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BREEDING BIRDS IN THE SAN LODOVICO ESTATE
(SCANSANO, GROSSETO, CENTRAL ITALY):
A PRELIMINARY SURVEY

Abstract - M. Maggiorotti, F. Marini, F. Zullo, C. Battisti,
Breeding birds in the San Lodovico Estate (Scansano, Grosse-
to; central Italy): A preliminary survey.

We obtained an occurrence data set from a local breeding
bird atlas in a private Estate of Maremma (Tuscany, central
Italy; extent: 79 hectares). Thirty-seven species were record-
ed with a standard method (21.6% were long distance mi-
grants). Forest and mosaic species were dominant both in
local distribution and in number of occurrences when com-
pared to farmland and synanthropic species. Local atlases
may constitute a useful tool for conservation and manage-
ment strategies, also aimed at promoting sustainable tour-
ism at local level.

Key words - occurrences, atlas dataset, species richness,
long-distance migrants, agro-mosaic landscape

Riassunto - M. Maggiorotti, F. Marini, F. Zullo, C. Battisti,
Gli uccelli nidificanti nella Tenuta di San Lodovico (Scan-
sano, Grosseto; Italia centrale): un inquadramento prelim-
inare.

Abbiamo ottenuto un set di dati di presenza/assenza rea-
lizzando un atlante locale degli uccelli nidificanti in una
tenuta privata della Maremma grossetana (Toscana, Ita-
lia centrale; 79 ettari). Sono state registrate 37 specie (il
21,6%, migratori a lungo raggio) utilizzando un campio-
namento standardizzato. Le specie forestali e di mosaico
sono risultate dominanti sia nella distribuzione a scala
locale che nel numero di records di presenza/assenza, ri-
spetto alle specie di ambiente agricolo e legate ad ambien-
ti antropizzati. Gli atlanti locali possono costituire un
utile strumento per strategie di conservazione e gestione,
anche finalizzate alla valorizzazione turistico-sostenibile
del sito.

Parole chiave - presenza/assenza, atlante, ricchezza di
specie, migratori a lunga distanza, paesaggio agro-fore-
stale

Introduction

The Maremma region (southern Tuscany, central
Italy) has long been the subject of ornithological
research, primarily focused on coastal and lowland
ecosystems (Farina, 1998; Pezzo, 2012; Giovacchini,
2019). However, fine-scale studies addressing specif-
ic local contexts within this area remain scarce and,
when available, are generally limited to individual
species (e.g., Monti et al., 2014) or to occasional re-
cords documented in ornithological chronicles (e.g.,
Arcamone & Puglisi, 2008) or citizen-science sur-
veys (see Sforzi et al., 2019).

This study presents preliminary data collected
through intensive sampling based on a survey unit
approach (a “local atlas” focused on breeding bird
species; Sutherland, 2006; see also Taffon & Batti-
sti, 2003; Taffon et al., 2008; Guidi & Battisti, 2010;
Marini et al., 2014; Battisti et al., 2020, 2022). The
survey covered the entire agro-forestry mosaic of a
private estate located in the Maremma Grossetana,
within a sector that remains poorly studied from an
ornithological perspective.

Materials and methods

The San Lodovico Estate (Scansano, Grosseto; geo-
graphical coordinates: 42°44’01.0”N, 11°21'58.4”E;
42.733596, 11.366225), covering an area of 79 hec-
tares, comprises a landscape mosaic situated in the
Italian Tyrrhenian coastal sub-province (Blasi &
Biondi, 2017). The estate features predominantly
wooded areas dominated by Quercus cerris L., Q. pu-
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bescens Willd., Q. robur L., and Fraxinus ornus L. —
some of which are managed as coppice-with-stand-
ards with rotation cycles of approximately 15 years.
The understory includes Ostrya carpinifolia Scop.,
with ecotonal zones characterized by Phillyrea lat-
ifolia L., Erica arborea L., and Arbutus unedo L. The
vegetation includes acidophilous associations such
as Erico arboreae-Quercetum cerridis Arrigoni, re-
lated to the thermophilous alliance Lonicero-Quer-
cion pubescentis Arrig. et Foggi, and meso-hygro-
philous formations like Melico uniflorae-Quercetum
cerridis Arrigoni, belonging to the more mesophil-
ous order Carpino-Melicetalia Ubaldi et al. (Arrig-
oni et al., 1990). These wooded areas alternate with
open pasturelands and rural buildings, at elevations
ranging between 248 and 480 meters a.s.l. The Es-
tate also includes watersheds with seasonal streams
bordered by riparian vegetation (Salix sp. pl., Alnus
glutinosa L., Populus sp. pl.), on soils derived from
diverse geological substrates. Many of the formerly
cultivated or abandoned areas are currently under-
going progressive natural reforestation (Petrini et
al., 2013). Further information on the vegetation of
this part of the Maremma, including floristic and
forestry aspects, can be found in Moggi (1972), Ar-
rigoni et al. (1990), Angiolini et al. (2005), and Selvi
(2010).

In this study area, we carried out a bird atlas at a
local scale, focused on breeding species. To obtain
a standardized percentage coverage value for each
species, intensive sampling was carried out across
the entire surface of the private Estate. For this pur-
pose, a square-grid mesh was overlaid on the entire
study area (including immediately adjacent zones).
The resulting grid consisted of 34 survey units (SU),
each measuring 200x200 meters, defined using
aerial photogrammetric data (fig. 1). Specifically,
starting from the cartographic base of the “San Lo-
dovico” Estate, a 200-meter resolution fishnet grid
(the unit used for sampling) was created. Non-sur-
veyed cells were excluded, and the remaining ones
were assigned a unique identifier using the same
alpha-numerical coding system applied to the sam-
pling (e.g., Al, A2, etc.).

This allowed for the creation of a primary key,
which was used to link field data with spatial data in
a geographic database (gpkg format). The geodata-
base was subsequently used to generate species-spe-
cific thematic maps (presence/absence) as well as a

composite species richness map (see fig. 1). All op-
erations were carried out within a GIS environment
(QGIS, version 3.34).

During the spring of 2025 (May 10-11), each SU
was intensively and randomly surveyed using a
non-linear transect walk lasting 15 minutes, aim-
ing to represent the entire SU as comprehensively
as possible (510 minutes of standardized sampling).
Further records obtained outside the sampling
time have been used only for the qualitative check-
list (not in data analysis based on standard meth-
od: a total of 15 hours). During each survey, every
direct (observational sighting of an individual) or
indirect contact (singing, drumming, tracks) with
a presumably breeding species was recorded, re-
sulting in a presence (occurrence) value per SU.
To minimize bias due to the “observer effect” (e.g.,
Donald & Fuller, 1998), which may arise from var-
ying effort and observer skill across survey units,
we standardized the methodology by ensuring the
same number of surveyors and applying consistent
spatial and temporal protocols across all equally
sized units.

For graphical representation in the atlas, a species
was considered “present” in an SU if at least one di-
rect or indirect contact was recorded. No data on
species abundance was collected. The methodolo-
gy did not allow for a reliable estimation of the lo-
cal distribution of nocturnal and crepuscular bird
pairs, which are therefore likely to be underestimat-
ed. All observations were conducted using profes-
sional Leica 8x42 binoculars.

Presence/absence data were recorded in binary for-
mat (1 = presence; 0 = pseudo-absence) in an Excel
matrix. Based on this matrix, a local-scale distribu-
tion map was created for each species, along with a
composite species richness map per SU (fig. 1). For
each species, we calculated the number of occupied
SUs (Ng;) and the percentage frequency of occur-
rences (Frg), expressed as the number of SUs where
the species was detected out of the total 34 SU. This
frequency provides insight into the local-scale dis-
tribution pattern of each species.

We also calculated the relative frequency of oc-
currences (Fr), defined as the ratio between the
number of SUs occupied by a species and the total
number of species occurrences across all units (Fr =
n/N). Species with a relative frequency greater than
0.05 (Fr > 0.05) were considered dominant. This
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Figure 1 - Map of species
richness of breeding birds
in the San Lodovico Esta-
te (Scansano, Grosseto;
central Italy) recorded in
survey units (SU). Num-
ber of species in each sur-
vey unit (Ng;) has been
subdivided into classes of
richness (see legend).

frequency metric was used to gain preliminary in-
sights into the spatial structure of the breeding bird
community within the study area.

To assess potential differences in distribution pat-
terns between sedentary (including short- and me-
dium-distance migrants) and long-distance migra-
tory species, we calculated the mean N, value for
each of the two phenological groups. For the phe-
nological classification of the species, we referred
to Puglisi et al. (2023). Analogously, we calculated
mean N value for each of the three different eco-
logical guilds (i.e., forest and mosaic species: mos;
open habitats species: ape; synanthropic species,
sin) following Lardelli et al. (2023).

The collected data were analyzed to obtain the follow-
ing community-level parameters: species richness
(S), normalized species richness (i.e., the number of
species normalized to the number of records: Mar-
galefindex, calculated as Dm = (S-1)/LnN where N is
the total number of records; Magurran, 2004), mean
species richness per SU (mean S, with standard devi-
ation, s.d.); Shannon diversity index (H” = —ZfrIn][fr];
Shannon & Weaver, 1963); and the evenness index
(J = H/H’'max where H’'max = InS; Lloyd & Ghelardi,
1964; Pielou, 1966; see also Magurran, 2004 for fur-
ther details). To illustrate the frequency distribution
of species, a rank/occurrence plot (Whittaker plot;
Magurran, 2004) was generated.

To estimate the actual species richness in the study
area based on the sampling effort, a non-parametric
estimator was applied (Chao2 Estimator; Magurran,
2004): S¢y.., =S + Q*/2Q,, where S is the observed
species richness, Q, is the number of species occur-
ring in only one sampling unit, and Q, is the num-
ber of species occurring in exactly two units.

The Mann-Whitney U test was applied to compare
the median values of N¢;; occupied between the two
phenological groups, while the Kruskal-Wallis test
was used to compare medians across more than two
groups. Statistical analyses were conducted using
PAST 4.01 (Hammer et al., 2001), with the signif-
icance level set at a = 0.05. Species nomenclature
followed Baccetti et al. (2021), except for the genera
Curruca and related Sylviidae updates, for which
Gill et al. (2025) was adopted consistently through-
out.

Results

During the sampling period, a total of 321 occur-
rences were recorded, corresponding to 37 breed-
ing bird species within the private Estate. The
species richness map is presented in fig. 1, while
the local distribution maps for each species are
provided in Appendix. The estimated total spe-
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cies richness, based on the Chao2 estimator, was
43. In addition to these, three vagrant species were
also observed: two in high-altitude flight (Merops
apiaster, Bubulcus ibis), and one that could not be
precisely localized due to nocturnal flight (Burhi-
nus oedicnemus). Two species require confirmation
- Anthus campestris and Saxicola rubetra - as, this
last, was observed during migration. One intro-
duced species (Anas platyrhynchos), with individ-
uals of domestic origin, was not included in the
analysis.

Seven species (Sylvia atricapilla, Erithacus rubecula,
Luscinia megarhynchos, Cyanistes caeruleus, Turdus
merula, Parus major, Fringilla coelebs) were widely
distributed, with a percentage occurrence frequency
greater than 50%. Nineteen species showed a per-
centage frequency of occurrence lower than 20%
(i.e., species with a locally restricted distribution;
see tab. 1).

The frequency difference between the dominant
species group and the others is clearly visible in
the Whittaker plot (fig. 2). The number of spe-
cies per survey unit ranged from 3 to 18 (mean
S$=9.44+3.29s5.d.). Eight species (21.6% of the total)
and 65 records (20.2%) correspond to occurrences
of long-distance migratory species.

No significant difference was detected between the
local distributions of sedentary/short-medium-dis-
tance migratory species vs. the long-distance migra-
tory species (mean N, for long-distance migrants:
813 * 6.85 s.d.; sedentary/short-medium-dis-
tance migrants: 8.90 = 8.16 s.d; U = 115, p > 0.05;
Mann-Whitney U test; fig. 3).

Species associated with forest and mosaic habitats
were the most widely distributed across the Estate
(Ngy = 10.3 £ 8.43 5.d.), showing a tendency toward
significance (H = 5, p = 0.08; Kruskal-Wallis test)
when compared to species from agricultural and
ecotonal environments (Ng, = 5.75 + 4.35 s.d.) and
synanthropic species (Ng; = 3.67 £ 2.66 s.d.).

In terms of occurrence frequency, species associ-
ated with agricultural/ecotonal habitats and syn-
anthropic species were recorded significantly less
frequently (7.2% and 6.9%, respectively) compared
to species associated with forest and mosaic habitats
(x*> = 471.18 and x> = 478.06; both p < 0.001; fig. 4).
The Shannon diversity index (H’) is 3.25, the even-
ness (J) is 0.9, and the normalized species richness
is 6.24.

Figure 2 - Whittaker plot (frequency distribution of breeding birds
in decreasing order). X-axis: species rank (1 to 37), y-axis: number of

survey units where any species occurs (Ng).

Figure 3 - Box plots comparing the number of survey units (Ng; y-
axis) occupied by sedentary-medium and short-range migratory (sed)
vs. long-range migratory (mig) breeding bird species. The minimum
and maximum values are shown with vertical bars, and the 25-75 per-
centile range is indicated by the box. The horizontal line in the box
represents the median value. Outliers (white dots) are also reported.

Figure 4 - Box plots comparing the number of survey units (Ng;
y-axis) occupied by bird species associated with forest and mosaic
habitats (mos), open habitats (ape), and anthropogenic habitats
(synanthropic species, sin). The minimum and maximum values are
shown with vertical bars, and the 25-75 percentile range is indicated
by the box. The horizontal line in the box represents the median value.
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Table 1 - Breeding bird species in the San Lodovico Estate (Scansano; Grosseto; central Italy). For each species, the scientific name, the

number of survey units occupied (Ng;), and the relative frequency both of total occurrences (Fr) and of total survey units (Frg; n = 34) have
been reported. In bold, the dominant species with Fr and Frg;, > 0.05.

Species Ngy Fr Frgy Species Ngy Fr Fray
Sylvia atricapilla 32 0.100 0941  Pica pica 6 0.019 0.176
Erithacus rubecula 23 0.072 0.676  Curruca cantillans/subalpina 6 0.019 0.176
Luscinia megarhynchos 23 0.072 0.676  Cisticola juncidis 5 0.016 0.147
Cyanistes caeruleus 23 0.072 0.676  Phasianus colchicus 5 0.016 0.147
Turdus merula 22 0.069 0.647  Streptopelia decaocto 5 0.016 0.147
Parus major 19 0.059 0.559 Upupa epops 5 0.016 0.147
Fringilla coelebs 18 0.056 0.529  Emberiza calandra 4 0.012 0.118
Columba palumbus 14 0.044 0.412  Otus scops 3 0.009 0.088
Emberiza cirlus 12 0.037 0.353  Sitta europaea 3 0.009 0.088
Streptopelia turtur 11 0.034 0.324  Certhia brachydactyla 3 0.009 0.088
Oriolus oriolus 10 0.031 0.294  Passer italiae 2 0.006 0.059
Phylloscopus collybita 9 0.028 0.265  Dendrocopos major 2 0.006 0.059
Curruca melanocephala 8 0.025 0.235  Buteo buteo 2 0.006 0.059
Picus viridis 8 0.025 0.235  Lullula arborea 2 0.006 0.059
Carduelis carduelis 7 0.022 0.206  Strix aluco 1 0.003 0.029
Corvus cornix 7 0.022 0.206 Athene noctua 1 0.003 0.029
Garrulus glandarius 7 0.022 0.206  Sturnus vulgaris 1 0.003 0.029
Troglodytes troglodytes 7 0.022 0.206  Jynx torquilla 1 0.003 0.029
Cuculus canorus 6 0.019 0.176 321

Discussion

The breeding bird community of the San Lodovico
Estate is characterized by species typical of the agro-
forestry mosaics of central Italy’s hills (e.g., Ukmar
et al., 2007; Marini et al., 2014; Morelli et al., 2014).
The species richness map shows a relatively uniform
distribution of the number of species/SU, as expect-
ed based on the relatively homogeneous landscape
mosaic. Among the species recorded, some are of
conservation interest due to their threatened status
and numerical decline, or because they are geo-
graphically restricted (e.g., Jynx torquilla, Burhinus
oedicnemus) at the national and regional scale (Gus-
tin et al., 2021; Puglisi et al., 2023). The study area
lies in a zone of overlaps between the ranges of two
species of the genus Curruca (i.e., C. subalpina and
C. cantillans), and it was not possible to differenti-
ate between the taxa (Lardelli et al., 2022). Probably,
nocturnal and crepuscular species have been under-
estimated.

The areas with the highest species richness corre-
spond to more structurally complex habitats in terms
of vertical stratification (complex vegetation layering)
or spatial heterogeneity (environmental mosaics). All
the study area is characterized by forest stands of dif-
ferent age (mosaic of coppice forest areas, partly ac-
tive and partly progressively ageing, alternating with
high forests and mature riparian woodland strips)
and patches in progressive re-naturalization (due to
abandonment of crops; Petrini et al., 2013). The role
of forest complexity and landscape patchiness in ex-
plaining high values and turnovers in species rich-
ness have been largely evidenced in literature (Tews
et al., 2004; Shaw et al., 2024), also for birds in central
Italy (Florenzano, 2004; de Gasperis et al., 2016; Men-
til et al., 2018; Amori et al., 2021).

Although the number of sedentary species or short/
medium-distance migrants is much higher than
that of long-distance migrants, no differences in
their local distribution were observed (when com-
paring the mean number of SU occupied). This
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finding contrasts with what is generally known at
the Palaearctic level, where long-distance migrants
are typically more localized and rarer in abundance
(Alerstam, 1990; see also Battisti & Guidi, 2010).
This discrepancy is likely due to the relatively broad
local distribution of long-distance migrants such
as Luscinia megarhynchos, Streptopelia turtur, and
Oriolus oriolus, which influenced the mean values.
Probably, also the limited research effort carried out
in this explorative study could affect these results.
The dominant species are all closely associated with
forest or agroforestry mosaic habitats. These species
are also the ones recorded with a significantly higher
number of occurrences compared to those character-
istics of open or synanthropic environments. Both
latter two groups (associated with open or anthro-
pogenic habitats) also show a more restricted distri-
bution compared to forest and mosaic species, high-
lighting the characteristics of this environmental
mosaic dominated by oak forests of varying maturity.
In this preliminary survey, many species (includ-
ing some common and widespread ones) were not
recorded in this sector of the Maremma, although
they have been reported in the surrounding area and
adjacent regions (Lardelli et al., 2022; Puglisi et al.,
2023): Coturnix coturnix, Alectoris rufa, Caprimul-
gus europaeus, Apus apus, Tyto alba, Asio otus, Cir-
caetus gallicus, Circus pygargus, Accipiter nisus, Mil-
vus milvus (Ceccolini et al., 2014), Coracias garrulus
(Pezzo & Puglisi, 2015), Falco subbuteo, F. peregrinus,
Lanius spp., Corvus monedula (reported in Scans-
ano; pers. obs.), Poecile palustris, Alauda arvensis,
Galerida cristata, Hippolais polyglotta, Delichon ur-
bicum, Hirundo rustica, Aegithalos caudatus, Curru-
ca communis, C. undata, Muscicapa striata, Phoeni-
curus spp., Monticola solitarius, Saxicola torquatus,
Regulus ignicapilla, Passer montanus, Motacilla spp.,
Chloris chloris, Linaria cannabina, Serinus serinus.
Their presence, for many of these species confirmed
in the nearby Torrente Trasubbie (Sforzi et al., 2019),
may be confirmed in the future for the Estate with
additional surveys, possibly using specific methods
and improving the research effort.

Other species (e.g., Milvus milvus, Pernis apivorus,
Falco tinnunculus, Falco biarmicus, Accipiter gen-
tilis; the latter also reported in the nearby Special
Area of Conservation ‘Monte Labbro e Alta Valle
dell’Albegna’; Giovacchini, 2003) have been ob-
served prior to this study (P.P. Fondi, pers. comm.).

Although preliminary, this study has provided fine-
grained data on a context that is still poorly studied
from an ornithological perspective. For similar ar-
eas, it is recommended to adopt the approach used
here (bird atlas with a grid system), which, if carried
out following standardized protocols (same sur-
veyors, units of similar size, comparable research
effort), can represent an opportunity for in-depth
qualitative and quantitative knowledge of active-
ly managed forest/mosaic areas (both private and
public) and for future comparisons through mon-
itoring. This knowledge base can also initiate pro-
cesses for the enhancement of these areas through
communication, education, and tourism promotion
actions (Bimonte & Faralla, 2012).

In this work we used a non-parametric estimate of
species richness to process field data (Magurran,
2004), useful when the representativeness of the
samples is low (Balestrieri et al., 2017), as in this
exploratory field study. Moreover, it could be inter-
esting to apply the richness estimators to the dif-
ferent ecological guilds (e.g., forest vs. edge mosaic
species) stratifying for the different environments of
the landscape mosaic (e.g., Wagner & Wildi, 2002).
However, in our study there are some points of weak-
nesses that should be evidenced. First, given the
spatial characteristics of this fine-grained atlas grid
(with small, adjacent units), it is not unlikely that the
same singing individuals could be assigned to multi-
ple neighboring cells. This may lead to overestimation
of the presence of some species. Second, in this pre-
liminary study, the survey period is limited, and it is
probable that early-nesting or late-spring species may
be underestimated or, on the contrary, other species
may be overestimated due to the presence (in May) of
mixed breeding and migrating individuals. These and
other sources of bias should be controlled to improve
the reliability of the resulting dataset in future studies.
Finally, further investigations could include analy-
sis on the relationships between species and specific
environmental characteristics (e.g., vegetation type,
degree of naturalness, hydrological network, species
turnover between sites, etc.), to identify the factors
and processes responsible for the current local dis-
tribution patterns of species, and emphasizing the
possible role of some forest/mosaic species as in-
dicators of environmental quality and disturbance
sensitivity (Roberge & Angelstam, 2006; Mikusinski
et al., 2001; Battisti & Fanelli, 2016).
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