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Abstract. The mistle thrush is a species that occurs in old-growth forests, especially coniferous forests, in hilly 
and mountain areas and avoids warm and dry areas and human settlements. Despite this, in recent decades, 
the mistle thrush has colonised Apulia, southern Italy’s lowlands and coasts, in rural and urban contexts. 
This study investigates the habitat selection of this species in central Apulia, in both the breeding season 
and winter, by carrying out 301 point counts and 264 linear transects. Data were collected to build a Species 
Distribution Model (SDM) for each season with the MaxEnt algorithm and the regional land use map, selecting 
variables through the Akaike Information Criterion. Overlap in the suitability of both seasons was measured 
using Schoener’s D. A total of 133 observations of mistle thrush were noted during the breeding season and 85 
observations during winter. During the breeding season, the mistle thrush selected olive orchards, especially 
those near vineyards and urban areas, where it could find food and safe places to nest. In this period, however, 
it was also found in coniferous woodlands. The mistle thrush also used vineyards in winter, whereas it avoided 
urban areas in this period, possibly due to food scarcity. Non-irrigated arable lands were avoided all year 
round, whereas natural grasslands were only avoided during the winter. Irrigated arable lands positively 
affected the species. Furthermore, 60% of habitat characteristics were similar between the breeding and winter 
seasons. It is unclear what makes the mistle thrush shift its range southward and downslope. However, it is 
likely due to the general increase in forest cover, a positive rainfall trend in Central Italy during summer, and 
the absence of competition with similar species in central Apulia.
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Introduction

The mistle thrush (Turdus viscivorus Linnaeus, 1758) 
is one of the six species of the genus Turdus that 
breed in Europe. A sedentary or partial migrant, 
the mistle thrush breeds from Europe and north-
western Africa to South Siberia and Nepal, wintering 
in western and north-western Europe, in the 
Mediterranean Basin, in north Africa and east to 
central and southern Asia (Cramp 1988, del Hoyo 
et al. 2005). The species generally breeds in old-

growth stands close to forest edges in coniferous and 
mixed forests but also orchards, plantations, park-
like farmland, and gardens. It forages on nearby 
areas with low vegetation, such as short grassland, 
pastures, and arable lands (Cramp 1988, del Hoyo et 
al. 2005, Knaus 2020). It avoids warm and arid areas, 
with the highest densities in hilly or mountainous 
areas. Indeed, it mainly breeds at 900-1,600 m a.s.l. 
in Switzerland, at 1,200-2,000 m a.s.l. in Catalonia, 
and at 1,500-2,700 m a.s.l. in north Africa (del Hoyo 
et al. 2005, Knaus 2020). The European population is 
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estimated to stand at 9,720,000 mature individuals 
(min. 7,300,000, max. 13,600,000), of which most are 
found in the boreal forests of Fennoscandia and the 
mountains of western and central Europe (BirdLife 
International 2017). Despite the global population 
decreasing (BirdLife International 2016), the 
European population is considered stable, even if it 
suffered a moderate decline between 1980 and 2013 
(BirdLife International 2015, 2021). Nonetheless, it is 
classified globally and in Europe as of Least Concern 
by the IUCN (BirdLife International 2015, 2016). 
The main threats are modern forestry practices (e.g. 
felling of old-growth forests), intensified grassland 
management, severe winter weather, and hunting 
pressure in areas such as Spain, where it is a game 
bird (BirdLife International 2016). The species is 
also classified as “Least Concern” in Italy, where 
an estimated 50,000-100,000 breeding pairs and an 
increasing population trend (Rondinini et al. 2013, 
BirdLife International 2015).

In Italy, the nominate T. v. viscivorus occurs in hilly 
and mountainous areas along the entire peninsula 
and on Sicily, with large gaps in the Po Valley, 
lowlands and coastal areas, whereas T. v. deichleri 
occurs in Sardinia. As in the rest of the European 
range, it breeds mainly between 600-700 m and 
1,800-1,900 m a.s.l., inhabiting coniferous, broad-
leaved and mixed forests with pastures and open 
areas, as well as in orchards and gardens (Brichetti 
& Fracasso 2008). Nonetheless, in recent decades, 
the species has unexpectedly colonised new areas 
in south-eastern Italy (e.g. Apulia region) (Knaus 
2020); breeding in olive groves, orchards, and urban 
gardens, in lowlands and along the coasts (Liuzzi et 
al. 2013, Chiatante & Meriggi 2016), despite having 
been absent from much of this region at the end of the 
20th century (Meschini & Frugis 1993).

The main aim of this research was to improve 
understanding of the mistle thrush’s habitat use in 
central Apulia during both the breeding and winter 
seasons, where the species has extended its range 
and is now occurring in unusual habitats. Based on 
preliminary observations (Chiatante & Meriggi 2016) 
and the general ecology of the species (Cramp 1988, 
del Hoyo et al. 2005), the mistle thrush was expected 
to select olive orchards, vineyards, and urban areas 
in both the breeding season and in winter, whilst 
avoiding open landscapes, such as arable lands and 
grasslands, due to the lack of trees.

The relevance of the current research is multifaceted. 
Firstly, there are few studies directly aimed at 

understanding the ecology of this species in the 
Mediterranean Basin (Tellería et al. 2014, Lavabre 
et al. 2016), with this research being the first to 
investigate its ecology in southern Italy. Secondly, 
it is essential to understand what drives a forest 
species (EBCC 2019) to colonise agricultural and 
urban areas in a Mediterranean context. Indeed, in 
a period of climate warming, the general hypothesis 
is that ranges of numerous birds in the Northern 
Hemisphere are expected to shift northward and to 
higher altitudes (Pape Møller et al. 2010). The mistle 
thrush can be found listed among these species and, 
because of climate change, is predicted to disappear 
from many areas of the Mediterranean Basin by the 
late 21st century (Huntley et al. 2007). Although a 
lack of data between the end of the 20th century and 
the beginning of the 21st means that the causes of 
its expansion cannot be investigated, this research 
attempts to understand it. Additionally, few studies 
have investigated the ecology of common species, 
such as the mistle thrush. If preserving overall species-
richness patterns is considered a valid conservation 
goal, then attention must be given to both common 
and rare species (Lennon et al. 2003).

Material and Methods

Study area
The study area is located in the central part of 
the Apulia region in south-eastern Italy (41°0’ N, 
16°34’ E), corresponding to the Bari and Barletta-
Andria-Trani provinces, covering an area of 5,406 
km2 (Fig. 1). Altitude ranges from sea level up to 679 
m a.s.l. (Mt. Caccia), with 35% of the altitude ranging 
from sea level up to 200 m a.s.l. and 40% from 201 up 
to 400 m a.s.l. The climate is typically Mediterranean: 
along the coast and in the lowlands, the summers are 
warm, windy, and dry, whilst the winters are mild 
and rainy. During the winter, temperatures vary 
between 2-5 °C and 10-13 °C, whereas in summer, the 
minimum temperature ranges between 16-19 °C with 
a maximum of 28-30 °C. Precipitation, concentrated 
during the late autumn and winter, is scarce and 
in the form of rain. Average rainfall values vary 
between 27-28 mm in July and 67 mm in October. The 
landscape is mainly characterised by non-irrigated 
arable lands (especially cereal steppes) (32.4%) and 
olive groves (27.6%). Vineyards represent 8.7% of 
the surface area, followed by urban areas (8.5%), 
natural grasslands (7.5%), orchards (5.7%), and 
woodlands (4.5%). The study area comprises 51 
municipalities with a total resident population of 
1,648,744 (ISTAT 2019) and a population density of  
304.98 persons/km2.
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Sampling design
A stratified random sampling design was used, with 
a proportional allocation of samples to guarantee the 
same sampling effort in each stratum (Krebs 1999). 
In this way, representativeness of the study area was 
ensured, and possible bias related to over- or under-
sampling was reduced (Sutherland 2006). To this end, 
the study area was partitioned into 5,655 squares of 1 
km2. Homogeneous areas, referred to as Landscape 
Units (LU), were then identified by clustering similar 
squares with the help of k-means cluster analysis (see 
Appendix S1, Table S1, Fig. S1) (Legendre & Legendre 
1998, Krebs 1999). For this purpose, the percentages 
of land use types were measured within each cell 
by a Geographic Information System (GIS) platform 
(QGIS v.3.14.16 “Pi”) employing a regional land use 
map at the fourth level of CORINE land cover 1:5000 
(2011 update, SIT – Regione Puglia; Table 1). Finally, 
the goodness of the LU classification was tested by the 
non-parametric Kruskal-Wallis test and Discriminant 
Function Analysis on the same environmental 
variables used for clustering (Legendre & Legendre 
1998) (Table S2).

Fieldwork
Data were collected on the spatial distribution of the 
mistle thrush in both the breeding season and winter. 

To collect data during the breeding season, the point 
count method with unlimited distance was used 
(Bibby et al. 2000, Sutherland et al. 2004) by carrying 
out 301 points randomly placed in the study area 
between April and May of the breeding season in 
2012, according to the stratified sampling design 
(Table S3). Each point was surveyed once from dawn 
to 11:00 and lasted 10 minutes (Colwell & Coddington 
1994, Chamberlain & Rolando 2014). In the surveys, 
the number of individuals counted, the number of 
singing males, and other breeding behaviours (e.g. 
nest building, mating, adult carrying food for young, 
etc.) were noted. However, searching for nests was 
not actively undertaken. 

During the winter, counts were carried out along 264 
transects for a total length of 185 km (mean per transect 
± SD = 0.60 ± 0.33, min = 0.12, max = 0.26), which 
were randomly placed in the study area according 

Fig. 1. The study area explored to investigate the habitat use of the mistle thrush in central Apulia (southern Italy). Black dots are mistle 
thrushes in the breeding season; white diamonds are mistle thrushes in winter.
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to the stratified sampling design (Bibby et al. 2000, 
Sutherland et al. 2004) (Table S3). Transects were 
walked once during December and January of the 
wintering seasons 2012-2013. In both periods, counts 
were conducted on calm days without persistent 
or heavy rain by recording all thrushes observed 
and heard. Moreover, when possible, the distances 
between the observer and birds were measured by 
a rangefinder (Leica Rangemaster 900 Scan). Data 
collection was not carried out outside these seasons 
(e.g. during summer or autumn migration).

Linear transects were carried out during the winter 
and point counts during the breeding season for 
several reasons. First, multiple survey methods 
are used for detecting different species in different 
seasons, with specific methods being more effective 
than others (Bibby et al. 2000, Sutherland et al. 2004). 
In particular, it is more efficient to use transects 
during the winter because they offer a better chance 
to record birds, which can be advantageous because 
of the inconspicuous behaviour of birds in this season 
(Bibby et al. 2000, Wilson et al. 2000, Buckland et al. 
2001). Point counts, widely used for counting birds 
(Ralph et al. 1995, Buckland 2006, Chamberlain 
& Rolando 2014), are often preferable to transects 
during the breeding season because of the territorial 
behaviour of birds (Bibby et al. 2000, Buckland et al. 
2001). However, comparing the results from multiple 
survey methods can be challenging; each method has 
its own assumptions, and the probability of detecting 
a species varies between sampling methods and 
efforts (MacKenzie et al. 2006). Despite this, only 

the presence data of the species (see the paragraph 
“Species distribution modelling” below) collected 
with the method that guarantees the best detection 
was used. 

Environmental variables
The spatial distribution of the mistle thrush was 
assessed using 13 variables related to land cover 
(Table 1). Specifically, data derived from the regional 
land use map at the fourth level of CORINE land 
cover 1:5000 was used (SIT – Regione Puglia). To 
accommodate the spatial ecology of the species, all 
variables were resampled to cells, of which the extent 
was based on the home range size of the species, as 
suggested by previous research. The mistle thrush 
usually moves in a radius of 300 m around the nest 
(28.3 ha) (Cramp 1988), corresponding to cells with 
a spatial resolution of 532 m; thus, all variables were 
resampled at this spatial resolution. The Variance 
Inflation Factor (VIF) was computed with a threshold 
of three to test collinearity and in order to remove 
highly correlated variables (Table 1) (Fox & Monette 
1992, Zuur et al. 2010). The spatial analyses were 
computed by QuantumGIS v3.8.3 and by the software 
R v3.4.3 and related packages raster (Hijmans et 
al. 2014), sp (Pebesma & Bivand 2011) and usdm  
(Naimi 2017).

Species distribution modelling
In this study, Species Distribution Models (SDMs) 
were run by the MaxEnt algorithm (Phillips et al. 
2006); a machine learning method that applies 
the principle of maximum entropy to predict the 

Table 1. Environmental variables used to investigate the habitat selection of the mistle thrush in central Apulia (southern Italy). 
Descriptive statistics of the environmental variables calculated for the study area are shown (values are measured in the 532 m grid), as 
well as the Variance Inflation Factor (VIF).

Environmental variable Mean ± SD VIF
Urban areas (%)   7.9 ± 17.2 1.80
Non-irrigated arable lands (%) 31.8 ± 32.4 1.74
Irrigated arable lands (%)   0.7   6.4 1.14
Meadows (%)   0.9 ±   5.4 1.06
Vineyards (%)   8.5 ± 17.2 1.75
Orchards (%)   5.6 ± 15.0 1.63
Olive groves (%) 27.1 ± 32.5 1.77
Heterogeneous agricultural lands (%)   0.9 ±   3.8 1.04
Broad-leaved woodlands (%)   2.87 ± 11.0 1.30
Needle-leaved woodlands (%)   0.8 ±   6.4 1.11
Natural grasslands (%)   7.4 ± 16.5 1.76
Shrublands and Mediterranean scrubs (%)   1.0 ±   4.9 1.09
Sparsely vegetated areas (%)   0.3 ±   3.0 1.07
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potential distribution of species from presence-only 
data (Phillips & Dudík 2008, Elith et al. 2011). Indeed, 
it compares the environmental characteristics 
between occurrences and background points, 
representing the available environment. This method 
is helpful as, in many cases, it is difficult to assess 
the absence of a species when only presence data are 
available, especially when a survey design does not 
take repeated visits to the study sites into account. 
Indeed, at least three to five surveys should occur 
to determine with a reasonable margin for error the 
absence of a species at a site (Buckland et al. 1993, 
Tyre et al. 2003, MacKenzie et al. 2006). In other cases, 
as for most regions, systematic biological survey data 
tend to be sparse and/or limited in coverage, available 
only in herbarium records, museum specimens, and 
online databases. For this substantial data source, 
SDM methods are essential for modelling presence-
only data (Elith et al. 2006, 2011). In addition, MaxEnt 
outperformed most alternative methods (Elith et al. 
2006) and is particularly efficient for small sample 
sizes (Pearson et al. 2006, Wisz et al. 2008).

MaxEnt was run for both the breeding and wintering 
seasons, with only linear and quadratic features to 
ensure more ecologically realistic response curves 
(Bateman et al. 2012, Chiatante 2021) using 10,000 
background points, with all other parameters 
set to default (maximum number of iterations = 
5,000; convergence threshold = 10–5; multiplier 
regularisation = 1) (Phillips & Dudík 2008, Elith et al. 
2011). A problem with species distribution modelling 
is the spatial autocorrelation of occurrences, which 
would violate the assumption of data independence 
(Betts et al. 2006, Dormann et al. 2007). For this reason, 
to reduce bias, duplicate occurrence points in the 
same grid cell were removed so that only one point 
per grid cell was retained (Chou et al. 2020, Chiatante 
2022). To obtain the most parsimonious model, the 
variables to retain were chosen by the corrected 
Akaike Information Criterion (AICc) (Akaike 
1973, Burnham & Anderson 2002), as this method 
outperforms other generally applied criteria (Warren 
& Seifert 2011). However, two steps were necessary 
to build the most complex and parsimonious model. 
First, the variables selected were only those with 
an evident effect (therefore with some importance 
for the mistle thrush occurrence), with a pairwise 
comparison of the second-order Akaike Information 
Criterion (AICc; Akaike 1973) of two simple MaxEnt 
models: one with the intercept only and the other 
with each variable (Burnham et al. 2011). When the 
AICc value of the MaxEnt with the variable was lower 

than that with the intercept only, with a difference 
of at least two (Δ AICc ≤ 2), the variable was retained 
(Burnham & Anderson 2002, Warren & Seifert 2011). 
Once the number of variables was reduced, a priori 
set of models was built using all the combinations 
of the retained environmental variables (Chiatante 
2021). The second-order Akaike Information 
Criterion (AICc) for each model was calculated, and 
the model with the lower AICc was selected as the 
best (Burnham & Anderson 2002, Warren & Seifert 
2011). The regularisation multiplier parameter 
was set manually, for which default regularisation 
values may lead to overfitted models (Anderson & 
Gonzalez 2011, Radosavljevic & Anderson 2014). To 
reduce the complexity of the models and, therefore, 
the likelihood of over-parameterisation and the risk 
of model overfitting, models with different values 
for the regularisation multiplier were calibrated 
(default setting 0.01, 0.1, 0.5, 1.0, 1.5, 2.0, 3.0, 5.0), 
after which AICc values were used to select the 
most parsimonious models (Rodríguez-Ruiz et al. 
2019, Chiatante 2022). The variable importance was 
assessed by both the percentage contribution and the 
permutation importance, which are criteria used to 
measure the contribution of each variable to the full 
model (Elith et al. 2011). Model accuracy was tested 
through the area under the curve of the Receiver 
Operating Characteristic (ROC) (Pearce & Ferrier 
2000, Fawcett 2006).

Finally, the similarity between habitat suitability 
in the breeding season and winter was measured 
through Schoener’s D (Schoener 1968), which was 
obtained by comparing the estimates of both MaxEnt 
models calculated for each grid cell of the study 
area (Warren et al. 2008, 2010). This measure was 
calculated through the following formula:

D(pX, pY) = 1 –
1

∑ |px,i – py,i|2
 i

where pX,i and pY,i are the normalised suitability 
scores for period X (the breeding season) and period 
Y (the winter) in grid cell i. This value ranges from 
0, when there was no similarity, to 1, when all grid 
cells were estimated to be equally suitable for both 
periods. The reliability of this measure was tested by 
resampling the data 1,000 times with the bootstrap 
method and calculating the mean values and 95% 
confidence intervals (Legendre & Legendre 1998). 
The statistical analyses were carried out using the 
software R 3.4.3 (R Core Team 2019) and the packages 
dismo (Hijmans et al. 2011) and ENMeval (Muscarella  
et al. 2017).
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Results

During the breeding season, 133 observations of 
mistle thrush were noted. Among the 13 variables, 
only 10 were retained after the pairwise comparison 

with the null model (Table 2). The best MaxEnt 
model was composed of six variables. Among the 
most important (contribution greater than 5%) were 
vineyards, irrigated arable lands, and olive orchards, 
which positively affected the species (Table 3, Fig. 2). 

Fig. 2. Response curves of the variables included in the best MaxEnt model explaining the habitat use of the 
mistle thrush in central Apulia (southern Italy), in both the breeding season (solid line) and in winter (dotted line).

Downloaded From: https://bioone.org/journals/Journal-of-Vertebrate-Biology on 24 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



Habitat use of the mistle thrushJ. Vertebr. Biol. 2022, 71: 22041 7 

Conversely, non-irrigated arable lands negatively 
affected species occurrence (Fig. 2). Among the less 
important variables, urban areas and needle-leaved 
woodlands positively affected the mistle thrush 
(Fig. 2). The model accuracy was quite good (AUC = 
0.858 ± 0.024) and the model predicted average 
suitability was equal to 0.356 ± 0.002 (SE) (Fig. S2).

During the winter, 85 observations of mistle thrush 
were noted. Among the 13 variables, only nine 
were retained after the pairwise comparison with 
the null model (Table 2). The best MaxEnt model 
was composed of five variables. Among the most 
important were vineyards and irrigated arable 
lands which positively affected the species (Table 3, 
Fig. 2). Contrarily, urban areas and non-irrigated 

arable lands negatively affected species occurrence 
(Fig. 2). Among the less important variables, natural 
grasslands negatively affected the mistle thrush 
(Fig. 2). The model accuracy was quite good (AUC = 
0.750 ± 0.061) and the model predicted average 
suitability was equal to 0.333 ± 0.002 (SE) (Fig. S3).

Between the breeding season and winter, there 
was an average similarity of 0.600 ± 0.00009 (SE), 
with a minimum of 0.600 and a maximum of 0.601. 
Non-irrigated and irrigated arable lands, as well as 
vineyards, had similar effects on the mistle thrush 
in both periods (Fig. 2). Contrarily, urban areas had 
opposing effects between seasons (positive in the 
breeding, negative in the winter), whilst two land 
uses only affected the species during the breeding 

Table 2. The AICc of the simple MaxEnt models, for both the wintering and breeding season of the mistle thrush in central Apulia 
(southern Italy), to compare with the AICc of the model with only the intercept. Variables retained for final MaxEnt models (Δ AICc ≤ 2) 
are in bold.

Environmental variable AICc Δ AICc

Breeding season (AICc null model = 2630.15)
Urban areas (%) 2,625.56   4.59
Non-irrigated arable lands (%) 2,561.89 68.25
Irrigated arable lands (%) 2,622.09   8.06
Meadows (%) 2,627.65   2.50
Vineyards (%) 2,539.68 90.47
Orchards (%) 2,629.88   0.26
Olive groves (%) 2,607.08 23.07
Heterogeneous agricultural lands (%) 2,627.69   2.46
Broad-leaved woodlands (%) 2,620.58   9.57
Needle-leaved woodlands (%) 2,628.76   1.39
Natural grasslands (%) 2,615.40 14.75
Shrublands and Mediterranean scrubs (%) 2,628.89   1.25
Sparsely vegetated areas (%) 2,627.30   2.85
Wintering season (AICc null model = 1663.31)
Urban areas (%) 1,640.81 22.49
Non-irrigated arable lands (%) 1,625.99 37.31
Irrigated arable lands (%) 1,642.22 21.09
Meadows (%) 1,663.71 –0.40
Vineyards (%) 1,605.37 57.94
Orchards (%) 1,654.06   9.25
Olive groves (%) 1,663.67 –0.36
Heterogeneous agricultural lands (%) 1,660.26   3.05
Broad-leaved woodlands (%) 1,658.87   4.44
Needle-leaved woodlands (%) 1,661.42   1.89
Natural grasslands (%) 1,654.43   8.87
Shrublands and Mediterranean scrubs (%) 1,661.50   1.81
Sparsely vegetated areas (%) 1,660.11   3.19
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season (olive groves and needle-leaved woodlands, 
both positively) and one only had an effect during the 
winter (natural grasslands, negatively). 

Discussion

This research aimed to explore the habitat selection 
of the mistle thrush in a recently colonised area of 
southern Italy, where it is found in lowland and coastal 
areas, in intensively cultivated agroecosystems, and 
in urban areas. In order to achieve the aims set out 
by the current study, linear transects in winter and 
point counts were used in the breeding season. 
As previously mentioned, no issues arose through 
the use of this method due to the fact that only 
occurrence data, not abundances were analysed, and 
due to the fact that the MaxEnt algorithm was built 
fundamentally to model presence-only data, collected 
using many techniques and without a survey design 
(Elith et al. 2006, 2011).

As expected, olive orchards and vineyards positively 
affected the species during the breeding season. 
Despite orchards generally being indicated as 
possible breeding habitats (Cramp 1988, del Hoyo et 
al. 2005, Knaus 2020), the mistle thrush was not found 
in olive orchards of Spain (Rey 1993, Castro-Caro et 
al. 2014, Morgado et al. 2020), Greece (Solomou & 
Sfougaris 2015), or north-eastern Algeria (Bouam et 
al. 2017) during the breeding season. Nevertheless, 
olive orchards could play a role in the ecology of the 
species in Sicily (La Mantia et al. 2014), despite the 
fact that the species finds a suitable habitat in those 

areas where there has been a significant increase in 
forests, reforestation and bushes at the expense of 
pastures and arable lands (La Mantia et al. 2014). 
Contrarily, the results of this study showed that in 
central Apulia, olive orchards are important during 
the breeding season, possibly because as scarce 
woodlands, they offer nesting sites, especially in 
lowland areas. In addition, olive orchards grow with 
a planting scheme that is not dense, which favours 
the species, which tends to avoid dense vegetation 
(Cramp 1988). Indeed, as forests become denser, the 
potential habitat for this species generally decreases 
(Versluijs et al. 2020). Moreover, as a ground feeder, 
the mistle thrush selects areas with low vegetation, 
such as grasslands and arable lands, where it can 
find food with ease (Cramp 1988, Knaus 2020). In 
the study site, olive orchards are ploughed and 
weeded regularly, offering the mistle thrush perfect 
places to forage. Despite mistle thrushes also being 
observed in olive orchards during the winter, in 
this season, this habitat is not clearly selected. In 
the Mediterranean Basin, numerous species of birds 
from central and northern Europe use olive orchards 
in winter, including species of Turdus, especially the 
song thrush (Turdus philomelos) (Rey 1993, Chiatante 
& Meriggi 2016). Indeed, these species have a mainly 
frugivorous diet during the winter and olives 
represent an important food source for them (Cramp 
1988, del Hoyo et al. 2005). Nonetheless, the mistle 
thrush was not found in olive orchards during the 
winter in Spain (Rey 1993, 2011), selecting mainly 
wild olive shrublands (Rey 1993), further attesting 
to the avoidance of olive orchards in this season. 

Table 3. The best MaxEnt model for the mistle thrush in central Apulia (southern Italy). Estimates (β) of both linear and quadratic 
features are shown, as well their percent contribution and permutation importance.

Environmental variable Estimate
linear feature

Estimate
quadratic feature

Percent 
contribution

Permutation 
importance

Breeding season

Urban areas –1.791   3.176   1.9   5.7
Non-irrigated arable lands   0.000 –1.584 27.0 13.0
Irrigated arable lands   4.982 –3.043   6.7   6.0
Vineyards   5.035 –2.483 54.8 57.7
Olive groves   1.168 -   6.5 11.3
Needle-leaved woodlands   2.628 -   3.0   6.3

Winter

Urban areas –4.887 -   8.6   6.6
Non-irrigated arable lands –1.821 –0.512 19.8 40.2
Irrigated arable lands   5.041 –2.637 20.0 13.5
Vineyards   2.636 - 50.0 39.6
Natural grasslands   0.000 –2.448   1.6   0.0
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This avoidance may be due to competition with 
song thrushes or other frugivorous species, that are 
more abundant than mistle thrushes, which leads 
to a shift toward more available habitats, such as 
vineyards. On the other hand, the possibility of a 
lower detectability of the species during the winter  
cannot be excluded.

This study shows the importance of vineyards for 
the mistle thrush, both during the breeding season 
and in the winter. The mistle thrush also occurs in 
vineyards in northern Italy (Assandri et al. 2016), 
western France (Barbaro et al. 2017) and northern 
Spain (Puig-Montserrat et al. 2017, Rollan et al. 2019) 
during the breeding season, although with very low 
abundances (Barbaro et al. 2021). Nevertheless, at 
least in northern Italy, the mistle thrush does not 
nest in vineyards (Assandri et al. 2017b). However, 
in central Apulia, the same situation observed in 
northern Italy with the congeneric song thrush in 
apple orchards and vineyards could occur. Indeed, in 
northern Italy, song thrushes nest in apple orchards 
(Brambilla et al. 2013) and do not avoid intensive 
vineyards; on the contrary, an apparent process of 
“spillover” seems to occur because the species tends 
to colonise vineyards adjacent to apple orchards 
(Assandri et al. 2017a). In addition, song thrushes 
also nest in vineyards (Assandri et al. 2017b). In this 
way the mistle thrush may nest in olive orchards in 
the current study area, in particular in those adjacent 
to vineyards where the species could also nest, 
although breeding behaviours that suggested the 
presence of nests in vineyards were not observed 
in this study. Furthermore, vineyards could also be 
selected because of food availability. Indeed, in the 
study area, they are frequently ploughed all year 
long, providing many ground invertebrates, which 
are very important to the species’ diet, especially 
during the breeding season (Cramp 1988, del Hoyo 
et al. 2005). It is already known that the species 
selects vineyards both in northern Italy (Assandri 
et al. 2016) and northern Spain (Rollan et al. 2019) 
during the winter. As in the breeding season, during 
the winter, vineyards could be used for feeding, with 
ploughing providing invertebrates and the presence 
of unharvested grapes being advantageous as they 
are a readily available seasonal food source.

Results of this study show the positive effects 
of needle-leaved woodlands (old reforestations 
composed mainly by Pinus spp. and Cupressus spp.) 
on the mistle thrush during the breeding season. This 
is in agreement with the widely accepted knowledge 
that the probability of the species’ occurrence 

increases with the increasing amount of this kind of 
forest (del Hoyo et al. 2005, Brichetti & Fracasso 2008, 
Knaus 2020).

The current study demonstrated that during the 
breeding season the species also selected urban 
areas. Generally, the species does not live too close 
to human settlements, but in parts of the range in 
question (especially in Western and Central Europe), 
it has recently overcome its reluctance to inhabit 
urban parks and gardens (Cramp 1988, Knaus 2020). 
Generally, urban environments provide more stable 
and predictable food supplies, higher temperatures, 
and lesser temperature variability (Gil & Brumm 2014). 
Food may be more readily available in the proximity of 
humans and urban habitats may be colonised because 
of a reduction in the abundance of predators (Gil & 
Brumm 2014). All these advantages could explain the 
colonisation of urban areas by the mistle thrush in 
central Apulia. Indeed, garden lawns and shrubberies 
offer ideal feeding and nesting conditions. Similarly, 
in England, the mistle thrush colonises urban areas 
and villages, with higher densities in urban areas 
(1.8 ind./km–2) than in rural ones (0.8 ind./km–2) 
(Mason 2000). The mistle thrush also occurs in French 
(Clergeau et al. 2001) and Polish cities (Kopij 2019), 
and in Italy, it seems that this species is positively 
affected by the presence of roads (Morelli et al. 2015). 
Nevertheless, it was found that urban environments 
negatively affect the species during the winter. It is 
likely that this is not related to urbanisation per se, 
but to food availability, microhabitat preferences, 
and direct and indirect human activity (Tryjanowski 
et al. 2015). Indeed, changes in food availability in 
urban areas are probably key mechanisms that lead 
to changes in avian community structure (Shochat 
et al. 2004, 2006). Considering that in winter the 
mistle thrush consumes more fruits than in summer, 
and that fruit is scarce in winter in urban areas, the 
species may prefer to live in rural areas, in order to 
avoid the loss of energy brought about when moving 
between cities and the countryside, where it can 
find food. This is particularly true if we consider 
how birds are subjected to increased energy loss 
due to lower temperatures in winter, leading to a 
need to avoid areas of food shortage and to reduce 
energy expenditure (Hutto 1985, Caraco et al. 1990, 
Sherry et al. 2005, Diggs et al. 2011). Conversely, food 
availability during the breeding season (especially 
in the form of invertebrates) is higher everywhere 
and energy loss in this period is negligible, causing 
some mistle thrushes to move toward urban areas 
for nesting, in order to find a safe and favourable 
environment to raise their broods.
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Irrigated arable lands positively affected the mistle 
thrush in both winter and during the breeding 
season. During the breeding season, the mistle 
thrush feeds mostly on invertebrates, including 
earthworms (Cramp 1988, del Hoyo et al. 2005) and 
it was demonstrated that its abundance is related to 
their abundance (Martay & Pearce-Higgins 2020). 
In addition, in other thrushes (namely common 
blackbird Turdus merula and song thrush), there is 
also evidence that wet soils enhance reproductive 
success (Miller et al. 2017) and survival (Robinson 
et al. 2007), a fact that could also be true for the 
mistle thrush. In this way, the selection of irrigated 
arable lands when compared to non-irrigated lands 
is likely due to the high availability of earthworms. 
In addition, irrigated arable lands could also be 
important due to direct water availability, essential 
during the dry and hot summers typical of the study 
area. This fact is consistent with the occurrence of 
the species near water in North Africa (del Hoyo et 
al. 2005). Conversely, non-irrigated arable lands and 
grasslands are avoided by the mistle thrush, a factor 
especially true in the study area, which is both very 
large and treeless, and therefore unfavourable for the 
species (Cramp 1988). However, at the boundaries of 
its range, it has been found to occupy treeless sites, 
nesting in walls or on the ground (Cramp 1988).

The colonisation of the lowlands and coast in this 
Mediterranean area by the mistle thrush is somehow 
unexpected, especially due to the hot and dry climate. 
Indeed, the range of the mistle thrush is expected 
to shift northward and upward, disappearing from 
many areas of the Mediterranean Basin (Huntley et al. 
2007, Pape Møller et al. 2010). In general, southward 
and downward shifts of ranges occur in birds (Lenoir 
et al. 2010, Tingley et al. 2012, DeLuca & King 2017) 
as a direct consequence of habitat modifications and 

human-induced disturbances, or following natural 
disturbances (Lenoir et al. 2010). Moreover, Lenoir et 
al. (2010) argued that the species shifting downwards 
are ones that had been limited by competition with 
other species at the downslope edge of their ranges 
and that some characteristics of the downslope 
shifters may give them a competitive advantage as 
their competitors change with a warming climate. 
Furthermore, downward shifts could be caused 
by changes in non-temperature environmental 
gradients, such as temporal increases in precipitation 
(Tingley et al. 2012). However, what drives this 
southward and downward shift in Apulia remains 
unclear and the current hypotheses are relatively 
speculative. In Italy, forest cover has increased in 
recent decades (Rete Rurale Nazionale 2019) and 
there has been a positive trend (+26%) in summer 
precipitation (Toreti et al. 2009, Fioravanti et al. 2021). 
In this context therefore, the mistle thrush’s shift may 
be favourable to the species, taking advantage also of 
the absence of a potential competitor, as suggested by 
Lenoir et al. (2010). Indeed, the common blackbird, a 
generalist and competitive species, is absent or very 
scarce as a breeder in the area (Liuzzi et al. 2013), 
being a negligible limitation factor for the expansion 
of the mistle thrush toward the south.
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Appendix S1. Landscape classification for data collection.

Table S1. Landscape Units defined by cluster analysis and used to randomly allocate sampling point counts.

Table S2. Land use classes with significant differences between the landscape units obtained by the cluster 
analysis (Kruskal-Wallis test).
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Fig. S1. Landscape Units defined by cluster analysis and used to schedule the sampling design.

Fig. S2. The predicted spatial distribution of the mistle thrush in central Apulia (southern Italy) during the breeding 
season.

Fig. S3. The predicted spatial distribution of the mistle thrush in central Apulia (southern Italy) during the winter.
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