67 0.007 Panuccio et al. 2019
Bulgaria 0.34 3.60 <0.001 Nikolov et al. 2006
Romania 0.33-0.54 4.35 <0.001 Baltag et al. 2013
Poland 2.12 - - Wuczyński 2003
Western Grece 3.89 - - Chiatante et al. 2026

Common Kestrel
Parma 5.59 Current study
Piedmont 0.44 5.35 <0.001 Toffoli et al. 2025
Sicily 0.75 5.01 <0.001 Panuccio et al. 2019
Crete 0.10 5.72 <0.001 Panuccio et al. 2019

Table 4. Comparisons of winter densities (ind/km²) for the Common Buzzard and the Common 
Kestrel between the present study (Parma, southeastern Po Plain) and other European regions. 
Statistical comparisons were performed using Z-tests to evaluate differences between our esti-
mates and literature data. The reported Z-score represents the standardized difference, while the 
P-value indicates the statistical significance of this difference.

Figure 3. Detection function modelled to estimate the density of Common Kestrel and Common 
Buzzard. The upper panels show the models for the Common Kestrel using the full dataset (0-300 m; 
a) and the left-truncated dataset (50-300 m; b). The lower panels show the models for the Common 
Buzzard using the full dataset (0-300 m; c) and the left-truncated dataset (50-300 m; d). Data are 
grouped into intervals (bars), and the solid line represents the fitted detection function.
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Figure 4. Habitat selection of Common Kestrel (a) and Common Buzzard (b) wintering in the agricul-
tural landscape in the Province of Parma. Bars represent Manly’s standardized selection ratios (wi) 
for each habitat category. The horizontal dashed red line (wi = 1) indicates habitat use in proportion 
to availability. Error bars represent 95% simultaneous Bonferroni-corrected confidence intervals. 
Green bars indicate significant positive selection (preference), red bars indicate significant negative 
selection (avoidance), and grey bars indicate use proportional to availability (neutral selection).

Z-scores and P-values are reported only for studies where variance estimates (i.e., standard errors) 
were available in the original publication, allowing for statistical testing. Dashes (-) indicate studies 
where original data presentation mathematically precluded the calculation of Z-tests. In these cas-
es, comparisons remain qualitative.
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avoided (wi = 0.25, 95% CI = 0.01-0.50, 
Fig. 4b).

Perch use
We restricted the analysis of perch 

use to the two most abundant species: 
the Common Buzzard and the Common 
Kestrel. We analysed perch selection for 
548 individuals (excluding birds in flight). 

Although anthropogenic structures (i.e., 
wires, poles, pylons, road signs) were 
the primary perches for both species (ac-
counting for 73.8% of the used perches 
for the Kestrel and 62% for the Buzzard), 
the GLMM confirmed that the Common 
Kestrel used them significantly more 
than the Common Buzzard (χ2 = 7.26 , P = 
0.007). Based on the model the estimat-
ed probability of using an anthropogenic 

Species Habitat Use (%) Available 
(%) wi 95% CI Selection

Common Kestrel
Embankments and 
watercourse 10.4 3.7     2.84 1.41 - 4.28       +

Annual crops 23.3 44.8 0.52 0.40 - 0.64       -
Wooded and arboreal areas 4.5 1.9 2.35 0.68 - 4.11       =
Alfalfa and permanent grasslands 55.4 33.7 1.64 1.40 - 1.88       +
Urban areas 6.3 15.9 0.41 0.21 - 0.60       -

Common Buzzard
Embankments and watercourse 15.8 3.7     4.32 1.81 - 6.83       +
Annual crops 31.1 44.8 0.69 0.48 - 0.89       -
Wooded and arboreal areas 7.3 1.9 3.84 0.53 - 7.15       =
Alfalfa and permanent grasslands 41.8 33.7 1.24 0.93 - 1.54       =
Urban areas 4.0 15.9 0.25 0.01 - 0.50       -

Table 5. Habitat selection analysis for wintering Common Kestrel and Common Buzzard in the study 
area. For each habitat category, observed use (%) and landscape availability (%) are reported. Habi-
tat preference is described by Manly’s standardized selection ratio (wi) with its 95% Bonferroni-cor-
rected confidence interval (95% CI). The selection status indicates whether the habitat is signifi-
cantly selected (+), avoided (-), or used in proportion to availability (=).
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perch was 74.4% (95% CI = 68.7-79.4%) 
for the Common Kestrel, compared to 
62.7% (95% CI = 53.8-70.8%) for the Com-
mon Buzzard (R2

m = 0.018, R2
c = 0.038, 

Fig. 5). The inclusion of Transect ID (σ² = 
0.050) and Visit (σ² = 0.018) as random 
effects accounted for spatial and tempo-
ral dependencies, with negligible residual 
autocorrelation (maximum ACF peak at 
Lag 1 = 0.110, followed by an immediate 
decay to zero). The low variance of these 
random effects indicates that this inter-
specific difference remained consistent 
throughout the study.

DISCUSSION
This study provides the first density 

detection-corrected estimates for the 
complete wintering raptor community in 
the agricultural landscape in the Province 
of Parma, derived from roadside distance 
sampling. As emphasized by McClure et 
al. (2021), the adoption of standardized 
protocols that account for imperfect de-
tection is critical for rigorous raptor mon-
itoring. Unlike simple encounter rates 
(e.g., kilometric abundance index), which 
are sensitive to visibility biases and ob-
server variability (Anderson 2001, Rosen-
stock et al. 2002), density estimates de-
rived from distance sampling (Buckland 
et al. 2015) allow for robust and direct 
comparisons across different regions and 
time periods (McClure et al. 2021). In this 
context, the density estimates obtained, 
place the southeastern Po Plain among 
the most important wintering grounds 

in Europe. For the Common Buzzard, our 
density estimate (2.61 ind./km2) exceeds 
those reported in North-West Po Plain 
(0.45-2.21 ind./km2; Toffoli et al. 2025), 
and is substantially higher than those ob-
served in other European contexts (com-
parisons performed using  Z tests), such 
as in Eastern Europe (0.34 ind./km2 in Bul-
garia and 0.33-0.54 ind./km2 in Romania; 
Nikolov et al. 2006, Baltag et al. 2013) and 
in the Mediterranean Islands (0.36 ind./
km2 in Sicily and 0.91 ind./km2 in Crete; 
Panuccio et al. 2019). Instead, our results 
align with the high abundance recorded in 
Central Europe (2.12 ind./km2 in Poland; 
Wuczyński 2003), and are lower than 
the exceptional concentrations found in 
the protected Mediterranean wetlands 
of western Greece (3.89 ind./km2; Chi-
atante et al. 2026). Even more striking is 
the result for the Common Kestrel, whose 
density in our study area (5.59 ind./km2) 
stands in sharp contrast to the significant-
ly lower densities reported in other Ital-
ian landscapes (0.75 ind./km2 in Sicily and 
0.44 ind./km2 in Piedmont; Panuccio et al. 
2019, Toffoli et al. 2025). Since Common 
Kestrel wintering density is known to be 
strictly regulated by resource availability 
(Village 1990), such exceptional concen-
trations suggest that the local agricultural 
matrix provides highly suitable foraging 
habitats.

A critical finding of our study is the 
quantification of the roadside bias, a well-
known but often neglected issue in rap-
tor surveys (Meunier et al. 2000). While 
roads provide convenient transects, they 
often act as attractive areas for specif-
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selection strongly support this mecha-
nism: most Common Kestrels (73.8%; Fig. 
5) were detected on artificial structures, 
primarily power lines and poles running 
parallel to the road network. This heavy 
reliance on roadside perches for hunt-
ing concentrates individuals along the 
transect line, violating the assumption of 
random distribution required by standard 
census plots. Consequently, the adoption 
of distance sampling with left-truncation 
was mandatory to filter out this effect 
and obtain a more representative den-
sity for the open agricultural matrix. In 
contrast, the Common Buzzard showed 
a negligible roadside bias, with detec-
tion probabilities remaining stable across 

ic raptors, potentially leading to inflated 
density estimates if not properly correct-
ed (Meunier et al. 2000). Our analysis 
revealed a difference between the two 
target species. The Common Kestrel ex-
hibited a strong positive bias towards the 
roadside strip. Without the application 
of left-truncation (i.e., excluding obser-
vations within the first band of 0-50 m), 
the density estimate would have been 
overestimated by approximately 40%. 
This phenomenon aligns perfectly with 
the hypothesis of Meunier et al. (2000), 
who described how roadside verges and 
associated infrastructures attract certain 
raptors (i.e., Common Kestrel and Black 
Kite Milvus migrans). Our data on perch 

Figure 5. Proportional use of anthropogenic versus natural perches by Common Kestrel (F. tinnun-
culus) and Common Buzzard (B. buteo). Anthropogenic perches include pylons, wires, and poles; 
natural perches include trees and ground. The difference between species is significant (P < 0.01, 
GLMM).
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(SNPA 2025), leading to the virtual disap-
pearance of prolonged snow cover during 
our study period, has likely removed a 
critical limiting factor. Indeed, snow cov-
er prevents access to small mammals, 
and its absence makes this resource con-
stantly accessible throughout the winter. 
Moreover, regarding the demographic 
increment of the Common Buzzard, long-
term monitoring in the neighbouring 
Lombardy region (1992-2016) document-
ed a mean annual increase of +3.5% spe-
cifically in the lowland (Bani et al. 2016). 
This climatic and demographic facilitation 
interacts with the unique Parmigiano 
Reggiano agro-ecosystem, creating op-
timal conditions for the Common Kes-
trel as well. Although historical density 
benchmarks are lacking for this falcon in 
the area, its exceptional current density 
clearly points to a super-abundance of 
resources. It is worth noting that, in the 
Parma area, high densities of Common 
Kestrels are observed even during the 
breeding season (Casagrande et al. 2008), 
and the species co-occurs with other rap-
tors such as the Red-footed Falcon Falco 
vespertinus (Calabrese et al. 2020) and 
Lesser Kestrels Falco naumanni (Roscelli 
& Ravasini 2009). The production specifi-
cations for the Parmigiano Reggiano PDO 
(Mantovi et al. 2015, Battini et al. 2016) 
necessitate the widespread cultivation 
of alfalfa and permanent grassland. Con-
sequently, this area represents a prime 
example of the agroecosystems domi-
nated by herbaceous crops identified as 
fundamental for multi-taxa conservation 
across Italy (Dalpasso et al. 2025), and 

distance bands. This suggests a more 
uniform spatial distribution, likely due 
to a different hunting strategy or perch 
selection that includes trees and ground 
positions scattered throughout the fields 
(Fig. 5), rather than being strictly teth-
ered to roadside infrastructure. These 
results underscore that simple encounter 
rates (e.g. KAI) calculated from roads may 
be reliable for some species, such as the 
Common Buzzard, but are heavily biased 
for others, such as the Common Kestrel, 
unless the availability of perches is stand-
ardised or highly comparable across the 
surveyed areas. This reinforces the need 
for correction protocols that account for 
both species-specific behaviours and en-
vironmental features.

Comparison with historical data fur-
ther highlights the significance of our 
findings, particularly for the Common 
Buzzard. Ravasini (1995), monitoring this 
species in Parma between 1980 and 1995, 
reported wintering densities of 0.6-1.2 
ind./km², describing a negative correla-
tion with the presence of snow cover. Our 
current estimate for the Common Buzzard 
(2.61 ind./km²) is more than double these 
historical maxima. This increase likely re-
sults from the synergy of methodological 
and ecological factors. Methodologically, 
historical estimates derived from uncor-
rected counts often underestimate true 
abundance compared to distance sam-
pling. Ecologically, the observed density is 
likely driven by the synergy between the 
favourable climate conditions and the in-
crease of lowland breeding pairs. Specifi-
cally, the warming trend recorded in Italy 
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lection of alfalfa and permanent grass-
land (wi = 1.64), confirming that the latter 
acts as the fundamental carrying matrix 
supporting the bulk of the population. 
Similarly, the Common Buzzard showed 
an avoidance of annual crops (wi = 0.69), 
but the use of alfalfa and permanent 
grassland, although statistically neutral, 
exhibited a positive tendency (wi = 1.24). 
Both species converged in showing the 
strongest positive selection for the net-
work of embankments and watercourses 
(wi > 2.8). These linear features, despite 
covering a marginal fraction of the land-
scape (3.7%), function as vital hunting 
infrastructures within the flat plain. They 
offer a dual advantage: structural support 
(trees for perching) and permanent grassy 
margins where prey remains accessible 
even when adjacent fields are managed 
or flooded. From an agronomic perspec-
tive, the high abundance of raptors may 
offer an important ecosystem service. In-
deed, the Common Kestrel is recognised 
as a biological control agent against small 
mammal outbreaks and insects (Paz-Lu-
na et al. 2013, Montoya et al. 2021). By 
naturally regulating rodent populations 
harmful to agriculture, high densities of 
wintering raptors can reduce the use of 
chemical products that cause severe det-
rimental effects on biodiversity (Montoya 
et al. 2021, Akinsorotan et al. 2023).

Finally, we acknowledge two meth-
odological constraints in our study. First, 
regarding the spatial sampling, prioritiz-
ing a higher number of independent, sin-
gle-visit transects would have been the 
optimal design to maximize spatial cover-

specifically in sustaining farmland biodi-
versity within the Po Plain (Assandri et 
al. 2023). From a functional perspective, 
unlike annual crops where regular deep 
tillage suppresses vole densities (Jacob 
2003), alfalfa is a poly-annual crop that 
maintains soil stability. This lack of dis-
turbance preserves burrow systems and 
maintains significantly higher vole densi-
ties compared to cereal crops (Jareño et 
al. 2015, Rodríguez-Pastor et al. 2016). 
This mechanism explains the habitat pref-
erences observed in other European con-
texts, such as in Slovakia, where Nemček 
(2013) confirmed that both Common 
Kestrels and Common Buzzards active-
ly select alfalfa while avoiding annual 
crops and ploughed fields. However, a 
fundamental difference distinguishes our 
system. In Nemček’s study area, alfalfa 
covered only a small fraction of the land-
scape and winter conditions were severe, 
while in our study area, alfalfa constitutes 
an important portion of the agricultural 
matrix. Furthermore, since snow cover is 
known to drastically reduce prey accessi-
bility by offering a subnivean refuge for 
voles (Sonerud 1986), the lack of snow in 
the Po Plain maximizes hunting efficien-
cy. Thus, the synergy between prey per-
sistence (ensured by widespread alfalfa) 
and high accessibility (due to snow ab-
sence) explains the unprecedented den-
sities recorded. 

Our analysis of habitat selection pro-
vides empirical support for this ecological 
interpretation. For the Common Kestrel, 
the significant avoidance of annual crops 
(wi = 0.52) contrasts with the positive se-
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primarily driven by the specific manage-
ment of the Parmigiano Reggiano supply 
chain. The widespread persistence of al-
falfa and permanent grassland creates a 
stable habitat that, unlike intensive annu-
al crops, sustains high biodiversity levels 
even within a highly anthropized matrix. 
From a methodological perspective, this 
work underscores the urgency of shifting 
from simple encounter rates (e.g., KAI) to 
standardized detection-corrected proto-
cols. We demonstrated that for species 
attracted to infrastructure, such as the 
Common Kestrel, traditional road counts 
can lead to significant overestimations if 
roadside bias is not explicitly modelled 
and corrected. Roadside distance sam-
pling proved to be a highly cost-effective 
and time-efficient technique, requiring 
limited resources while providing robust 
density estimates comparable across dif-
ferent regions and periods. Therefore, 
we strongly encourage the replication of 
this protocol in other Italian and Europe-
an agricultural contexts. A standardized 
monitoring network is necessary to accu-
rately track raptor population trends and 
disentangle the complex effects of envi-
ronmental changes and land-use intensi-
fication on raptors.

REFERENCES
1.	 Anderson D.R. 2001. The need to get the 

basics right in wildlife field studies. Wildlife 
Society Bulletin 29(4): 1294–1297. https://
www.jstor.org/stable/3784156 

2.	 Akaike H. 1998. Information Theory and an 
Extension of the Maximum Likelihood Prin-

age. However, this approach was unfea-
sible due to the highly fragmented study 
area and the strict requirement for con-
tinuous, slow-traffic roads separated by 
at least 2 km. Consequently, our reliance 
on repeated surveys of the same 13 tran-
sects introduces a degree of temporal 
non-independence, given the strong site 
fidelity of wintering raptors. While pool-
ing these observations was necessary 
to achieve the minimum sample size re-
quired for robust detection function mod-
elling, this trade-off was justified by the 
high consistency in encounter rates across 
replicates. Nonetheless, we acknowledge 
that this design limits our ability to fully 
capture the broader spatial variance of 
the study area. To address this gap, future 
studies aiming to capture broader spatial 
variance should consider expanding the 
geographical scope (e.g., at a multi-prov-
ince or regional scale) to accommodate a 
wider network of independent transects. 
Second, the perpendicular distances 
were estimated visually rather than using 
a laser rangefinder. While this introduces 
a degree of estimation error, mitigating 
this bias by grouping distances into wid-
er intervals offers a highly practical and 
standardized methodological framework. 
Although this binning strategy results in 
fewer intervals, potentially reducing the 
power of goodness-of-fit tests, it prevents 
the introduction of false precision.

To date, our study identifies the ag-
ricultural landscape in the Province of 
Parma as one of the wintering hotspots 
of European importance for some spe-
cies of diurnal raptors. The abundance is 

https://www.jstor.org/stable/3784156
https://www.jstor.org/stable/3784156


Perched above the fields

21

L.E. 2013. Common Buzzard (Buteo bu-
teo) population during winter season in 
North-Eastern Romania: the influences of 
density, habitat selection, and weather. 
Ornis Fennica 90: 186–192.  https://doi.
org/10.51812/of.133833 

9.	 Bani L., Luppi M. & Orioli V. 2016. Moni-
toraggio dell’avifauna nidificante in Lom-
bardia per l’anno 2016. Relazione tecnica, 
Università degli Studi di Milano-Bicocca e 
Regione Lombardia.

10.	 Bates D., Mächler M., Bolker B. & Walker S. 
2015. Fitting Linear Mixed-Effects Models 
Using lme4. Journal of Statistical Software 
67(1): 1–48. https://doi.org/10.18637/jss.
v067.i01 

11.	 Battini F., Agostini A., Tabaglio V. & Ama-
ducci S. 2016. Environmental impacts of 
different dairy farming systems in the Po 
Valley. Journal of Cleaner Production 112: 
91–102. https://doi.org/10.1016/j.jcle-
pro.2015.09.062

12.	 Boano G. & Toffoli R. 2002. A line transect 
survey of wintering raptors in the western 
Po Plain of northern Italy. Journal of Raptor 
Research 36: 128–135.

13.	 Bressan P. & Roscelli F. 2013. Eccezionale 
svernamento di Gufo di palude Asio flam-
meus nella Bassa Parmense. Picus 39: 29–
33.

14.	 Buckland S.T., Anderson D.R., Burnham K.P. 
& Laake J.L. 1993. Distance sampling. Es-
timating abundance of biological popula-
tions. Chapman and Hall, London. https://
doi.org/10.2307/2532812 

15.	 Buckland S.T., Anderson, D.R., Burn-
ham K.P., Laake J.L., [...] & Thomas L. 
2001. Introduction to Distance Sam-
pling: Estimating Abundance of Biologi-
cal Populations. Oxford University Press. 
Oxford, UK. https://doi.org/10.1093/
oso/9780198506492.001.0001

16.	 Buckland S.T., Rexstad E.A., Marques T.A. 
& Oedekoven C.S. 2015. Distance sam-

ciple. In: Parzen E., Tanabe K. & Kitagawa G. 
(eds), Selected Papers of Hirotugu Akaike. 
Springer Series in Statistics. Springer, New 
York, USA. https://doi.org/10.1007/978-1-
4612-1694-0_15 

3.	 Akinsorotan O.A., Akinsorotan A.M., Ade-
wale R.O. & Akande A.B. 2023. Detrimental 
Effects of Agrochemical-Based Agricultural 
Intensification on Biodiversity: Evidence 
from Some Past Studies. In: Ogwu M.C. & 
Chibueze Izah S. (eds) One Health Impli-
cations of Agrochemicals and their Sus-
tainable Alternatives. Sustainable Devel-
opment and Biodiversity, vol 34. Springer, 
Singapore, SG pp. 275–298. https://doi.
org/10.1007/978-981-99-3439-3_10

4.	 Arnold T.W. 2010. Uninformative parame-
ters and model selection using Akaike’s In-
formation Criterion. The Journal of Wildlife 
Management 74(6): 1175–1178. https://
doi.org /10.1111/j .1937-2817.2010.
tb01236.x

5.	 Arpae 2022. Tabelle climatologiche 1991-
2022. Agenzia regionale prevenzione am-
biente energia Emilia-Romagna. Available 
at: https://www.arpae.it/it/temi-ambien-
tali/clima/dati-e-indicatori/tabelle-climat-
iche

6.	 Arpae 2026. Bollettino Idro-Meteo-Clima, 
2026. Agenzia regionale prevenzione am-
biente energia Emilia-Romagna. Available 
at: https://www.arpae.it/it/temi-ambien-
tali/meteo/report-meteo/bollettini-men-
sili

7.	 Assandri G., Bazzi G., Siddi L., Nardelli R., 
[...] & Morganti M. 2023. The occurrence 
of a flagship raptor species in intensive 
agroecosystems is associated with more 
diverse farmland bird communities: op-
portunities for market-based conserva-
tion. Agriculture, Ecosystem & Environ-
ment 349. https://doi.org/10.1016/j.
agee.2023.108441 

8.	 Baltag E.S., Pocora V., Sfîcã L. & Bolboacã 

https://doi.org/10.51812/of.133833
https://doi.org/10.51812/of.133833
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1016/j.jclepro.2015.09.062
https://doi.org/10.1016/j.jclepro.2015.09.062
https://doi.org/10.2307/2532812
https://doi.org/10.2307/2532812
https://doi.org/10.1093/oso/9780198506492.001.0001
https://doi.org/10.1093/oso/9780198506492.001.0001
https://doi.org/10.1007/978-1-4612-1694-0_15
https://doi.org/10.1007/978-1-4612-1694-0_15
https://doi.org/10.1007/978-981-99-3439-3_10
https://doi.org/10.1007/978-981-99-3439-3_10
https://doi.org/10.1111/j.1937-2817.2010.tb01236.x
https://doi.org/10.1111/j.1937-2817.2010.tb01236.x
https://doi.org/10.1111/j.1937-2817.2010.tb01236.x
https://www.arpae.it/it/temi-ambientali/clima/dati-e-indicatori/tabelle-climatiche
https://www.arpae.it/it/temi-ambientali/clima/dati-e-indicatori/tabelle-climatiche
https://www.arpae.it/it/temi-ambientali/clima/dati-e-indicatori/tabelle-climatiche
https://www.arpae.it/it/temi-ambientali/meteo/report-meteo/bollettini-mensili
https://www.arpae.it/it/temi-ambientali/meteo/report-meteo/bollettini-mensili
https://www.arpae.it/it/temi-ambientali/meteo/report-meteo/bollettini-mensili
https://doi.org/10.1016/j.agee.2023.108441
https://doi.org/10.1016/j.agee.2023.108441


Diego Rastelli et al.

22

annual variation in home-range and seden-
tary behaviour in Common Kestrels breed-
ing in central Italy. Avocetta 46: 87–96. 
https://doi.org/10.30456/avo.2022203

25.	 Donald P.F., Green R.E. & Heath M.F. 2001. 
Agricultural intensification and the collapse 
of Europe’s farmland bird populations. Pro-
ceedings of the Royal Society B 268: 25–29. 
https://doi.org/10.1098/rspb.2000.1325

26.	 Donázar J.A., Cortés-Avizanda A., Fargallo 
J.A., Margalida A., [...] & Serrano D. 2016. 
Roles of raptors in a changing world: From 
flagships to providers of key ecosystem 
services. Ardeola 63:181–234. https://doi.
org/10.13157/arla.63.1.2016.rp8

27.	 Fox J. & Weisberg S. 2019. An R Compan-
ion to Applied Regression. Sage, Thousand 
Oaks, CA, 3rd ed. https://www.john-fox.
ca/Companion/.

28.	 Fuller M.R. & Mosher J.A. 1981. Methods 
of detecting and counting raptors: a re-
view. Studies in Avian Biology 6: 235–246.

29.	 Gregory, R.D., van Strien A., Vorisek P., 
Gmelig Meyling A.W., [...] & Gibbons D.W. 
2005. Developing indicators for Europe-
an birds. Philosophical Transactions of 
the Royal Society B: Biological Scienc-
es 360(1454): 269–288. https://doi.
org/10.1098/rstb.2004.1602

30.	 Harris G.M. & Haskell D.G. 2007. Land 
cover sampling biases associated with 
roadside bird surveys. Ecology 88(6): 
1530–1540. https://doi.org/10.5751/ACE-
00201-020212

31.	 ISTAT 2026. Agricultural crops data. I.Stat 
Data Warehouse. Retrieved from http://
dati.istat.it/

32.	 Jacob J. 2003. Short-term effects of farm-
ing practices on populations of common 
voles. Agriculture Ecosystem Environment 
95: 321–325. https://doi.org/10.1016/
S0167-8809(02)00084-1

33.	 Jankowiak L., Antczak M., Kwieciñski Z., 
Szymañski P., [...] & Tryjanowski P. 2015. 

pling: methods and applications. Springer, 
New York, USA. https://doi.org/10.1111/
biom.12617

17.	 Burnham K.P. & Anderson D.R. 2002. Mod-
el selection and multimodel inference: A 
practical information-theoretic approach 
(2nd ed.). Springer-Verlag, New York, USA. 
https://doi.org/10.1007/b97636 

18.	 Butet A., Rantier Y. & Bergerot B. 2022. 
Land use changes and raptor population 
trends: A twelve-year monitoring of two 
common species in agricultural land-
scapes of Western France. Global Ecology 
and Conservation 34: e02027. https://doi.
org/10.1016/j.gecco.2022.e02027.

19.	 Calabrese L., Mucciolo A., Zanichelli A. & 
Gustin M. 2020. Effects of nest boxes on 
the most important population of red-foot-
ed falcon Falco vespertinus in Italy. Conser-
vation Evidence 20: 35–39.  

20.	 Casagrande S., Nieder L., Di Minin E., La 
Fata I. & Csermely D. 2008. Habitat uti-
lization and prey selection of the kes-
trel Falco tinnunculus in relation to small 
mammal abundance. Italian Journal of 
Zoology 75(4): 401–409. https://doi.
org/10.1080/11250000802085526 

21.	 Chiatante G., La Russa L. & Agostini N. 
2026. Factors affecting the abundance of 
wintering raptors in Mediterranean wet-
lands. Bird Study 73(1): 49–60. https://doi.
org/10.1080/00063657.2025.2598022

22.	 Chiavetta M. 1986. Main wintering areas 
of Falconiformes in Italy with some data on 
the species. Supplemento alle Ricerche di 
Biologia della Selvaggina 10: 73–90.

23.	 Dalpasso A., Francesco G., Calvi G., Costan-
zo A., [...] & Brambilla M. 2025. High nature 
value farmlands to identify crucial agroe-
cosystems for multi-taxa conservation. Bio-
logical Conservation 305: 111094, https://
doi.org/10.1016/j.biocon.2025.111094 

24.	 Damiani G., Jennings V., Dell’Omo G. & 
Costantini D. 2022. GPS-tracking reveals 

https://doi.org/10.30456/avo.2022203
https://doi.org/10.1098/rspb.2000.1325
https://doi.org/10.13157/arla.63.1.2016.rp8
https://doi.org/10.13157/arla.63.1.2016.rp8
https://doi.org/10.5751/ACE-00201-020212
https://doi.org/10.5751/ACE-00201-020212
http://dati.istat.it/
http://dati.istat.it/
https://doi.org/10.1016/S0167-8809(02)00084-1
https://doi.org/10.1016/S0167-8809(02)00084-1
https://doi.org/10.1111/biom.12617
https://doi.org/10.1111/biom.12617
https://doi.org/10.1007/b97636
https://doi.org/10.1016/j.biocon.2025.111094
https://doi.org/10.1016/j.biocon.2025.111094


Perched above the fields

23

org/10.1016/S0006-3207(99)00094-4
41.	 Miller D.L., Rexstad E., Thomas L., Marshall 

L. & Laake J.L. 2019. Distance Sampling in 
R. Journal of Statistical Software, 89(1): 
1–28. https://doi.org/10.18637/jss.v089.
i01

42.	 Millsap B.A. & Lefranc M.N. 1988. Road 
Transect Counts for Raptors: How Relia-
ble Are They? Journal of Raptor Research 
22(1): 8–16.

43.	 Montoya A., Cabodevilla X., Fargallo J.A., 
Biescas E., [...] & Villanúa D. 2021. Verte-
brate diet of the common kestrel (Falco 
tinnunculus) and barn owl (Tyto alba) in 
rain-fed crops: implications to the pest con-
trol programs. European Journal of Wildlife 
Research 67: 79. https://doi.org/10.1007/
s10344-021-01515-0

44.	 Nemček V. 2013. Abundance of raptors and 
habitat preferences of the common buz-
zard Buteo buteo and the common kestrel 
Falco tinnunculus during the non-breeding 
season in an agricultural landscape (west-
ern Slovakia). Slovak Raptor Journal 7: 
37–42. https://doi.org/10.2478/SRJ-2013-
0007

45.	 Newton I. 1979. Population ecology of rap-
tors. T & AD Poyser, Berkhamsted, UK. 

46.	 Newton I. 1998. Population limitation in 
birds. Academic Press, London, UK. https://
doi.org/10.1016/B978-0-12-517365-0.
X5000-5

47.	 Nikolov S., Spasov S. & Kambourova N. 
2006. Density, number and habitat use of 
Common Buzzard (Buteo buteo) winter-
ing in the lowlands of Bulgaria. Buteo 15: 
39–47 

48.	 O′Bryan C.J., Braczkowski A.R., Beyer H.L., 
Carter N.H., [...] & McDonald-Madden E. 
2018. The contribution of predators and 
scavengers to human well-being. Nature 
Ecology & Evolution 2: 229–236. https://
doi.org/10.1038/s41559-017-0421-2

49.	 QGIS Development Team 2022. QGIS Geo-

Diurnal raptor community wintering in an 
extensively used farmland. Ornis Fennica 
92(2), 76–86. https://doi.org/10.51812/
of.133870 

34.	 Jareño D., Viñuela J., Luque-Larena J.J., 
Arroyo L., [...] & Mougeot F. 2015. Factors 
associated with the colonization of agri-
cultural areas by common voles Microtus 
arvalis in NW Spain. Biological Invasions 
17: 2315–2327. https://doi.org/10.1007/
s10530-015-0877-4

35.	 Lenth R.V. 2025. emmeans: Estimated Mar-
ginal Means, aka Least-Squares Means. 
R package version 1.11.2-8. https://
CRAN.R-project.org/package=emmeans

36.	 Manly B.F., McDonald L.L., Thomas D.L., 
McDonald T.L. & Erickson W.P. 2002. Re-
source selection by animals: statistical de-
sign and analysis for field studies. Kluwer 
Academic Publishers, Dordrecht, the Neth-
erlands.

37.	 Mantovi P., Dal Prà A., Pacchioli M.T. & Lig-
abue M. 2015. Forage production and use 
in the dairy farming systems of Northern 
Italy. In: Proc. 18th European Grassland 
Federation Symposium. Grassland Science 
in Europe Vol. 20 - Grassland and Forages 
in High Output Dairy Farming Systems. Wa-
geningen UR Livestock Research, Wagenin-
gen, the Netherlands pp. 67–77.

38.	 Marques T.A., Buckland S.T., Borchers D.L., 
Tosh D. & McDonald R.A. 2010. Point Tran-
sect Sampling Along Linear Features. Bi-
ometrics 66(4): 1247–1255. https://doi.
org/10.1111/j.1541-0420.2009.01381.x

39.	 McClure C.J., Carignan A. & Buij R. 2021. 
Lack of standardization in the use of road 
counts for surveying raptors. Ornitho-
logical Applications 123(1) https://doi.
org/10.1093/ornithapp/duaa061

40.	 Meunier F., Verheyden C. & Jouventin P. 
2000. Use of roadsides by diurnal raptors 
in agricultural landscapes. Biological Con-
servation 92(3): 291–298. https://doi.

https://doi.org/10.1016/S0006-3207(99)00094-4
https://doi.org/10.1007/s10344-021-01515-0
https://doi.org/10.1007/s10344-021-01515-0
https://doi.org/10.1016/B978-0-12-517365-0.X5000-5
https://doi.org/10.1016/B978-0-12-517365-0.X5000-5
https://doi.org/10.1016/B978-0-12-517365-0.X5000-5
https://doi.org/10.51812/of.133870
https://doi.org/10.51812/of.133870
https://doi.org/10.1007/s10530-015-0877-4
https://doi.org/10.1007/s10530-015-0877-4
https://cran.r-project.org/package=emmeans
https://cran.r-project.org/package=emmeans
https://doi.org/10.1111/j.1541-0420.2009.01381.x
https://doi.org/10.1111/j.1541-0420.2009.01381.x
https://doi.org/10.1093/ornithapp/duaa061
https://doi.org/10.1093/ornithapp/duaa061
https://doi.org/10.1016/S0006-3207(99)00094-4


Diego Rastelli et al.

24

bird counting techniques: current practices 
and an alternative. The Auk 119(1): 46–53.  
https://doi.org/10.1093/auk/119.1.46

59.	 SNPA 2025. Il clima in Italia nel 2024, Re-
port ambientali SNPA, n. 44/2025 https://
www.snpambiente.it/wp-content/up-
loads/2025/07/Rapporto-SNPA-Il-clima-in-
Italia-nel-2024.pdf

60.	 Sonerud G.A. 1986. Effect of snow cover on 
seasonal changes in diet, habitat, and re-
gional distribution of raptors that prey on 
small mammals in boreal zones of Fennos-
candia. Ecography 9: 33–47. https://doi.
org/10.1111/j.1600-0587.1986.tb01189.x

61.	 Stevens M., Murn C. & Hennessey R. 2019. 
Population change of Red Kites Milvus mil-
vus in central southern England between 
2011 and 2016 derived from line transect 
surveys and multiple covariate distance 
sampling. Acta Ornithologica 54(2): 243–
253. https://doi.org/10.3161/00016454
AO2019.54.2.010 

62.	 Thomas L., Buckland S.T., Rexstad E.A., 
Laake J.L., [...] & Burnham K.P. 2010. Dis-
tance software: design and analysis of 
distance sampling surveys for estimating 
population size. Journal of Applied Ecology 
47: 5–14. https://doi.org/10.1111/j.1365-
2664.2009.01737.x

63.	 Toffoli R., Soldato G., Carpegna F. & Bo-
ano G. 2025. Wintering raptors in low-
land farmland of north-western Italy: a 
second distance sampling survey twenty 
years later. Raptor Journal 19. https://doi.
org/10.2478/srj-2025-0008 

64.	 Village A. 1990. The Kestrel. T. & A.D. Poys-
er, London, UK.

65.	 Walls S. & Kenward R. 2020. The Common 
Buzzard. T & AD Poyser, London, UK.

66.	 Weir D.N. & Picozzi N. 1983. Dispersion 
of buzzards in Speyside. British Birds 76: 
66–78.

67.	 Wuczyński A. 2003. Abundance of Com-
mon Buzzard (Buteo buteo) in the Central 

graphic Information System. Open Source 
Geospatial Foundation Project. https://
qgis.org 

50.	 Panuccio M., Agostini N., Nelli L., Andreou 
G. & Xirouchachis S. 2019. Factors shaping 
distribution and abundance of raptors win-
tering in two large Mediterranean islands. 
Community Ecology 20: 93–103. https://
doi.org/10.1556/168.2019.20.1.10

51.	 Pavesi A. 2022. Caso di necrofagia di un 
gheppio Falco tinnunculus. Picus 48(92–
94): 31–33.

52.	 Paz-Luna A., Jareño D., Arroyo L., Viñuela 
J., [...] & Fargallo J.A. (2013) Avian preda-
tors as a biological control system of com-
mon vole (Microtus arvalis) populations 
in north-western Spain: experimental set-
up and preliminary results. Pest Manage-
ment Science 69: 444–450. https://doi.
org/10.1002/ps.3289

53.	 R Core Team. 2024. R: A language and envi-
ronment for statistical computing. R Foun-
dation for Statistical Computing.

54.	 Ravasini M. 1995. L’avifauna nidificante 
nella provincia di Parma (1980-1995). Ed-
itoria Tipolitotecnica, Sala Baganza.

55.	 Regione Emilia-Romagna. 2023. Land use 
map 2020 (Coperture vettoriali uso del su-
olo di dettaglio - Edizione 2023). Servizio 
Geologico, Sismico e dei Suoli. https://geo-
portale.regione.emilia-romagna.it

56.	 Rodríguez-Pastor R., Luque-Larena J.J., 
Lambin X. & Mougeot F. 2016. “Living on 
the edge”: The role of field margins for 
common vole (Microtus arvalis) popula-
tions in recently colonised Mediterrane-
an farmland. Agriculture, Ecosystems & 
Environment 231: 116–126. https://doi.
org/10.1016/j.agee.2016.06.041

57.	 Roscelli F. & Ravasini M. 2009. Biologia 
riproduttiva del Grillaio Falco naumanni in 
provincia di Parma. Alula 16: 130–132.

58.	 Rosenstock S.S., Anderson D.R., Giesen 
K.M., Leukering T. & Carter M.F. 2002. Land-

https://doi.org/10.1093/auk/119.1.46
https://doi.org/10.1111/j.1600-0587.1986.tb01189.x
https://doi.org/10.1111/j.1600-0587.1986.tb01189.x
https://doi.org/10.3161/00016454AO2019.54.2.010
https://doi.org/10.3161/00016454AO2019.54.2.010
https://doi.org/10.1111/j.1365-2664.2009.01737.x
https://doi.org/10.1111/j.1365-2664.2009.01737.x
https://doi.org/10.1093/auk/119.1.46
https://doi.org/10.1093/auk/119.1.46
https://qgis.org
https://qgis.org
https://doi.org/10.1002/ps.3289
https://doi.org/10.1002/ps.3289
https://geoportale.regione.emilia-romagna.it
https://geoportale.regione.emilia-romagna.it
https://doi.org/10.1016/j.agee.2016.06.041
https://doi.org/10.1016/j.agee.2016.06.041


Perched above the fields

25

Received: 1 march 2026
First Response: 2 march 2026

Final acceptance: 22 May 2026
Published online: 15 July 2026 

Editor: Roberto Ambrosini

This work is licensed under the Creative Commons 
Attribution-ShareAlike 4.0 International License.  

To view a copy of this license, visit
https://creativecommons.org/licenses/by-sa/4.0/deed.it

© The Author(s), 2025

European wintering ground in relation to 
the weather conditions and food supply. 
Buteo 13: 11–20.

68.	 Wuczyński A. 2005. Habitat use and hunt-
ing behaviour of Common Buzzards Bu-
teo buteo wintering in south-western Po-
land. Acta Ornithologica 40(2): 147–154.  
https://doi.org/10.3161/068.040.0210


