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Abstract

‘Agricultural pests’ is a locution used to indicate those wild species considered as dangerous to crops. The crested por-
cupine Hystrix cristata is a semi—fossorial rodent considered as one of the main agricultural pests by farmers in Italy.
Assessing the role of agriculture in shaping the porcupine’s space use is of great importance to develop proper manage-
ment and conservation strategies. The goal of this study was to quantify the degree of habitat selection by and suitability
for porcupines in Central Italy to assess the potential influence of agricultural fields on the ecology of this rodent. The
habitat suitability analysis was realized using presence—only data implemented in the MAXENT Software, while the
habitat selection analysis was carried out using the Jacobs’ selectivity index. Our research revealed that croplands have an
important role in the overall habitat suitability for porcupines. However, during the warm period, all habitats were used
according to their availability. Conversely, orchards, vineyards, and olive groves were preferred during the cold period.
Our findings suggest that the use of agricultural crops in accordance with their availability during the warm season and the
preference shown for orchards, vineyards, and olive groves during the cold one, highlight that porcupine—famer negative
interactions may occur in the areca. The implementation of proper prevention measures is therefore strongly suggested,
especially during the cold period, to reduce the potential impacts on agriculture.
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Introduction pursued by wildlife or humans that lead to an adverse effect

on the other category (Conover 2002), (ii) real threats

‘Human—wildlife conflict’ is a locution commonly used to
refer to the negative interactions involving people and wild
species (Woodroffe et al. 2005). These includes: (i) actions
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imposed by wildlife to human lives (e.g., direct attacks)
and/or economic security (Treves and Karanth 2003), or (iii)
perceptions that wildlife may constitute a threat for human
safety, food, and/or property (Peterson et al. 2011; Dressel
et al. 2015; Franchini et al. 2021). Some of the most impor-
tant drivers of negative interactions between wildlife and
humans include land use change to be devoted to livestock
practices, and agriculture (Nyhus et al. 2016). Furthermore,
ecological interactions between sympatric species relying
on the same (or similar) food resources may further increase
the likelihood of human—wildlife conflicts (e.g., Polisar et
al. 2003; Odden et al. 2010; Franchini and Guerisoli 2023).
Large predators are commonly used as an example when
discussing human—wildlife negative interactions. Neverthe-
less, also species defined as ‘agricultural pests’ (i.e., animals
that are considered as dangerous to crops) (Waterfield and
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Zilberman 2012) can cause substantial economic damages
(Nyhus et al. 2016).

Although crested porcupine Hystrix cristata (hereafter,
porcupine) damages to croplands are negligible compared
to other species (Laurenzi et al. 2016), this large rodent is
considered as one of the main agricultural pests by farmers
in Tuscany (Laurenzi et al. 2016; Cerri et al. 2017; Lovari
et al. 2017). In European law, the porcupine has been listed
in Appendix II of the Bern Convention and Appendix IV of
the ‘Habitat” Directive since 1978 and 1982, respectively.
In Italy, the species has been protected since 1977 (National
Law 968/1977) and is listed among the ‘particularly pro-
tected species’ in National Law 157/1992. Despite this level
of legal protection, this rodent is still heavily poached for
its tasty meat, and because of (real or perceived) damages
to croplands (Laurenzi et al. 2016; Lovari et al. 2017). The
highest damages have been reported to occur primarily
in private unprotected vegetable gardens (Laurenzi et al.
2016), leading to resentment among the owners. Moreover,
local intolerance towards porcupines has increased due to
damages to riverbanks caused by burrow digging (Lovari
et al. 2017) and wounds provoked on hunting hounds (Mori
et al. 2014a).

‘Habitat suitability” has been defined as the ability of a
habitat to support a viable animal population over an eco-
logical time—scale (Kellner et al. 1992). Conversely, ‘Habi-
tat selection’ has been commonly used to indicate the use of
a certain habitat in relation to its local availability (Johnson
1980). Studying habitat selection and suitability is a way
of assessing the importance of specific habitats for species
expansion and conservation (Mayor et al. 2009; Mori et al.
2021a; Torretta et al. 2021; Frangini et al. 2022). Moreover,
it may provide useful information about the role of culti-
vated fields for a species, thereby allowing to explore the
intensity of human—wildlife negative interactions. So far, in
Italy, researches on porcupine habitat suitability have been
mainly focused on assessing both the current and potential
range of expansion for the species (Mori et al. 2021a; Tor-
retta et al. 2021). As for the habitat selection, studies were
carried out in small areas of Southern Tuscany and Northern
Latium (Sonnino et al. 1998; Mori et al. 2014b; Lovari et
al. 2017; Luzi et al. 2021). Due to hostilities towards the
species expressed by farmers in Central Italy (Laurenzi et
al. 2016; Cerri et al. 2017; Lovari et al. 2017), exploring
porcupine habitat selection and suitability at a regional level
is necessary to ascertain the species’ habitat requirements
and to examine the (potential) impacts on farmlands. This
is essential for developing appropriate prevention strate-
gies. The presence of food resources and undisturbed areas
are key determinants influencing habitat selection (Mori et
al. 2014b; Lovari et al. 2017) and suitability (Mori et al.
2021; Torretta et al. 2021) for this rodent. The porcupine is
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a ‘generalist species’ feeding not only on underground stor-
age organs (e.g., Cyclamen spp. L., Rumex spp. L., Ruscus
aculeatus L.) (Mori et al. 2017), but also on fruits and stems
(Lovari et al. 2017; Viviano et al. 2022). Underground stor-
age organs constitute the staple of the diet of porcupines
throughout the year (Mori et al. 2017). Conversely, fruits
and agricultural products are mainly consumed in the warm
season (Mori et al. 2014b, 2017). In fact, during summer, the
Mediterranean ‘macchia’ of Central Italy is relatively poor
in terms of food (Massei et al. 1997; Lovari et al. 2013),
hence prompting porcupines to travel into agricultural lands
searching for profitable food resources (Mori et al. 2014b).
This behaviour may increase the odds of negative interac-
tions with farmers (Laurenzi et al. 2016; Lovari et al. 2017).

Based on these considerations, the purposes of this study
were (i) to assess the impact of agricultural fields on the
habitat suitability for porcupines in Central Italy, and (i7)
to explore the extent of habitat selection by porcupines,
accounting for seasonal variations, to determine whether
croplands were preferred, avoided, or used in proportion
to their availability in comparison to other habitats. We
assumed that cultivated fields constitute an important source
of food, especially during the warm season when food
resources in natural habitats are more rarefied. Therefore,
we predicted to observe a different degree of habitat selec-
tion between warm and cold period. In particular, we would
expect to observe a higher preference for agricultural areas
during the warm period, and a lower preference during the
cold one.

Materials and methods
Study area and data collection

The study was realized in Tuscany (Central Italy) (Fig. 1),
where agriculture predominates across the region (Franchini
et al. 2022). Depending on the latitude, during the warm
season cereals, sunflowers and lucerne represent the most
abundant crops (Mori et al. 2014b, 2017). Conversely, in the
cold months, only cereals and few cabbage are cultivated.
To conduct the research, we considered porcupine posi-
tive locations opportunistically collected from 2012 to 2014
across the region using different data sources: camera—traps
(n=134), road—kills (n=23), and live captures (n=12).
Although opportunistic records may provide accurate pre-
dictions of a species occurrence (Tiago et al. 2017), given
the unknown or unbalanced sampling effort (van Strien et al.
2013), they are often discontinuous and/or spatially auto—
correlated (Boitani et al. 2011). To reduce those potential
biases, we used the ‘spThin’ R package (Aiello-Lammens
et al. 2015) to spatially thin our initial dataset and retain
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the maximum number of locations that were at least 1 km
apart. The decision to use a 1 km resolution was made fol-
lowing filtering experiments. This choice aimed to strike
a balance between retaining an adequate number of rep-
resentative samples and ensuring the inclusion of smaller
habitat categories that could hold relevance for the species.
Moreover, a 1 km distance between locations aligns closely
with the average home-range size observed for porcupines
in Central Italy (see Habitat suitability and selection analy-
ses—Lovari et al. 2013). The final dataset was composed
by n=93 camera—traps, n=13 road-kills, and n=1 live
capture, covering an area of about 17,551 km? and defined
through a 100% Minimum Convex Polygon (100% MCP)
implemented starting from the coordinates of each location
(i.e., camera—traps, road—kills, live capture) (Fig. 1).

Given the absence of seasonal dispersal patterns in the
study area (Mori and Fattorini 2019), we conducted the
habitat suitability and selection analyses only for adult
individuals, presuming their resident movement behaviour,
rather than filtering for dispersal periods. The age class of

road—kill and captured individuals was determined based
on body measurements and maxillary teeth eruption (Mori
and Lovari 2014) whereas, as for camera—trapping data,
they were all classified as adults based on their body size
(Franchini et al. 2022).

Carcases of road—kill porcupines were opportunistically
collected from 2012 to 2014 in the Provinces of Arezzo
(n=3), Grosseto (n=4), and Siena (n=06) (Supplementary
material 1). Captures were carried out within a 24—year
research project (1990-2014) aimed at exploring the behav-
ioural ecology of porcupines in Central Italy (Lovari et al.
2013; Mori et al. 2014b, 2015), with captures conducted
throughout ten years. During this period, a total of 54 indi-
viduals were captured: ten in the Province of Grosseto and
44 in the Province of Siena (Mori et al. 2015). Ten home—
made metal box traps (55X 75x 100 cm) were used. Traps
were baited with vegetables and fruits (apples, carrots, corn,
pears, plums, potatoes), activated for at least seven nights
per month and checked at sunrise and sunset during each
trapping session (five per year, respectively, in 1990, 1991,
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Fig. 1 Location of the study area (Tuscany region—inset map) along
with the habitat suitability map (right) realized starting from porcu-
pine locations (left). Capture, road—kill, and camera—trap positive
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Habitat suitability map A Capture
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locations are highlighted by blue triangle, orange dots, and dark green
diamonds, respectively
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1992, 1995, 1997, 1998, 1999, 2012, 2013 and 2014). When
an individual was trapped, it was sedated before manipula-
tion following the standard protocol elaborated by Massolo
et al. (2003).

As for camera—trapping, we used independent pres-
ence—only data obtained from previous researches real-
ized in Tuscany in 2013. Because these studies aimed to
explore the ecology of several species (data available on
www.inaturalist.org and published works: e.g., Mori et al.
2014c; Franchini et al. 2017; Mori and Menchetti 2019;
Viviano et al. 2021), camera—traps were randomly placed
in all habitat types (excepting water bodies). Random points
were selected through the QGIS (v. 2.0) Software within a
regular grid, following the habitat classification obtained
from the 2013 land cover map of the Tuscany region (DB
UCS 1:10000) (see Habitat suitability and selection anal-
yses). Since cameras were distributed across the entire
region (Fig. 1), the average distance among them was
approximately 77.3 m (Standard Deviation [SD]=41.5 m;
minimum [min]= 1,030 m; maximum [max]=228,340 m).
Distance parameters (i.e., mean, SD, min, max) were cal-
culated using the distance matrix tool in QGIS (v. 3.28).
Cameras were placed along trails and/or near den sites at
a height variable from 30 to 50 cm above the ground (tied
with ropes and chains, to reduce the likelihood of thefts and/
or vandalisms), activated 24 h per day throughout the year
to take one video/event and maximize the detection prob-
ability, and checked every 10-15 days to download data and
replace batteries. Cameras were rotated amongst stations at
least once every 40 days, to ensure that each camera trap sta-
tion was sampled for at least 30 days per season. The overall

Table 1 Percentage share of each land cover class (PLAND) obtained
from the 2013 land cover map of the Tuscany region (DB UCS
1:10000)

Land cover class PLAND
Agroforestry 0.2
Arboriculture 0.6
Areas with sparse vegetation 0.3
Areas with woody and shrubby vegetation in evolution 3.7
Broad-leaved forests 39.7
Cliff areas 0.3
Coastal areas 0.1
Coniferous forests 2.8
Cultivated fields 28.1
Lagoons and swamps 0.3
Mixed forests 3.7
Moors and shrublands 0.1
Open pastures and grasslands 1.8
Orchards, vineyards, and olive groves 8.7
Other 0.01
Sclerophyllous vegetation 0.4
Urban areas 8.8
Water bodies 0.3
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sampling effort was 4,319 camera—trap nights, during which
an average of 38 (SD=22) independent porcupine events
were recorded. A time span of 30 min between pictures at
the same site was considered to define an independent event
(Meek et al. 2014).

Habitat suitability and selection analyses

Based on 2013 land cover map of the Tuscany region (DB
UCS 1:10000), habitats were re—classified into 18 different
percentage share of land cover classes (PLAND—Table 1).

Since our goal was to investigate the role of agriculture
in shaping the porcupine habitat selection and suitability,
we first evaluated its influence in the habitat suitability
model. Because this environmental covariate made a sub-
stantial contribution (see Supplementary material 2 and
Results), the habitat selection analysis was carried out. As a
first step, we built a MAXENT model (Phillips et al. 2006)
focusing on two Software outputs, i.e., the variable impor-
tance score and the jackknife test plot of variable impor-
tance (see Supplementary material 2). These two metrics
enabled us to evaluate the contribution of agricultural fields
to the model construction. We used the 18 environmental
covariates representing the percentage share of the re—clas-
sified land cover categories (Table 1) as 1.5x 1.5 km raster
layers, to reproduce the average home-range for a porcu-
pine in Central Italy (Lovari et al. 2013). Multicollinear-
ity among land cover categories was checked through the
Variance Inflation Factor (VIF) and considering VIF >5 to
indicate the presence of covariates presenting severe col-
linearity issues (Akinwande et al. 2015). We run the MAX-
ENT model through the standalone Software using default
settings and a 10—fold cross validation as model evaluation
(Phillips 2017). Presence data (represented by porcupine
positive locations) were compared with 10,000 background
locations.

To realize the habitat selection analysis, a buffer with
a radius of 849 m was applied to each porcupine location
based on the average home-range for an individual in Cen-
tral Italy (Lovari et al. 2013). The porcupine seasonal habi-
tat selection was investigated using the Jacobs’ selectivity
index (Jacobs 1974):

D=(r—p)(r+p—2xrxp)

where 7 is the proportion of porcupines captured/road—
killed/camera—trapped in each habitat, and p is the propor-
tion of habitats available within the buffer areas (i.e., sum of
each habitat calculated within each buffer).

The index ranges from — 1 (complete avoidance) to + 1
(exclusive use) with preference or underuse declared only
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at values > 0.3 or < -0.3, respectively (Laurenzi et al. 2016;
Lovari et al. 2017).

As for the seasonal habitat selection, we compared warm
(spring, summer) vs. cold (autumn, winter) season classified
as follows: autumn (October, November, December), winter
(January, February, March), spring (April, May, June), sum-
mer (July, August, September). Before using the index, the
significant difference in habitat use compared to the avail-
able habitats was assessed using Fisher’s exact test (Fisher
1922) due to all values in the contingency table being <5.

The analyses were carried out using the QGIS (v. 3.28)
and R Software (v. 4.3.1) (R Development Core Team 2023)
and the level of significance was set at 0.05.

Results

Following PLAND values calculated for each buffer, the
habitat was mainly covered by broad—leaved forests, cul-
tivated fields and urban areas, respectively (Table 2). The
total number of porcupine positive locations was higher
during the warm season (n=69, 64.5%) and lower during
the cold one (n=38, 35.5%) (Table 2).

All the 18 environmental covariates showed VIF<5.
Therefore, none was discarded in the MAXENT model.
The model performance was poor (AUC=0.63 +0.08 (SE),
as values typically indicating good model performance are
> 0.7 (Greiner et al. 2000; Vanagas 2004). However, the per-
cent contribution of each environmental covariate and jack-
knife plots (see Supplementary material 2) highlighted that
agricultural fields hold relevance in the model construction,

thus empirically justifying the habitat selection analysis
realized through the Jacobs’ selectivity index.

During the warm season, all habitats were used accord-
ing to their availability (Fisher’s test, p=0.1). Conversely,
during the cold one, habitat use differed from the expected
(Fisher’s test, p=0.01). Arboriculture, cliff areas, coastal
areas, moors and shrublands, and open pastures and grass-
lands were totally avoided (D = -1); broad—leaved forests
(D = -0.4) and cultivated fields (D = -0.5) were underused,
while agroforestry (D=0.7), coniferous forests (D=0.5),
lagoons and swamps (D=0.4), mixed forests (D=0.4),
orchards, vineyards, and olive groves (D=0.3), and urban
areas (D=0.6) were preferred. Areas with woody and
shrubby vegetation in evolution (D=0.1) where instead
used according to their availability (Fig. 2).

Discussion
Habitat suitability

The contribution given by urban areas and cultivated fields
in the habitat suitability model contrasts with Mori’s et al.
(2021a) research where they observed that an increase in
farmlands and urbanization may limit the range of expan-
sion of porcupines. In fact, dry areas (like urban ones) are
generally considered as unsuitable for this rodent since
they impede digging and burrowing behaviours (Mori et
al. 2013). Conversely, this finding is in accordance with the
study conducted by Torretta et al. (2021) where they have
shown that cultivars are frequently highly heterogeneous

Table 2 Percentage share of each land cover class (PLAND—2013 land cover map of the Tuscany region—DB UCS 1:10000) calculated within
each buffer, along with number and percentage share of porcupine locations (captured/road—killed/camera—trapped) falling within each habitat

per season
Habitat PLAND Porcupine locations per habitat and season

Warm season % Cold season %
Agroforestry 0.5 0 0 1 2.6
Arboriculture 0.3 0 0 0 0
Areas with sparse vegetation 0.2 1 1.4 0 0
Areas with woody and shrubby vegetation in evolution 5.1 6 8.7 2 5.3
Broad-leaved forests 359 20 29 7 18.4
Cliff areas 0.2 0 0 0 0
Coastal areas 0.3 0 0 0 0
Coniferous forests 33 2 2.9 2 53
Cultivated fields 29.8 11 15.9 4 10.5
Lagoons and swamps 0.6 0 0 1 2.6
Mixed forests 4 3 43 3 7.9
Moors and shrublands 0.01 0 0 0 0
Open pastures and grasslands 2.1 2 2.9 0 0
Orchards, vineyards, and olive groves 7.1 4 5.8 4 10.5
Sclerophyllous vegetation 0.4 0 0 0 0
Urban areas 10 20 29 14 36.8
Water bodies 0.1 0 0 0 0
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Fig. 2 Habitat selection (Jacobs’ selectivity index) by porcupines dur-
ing the cold season (autumn, winter). Positive (>0.3) or negative (<
-0.3) values (horizontal red lines) indicate preference or underuse,

and intermixed with patches of natural or semi—natural habi-
tats, thus providing abundant and diversified food resources.
Moreover, peri—urban environments are used by the species
long as they are linked to cultivated fields for both feeding
and denning (Mori et al. 2022a). Given that natural habitats
in Tuscany are highly fragmented, interspersed with agri-
cultural and urban areas (Franchini et al. 2022), we consider
that the region’s diverse habitat supports ample shelter and
food resources for porcupines. This heterogeneous land-
scape context thus likely contributes to the suitability of the
area for the species.

Seasonal habitat selection

During the warm season, all habitats were used according
to their availability, thus rejecting our initial assumption.
Although not considered optimal habitats for porcupines
(Mori et al. 2014b; Torretta et al. 2021), croplands are used
during the warm months (a period coinciding with reduced
food availability in natural habitats— Mori et al. 2014b,
2017; Lovari et al. 2017), being rich in food resources (e.g.,
cereals, lucerne, figs, sunflowers, watermelons) (Mori et
al. 2017). The use of agricultural areas in accordance with
their availability during the warm season might be attrib-
uted to seasonal shifts in territorial behaviour exhibited by
this rodent (Mori et al. 2014b). An ecological process called
‘seasonal contraction’ dictates that seasonal variations in
food availability force porcupines to increase or decrease
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respectively, towards a certain habitat. Areas with sparse vegetation
as well as sclerophyllous vegetation, were not included because they
were absent within the calculated buffers

their home-range size when trophic resources are near or
far from the den (Lovari et al. 2013). Specifically, during
the warm period, underground plant storage organs may be
difficult to reach due to sun—baked soil. This could force
porcupines to expand their home—ranges in search of more
accessible food resources (Lovari et al. 2013; Mori et al.
2014b). Consequently, this expanded roaming behaviour
may drive the species to explore and use a wide spectrum of
habitats. An alternative explanation lies in the porcupine’s
generalist feeding behaviour, allowing the species to con-
sume a wide array of vegetables and organs like fruits, roots,
and stems (Bruno and Riccardi 1995; Mori et al. 2021b, for
a review) based on their local seasonal availability.

As for the cold period and with reference to agricultural
habitats, the results obtained revealed complete avoidance
for arboriculture, a lower than expected use of cultivated
fields, and a preference for orchards, vineyards, and olive
groves, thus partially matching our initial assumption.
As stated above, the use of these habitats depends on the
amount of food available in natural environments (e.g.,
woodlands), which varies depending on the season (Mori et
al. 2014b, 2017; Lovari et al. 2017). During the cold season,
porcupines mainly forage on underground storage organs of
woody plants (Mori et al. 2017; Viviano et al. 2022). How-
ever, cultivars could also be consumed during this period
when prevalence of different parasite species tend to be
higher, in turn leading to higher parasite infections. There-
fore, those plants (including those producing fruits) having
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antiparasitic medical properties are frequently consumed
(Viviano et al. 2022). This may explain why, during the cold
months, certain agricultural crops are avoided or underused,
while others (like orchards, vineyards, and olive groves) are
preferred. Furthermore, vineyards and fruit orchards pro-
vide easily accessible food resources, since fruits fallen on
the ground and/or those growing on low branches constitute
an important part of the porcupine’s diet (Mori et al. 2017,
Lovari et al. 2017). The preference shown for agroforestry
areas may find explanation in the feeding ecology of this
rodent, searching for underground storage organs in can-
opy—covered areas (Mori et al. 2017; Viviano et al. 2022)
regardless of their origin (i.e., wild or cultivated). Never-
theless, another possible explanation may be linked to the
ongoing climatic crisis which may alter the species’ feeding
behaviour (Pettorelli et al. 2007; Lovari et al. 2020). Dur-
ing cold periods characterized by severe droughts, porcu-
pines may encounter difficulty in foraging for food through
digging, in turn prompting the species to resort to typically
avoided food sources, such as tree barks (Laurenzi et al.
2016; Mori et al. 2022b). Tree debarking is mainly oriented
towards plant species (e.g., Quercus pubescens Willd., Rob-
inia pseudoacacia L., Sambucus nigra L.) presenting soft
barks with medical properties (Mori et al. 2022b). There-
fore, the positive or negative selection of cultivated for-
estry areas may also depend on the characteristics of the
cultivated tree species. The work carried out by Mori et al.
(2022b) was realized using data collected between March
2021 and February 2022, when Central Italy was affected
by a severe drought. Our research included data collected
from 2012 to 2014, years in which Tuscany (and other Ital-
ian regions) experienced drought events (ARPAT—Agenzia
Regionale per la Protezione Ambientale in Toscana). In over
30 years of studies conducted on the spatial ecology and/or
feeding behaviour of porcupines (e.g., Corsini et al. 1995;
Mori et al. 2014a, b, ¢, 2017, 2022a; Laurenzi et al. 2016;
Lovari et al. 2013, 2017), stem debarking has been only
rarely observed (Laurenzi et al. 2016). However, field sur-
veys conducted in Tuscany during the winter of 2012-2013
(Mori et al. 2014d) indicated that two snowfall events, with
snow depth ranging from 20 to 40 cm, might have stimu-
lated the debarking behaviour observed in porcupines (Lau-
renzi et al. 2016). Moreover, most of the above studies were
mainly conducted in Central/Southern Tuscany. Therefore,
the likelihood of porcupines engaging in tree debarking
behaviour across other areas of the region (in connection
with the severity of seasonal drought) might have been
underestimated.

The preference observed for coniferous forests contrasts
with Lovari’s et al. (2017) study, where it was found that
porcupines typically avoid coniferous woodlands due to lim-
ited shelters and/or food resources. However, fruits of some

hard epicarp species (e.g., pine nuts) are consumed during
the cold season (Mori et al. 2017), in turn explaining the
higher occurrence of porcupine in coniferous forests during
this period. The preference shown for lagoons and wetlands
does not match the results achieved by Mori et al. (2014b),
where they found that these habitats are generally under-
used by the species. Nevertheless, occasional visits may
occur by certain individuals, particularly sub—adults, for the
creation of temporary or seasonal burrows (Pigozzi and Pat-
terson 1990; Mori and Assandri 2019). The preference for
mixed forests might be attributed to the porcupines’ inclina-
tion to feed on underground storage organs (e.g., Cyclamen
spp., Rumex spp., Ruscus aculeatus L.) or fruits of under-
story vegetal species. These resources are commonly found
in areas where both coniferous and deciduous plants coexist
(Mori et al. 2017). The preference shown for urban areas is
in contrast with other studies (Lovari et al. 2017; Mori et
al. 2017; Viviano et al. 2020; Luzi et al. 2021) where a gen-
eral avoidance of heavily human—altered environments was
reported. However, despite habitat degradation, urban areas
may host a high species diversity (e.g., Collins et al. 2000;
Chace and Walsh 2004; Magle et al. 2012). Furthermore,
the use of urban areas by porcupines has notably expanded
in recent years (Manenti et al. 2020; Mori et al. 2022a), par-
ticularly when these areas are connected to cultivated lands
(Mori et al. 2022a). In fact, porcupines exhibit a preference
for thorny thickets in these settings for denning purposes
and to exploit seasonal food resources (Lovari et al. 2017;
Mori et al. 2022a). For instance, figs (especially during
summer) are particularly attractive for porcupines, which
in turn get close to human infrastructures to feed on them
(Lovari et al. 2017). Nevertheless, because this represents a
‘high risk, high gain’ strategy, porcupines aim to minimize
their time spent within or near human areas to mitigate the
risk of poaching (Lovari et al. 2017).

The total avoidance of cliff and coastal areas aligns with
findings from Mori et al. (2014b), indicating these habi-
tats are typically avoided due to their scarcity of resources,
including food and shelters. The total avoidance of moors
and shrublands is in contrast with Mori et al. (2017) and
Lovari et al. (2017). Shrub woods are generally positively
selected by porcupines for both feeding (Lovari et al. 2017)
and denning (Mori et al. 2017). Nevertheless, positive or
negative selection depends on the plant species occurring in
the area (Lovari et al. 2017). For instance, Rubus ulmifolius
Schott., Prunus spinosa L., and Spartium junceum L. are
positively selected. Digging dens within these dense thorny
bushes, might indeed serve as a strategy to minimize the
risk of poaching due to the challenging accessibility of these
habitats (Lovari et al. 2017). On the other hand, garigue hab-
itats are generally avoided as they are deemed unsuitable for
porcupines (Mori et al. 2014b). We speculate that the total
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avoidance of shrub habitats, as observed, might be due to
the unsuitable conditions associated with the plant species
occurring in the area. Additional researches conducted at a
more detailed landscape scale are necessary to offer com-
prehensive insights. The total avoidance of open pastures
and grasslands might indicate the species’ preference for
habitats (such as scattered landscapes) that offer a more
diverse array of food resources and denning sites (Lovari et
al. 2013; Mori et al. 2014b, 2017; Luzi et al. 2021).

The underuse of broad—leaved forests is in contrast with
other studies realized in Central Italy (Lovari et al. 2017,
Mori et al. 2014b, 2022b). Underground vegetal organs con-
stitute the staple of the diet of porcupines and are mostly
abundant in deciduous woodlands (Mori et al. 2017, 2021).
The generalist feeding behaviour of the rodent allow it to
feed on a large variety of plant materials exploiting a wide
spectrum of habitats (Bruno and Riccardi 1995; Mohamed
2011), may underlie it.

Conclusions

To our knowledge, this study marks the initial endeavour
to evaluate the extent of habitat suitability and selection by
porcupines across the whole Tuscany region, investigating
the significance of cultivated fields for this species, in turn
exploring the potential patterns of negative human—porcu-
pine interactions in Tuscany.

Despite porcupines may feed on cultivars during the
warm months (when food resources in more natural habitats
are limited—Mori etal. 2014b, 2017; Lovari etal. 2017), this
cannot be considered as a ‘rule of thumb’ since our findings
revealed that, during the warm period, all habitats are used
according to their availability. On the contrary, orchards,
vineyards and olive groves were positively selected during
the cold season. In Tuscany, agricultural fields cover about
50% of the total available habitats, and from 1750 to 1855
porcupines have been estimated in the area (Franchini et al.
2022). Despite our findings revealed moderate use of culti-
vars during the warm season, the implementation of proper
prevention measures is strongly recommended, especially
during the cold season, to reduce the odds of potential
damages.

Despite we recognize the importance of the findings
achieved in the exploration of human—porcupine negative
interactions in Central Italy, we also recognize the poten-
tial limits of our work: (7) despite relying on few monitored
individuals, the research carried out by Sonnino et al. 1998;
Mori et al. 2014b; Lovari et al. 2017 included radio—tagged
individuals, a method which can provide more detailed
information about habitat use/selection as well as individ-
ual movements. For instance, the observed preference for
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coniferous forests during the cold season, a habitat typi-
cally deemed unsuitable for porcupines (Lovari et al. 2017),
might also be associated with using this habitat as a transi-
tional area; (if) diet analyses (not realized in this research)
may have provided additional useful information about the
role of cultivars (and other habitats) in shaping the species
habitat use/preference. In fact, the species’ presence (or
preference) in/towards a certain habitat, does not necessarily
imply occurrence of damages; (iif) the avoidance of moors
and shrublands might be influenced by the availability of
food and plant species within those areas (Mori et al. 2014b,
2017; Lovari et al. 2017). Similarly, certain cultivated fields
(e.g., cereals, lucerne, figs, sunflowers, watermelons) might
experience greater consumption compared to others. How-
ever, the level of landscape detail necessary to differenti-
ate between these distinctions is not provided in the habitat
classification outlined in the 2013 land cover map of the
Tuscany region. These findings imply that investigating the
habitat use and selection by porcupines should occur on a
finer scale, also considering the species’ feeding behaviour.
This approach would better delineate the role of each habi-
tat in influencing the porcupine’s ecology and intensity of
negative interactions with local farmers.
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