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Abstract
Old World porcupines are widely recorded as being agricultural pests throughout their distribution range. Despite
being legally protected in Italy, the crested porcupine Hystrix cristata is extensively poached for its meat as well as
for complained crop damages. In this work, we analysed the diet of crested porcupines in a Mediterranean coastal
area surrounded by agricultural patches. Feeding habits of this species were assessed throughout the year through
faecal analysis. Underground vegetal organs were the staple of the diet of this large rodent in both cold and warm
months. Fruits were consumed mainly in cold months (hard epicarp species, e.g. acorns and pine nuts). In warm
months, agricultural products, e.g. sunflowers, cereals and watermelons, were mostly consumed. Patterns of
food consumption are consistent with a study on habitat selection by crested porcupine within the same study area.
According to this previous study, the Mediterranean “macchia” represents a poor habitat in terms of food resources
and it is selected only in cold months, when porcupines mainly feed on underground storage organs of woodland
plants. During the summer, porcupines are forced to travel long distances to search for other food categories,
e.g. cultivated species.
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Introduction

Despite being listed among the protected species by
Italian national law and European Conventions
(Mori et al. 2013), the crested porcupine Hystrix
cristata L. 1758 (Mammalia, Rodentia), introduced
to Italy probably in early Mediaeval times (Bertolino
et al. 2015; Trucchi et al. 2016), is also recorded as
an agricultural pest (Laurenzi et al. 2016). Although
it has been observed that crop damage by this species
usually occurs only in small, private vegetable gar-
dens, this finding is only based on farmers’ com-
plaints and not on information about the actual diet
of this large rodent (Laurenzi et al. 2016). Data on
the diet of crested porcupines rely mainly on two
studies carried out in a deciduous woodland area,
where agricultural patches were absent (Bruno &
Riccardi 1995), and in a suburban area (Lovari et al.
2017). According to these papers, crested porcupines
in Italy adopt a generalist strategy, consuming a variety

of food resources according to their seasonal availabil-
ity (Bruno & Riccardi 1995; Lovari et al. 2017). Fruits
growing on the lowest branches of trees and bushes, as
well as those fallen on the ground, represented an
important component of the diet of this rodent
(Lovari et al. 2017). Ranging movements of porcu-
pines are significantly determined by habitat richness
(Lovari et al. 2013). Accordingly, the distribution of
food resources represents the main determinant of
habitat selection of this rodent (Mori et al. 2014a).
Where food resources are scarce, seasonal variation in
food availability forces crested porcupines to display a
spatial behaviour called “seasonal contraction”, i.e.
increased home range size when trophic resources are
far from the den, and decreased home range size when
resources are concentrated in the surroundings of the
burrows (Lovari et al. 2013). During the warm period
in Central Italy, the Mediterranean “macchia” is a
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relatively poor habitat in terms of food availability
(Lucherini & Lovari 1996; Massei et al. 1997; Lovari
et al. 2013); therefore, porcupines avoid this habitat
and travel long distances to reach agricultural patches
(Pigozzi & Patterson 1990; Mori et al. 2014a). Pigozzi
and Patterson (1990) analysed the feeding habits of
porcupines in a Mediterranean “macchia” area in
July, with no reference to the rest of the year. They
observed that sunflower and cereals were the main
food resources used, although dens were located
2–3 km far from agricultural patches. In this work, we
studied the yearly diet of the crested porcupine in a
Mediterranean “macchia” habitat. We predicted that
(i) variation in the feeding habits throughout the year
would occur and that (ii) the seasonal differences in
porcupine diet are related to the described variation of
the species space-use pattern betweenmonthly periods
(i.e. use of agricultural products only when porcupines
used agricultural patches; Mori et al. 2014a).

Materials and methods

The study area is located in the northern part of the
Maremma Regional Park (Province of Grosseto: 42°
39ʹN, 11°05ʹE) and it included a 1073-ha evergreen
woodland along the Tyrrhenian coast. Monthly aver-
age rainfall is about 58 mm. Two periods were
recognised according to the average environmental
temperature of our study area (Lovari et al. 2013;
Mori et al. 2014a): a warm one (April–September)
and a cold one (October–March; Figure 1).

The study area was mainly covered by pinewood
(Pinus pinea L., 1753: 25.9%) and Mediterranean
“macchia” (mainly Quercus ilex L., 1753, Phyllirea sp.,
Erica multiflora L., 1753 and Pistacia lentiscus L., 1753;
25.6%). Cultivated areas were mainly represented by
sunflower, cereals and lucerne (24.0%); fallows and
abandoned olive groves covered 15.0% of the area.
Shrubs (Juniperus communisi L., 1753, Smilax aspera
L., 1753, Spartium junceum L., 1753 and Calycotome

spinosa (L., 1753)) covered 3.0% of the site, and the
remaining 6.3% was constituted by wetlands and
coastal dunes (Figure 1; Mori et al. 2014a).
Eight transects of about 2.1 km each (total:

14.8 km; Figure 1) were identified using a stratified
sampling design, throughout all the identified habitat
types (Lovari et al. 2017). All the transects were
located within the routes used by radio-tagged por-
cupines (Figure 1), placed about 200 m from each
other, and visited once a month throughout the year.
Droppings were chiefly detected along main routes
crossed by animals. All the transects were located in
the surroundings of porcupine den setts (Figure 1)
and relevant entrances, to maximise scat detection.
Most den setts were located within deciduous wood-
lands, as well as in their surrounding shrub belts
(Figure 1), with a few others occasionally used in
unsuitable areas (pinewoods, fallows; Monetti et al.
2005). Samples were classified by date and stored in
a freezer in plastic bags. Droppings of porcupines are
easily distinguishable from those of other species, as
they take the form of a series of stacked pellets
(Barthelmess 2006). A total of 10 droppings per
month (one per transect and two more randomly
selected) were analysed, following the protocols
reported by Bruno and Riccardi (1995) and by
Lovari et al. (2017). This number was considered
to be sufficient to determine the proportion of plant
parts included in the diet of the crested porcupine,
by plotting the cumulative number of prey items
against the number of faecal samples analysed
(Bruno & Riccardi 1995; Lovari et al. 2017).
Droppings were analysed following standard proto-
cols (Bruno & Riccardi 1995; Lovari et al. 2017):
first of all, the mucous film covering the droppings
was dissolved with a solution of NaOH 0.059 M
(10–20 min at 40°C). Then, the sample was washed
through a 1-mm square mesh sieve, and fragments
separated by hand according to the food categories
they belonged to. Identification of fragments was

Figure 1. On the left, habitat composition of the study area; asterisks represent porcupine den setts, dotted lines the transects traveled to
collect droppings. On the right, mean ambient temperatures during the study period.
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made through a stereomicroscope (WILD M3C,
Heerbrugg: 128–320×). Food remains found in fae-
cal samples were grouped into four main categories:
(i) underground storage organs and barks of wild
plants; (ii) stems and leaves of wild plants; (iii) wild
fruits; and (iv) agricultural products (i.e. fruits, cer-
eals and sunflowers; see Table I). Although no data
about food availability were available, underground
storage organs and wild fruits were mainly present in
deciduous woodlands and shrubwoods, whereas
agricultural products were only present in the north-
ern part of the study site (Figure 1). Fragments were
identified through the use of local reference collec-
tion, including those used by Bruno and Riccardi
(1995) and Lovari et al. (2017).

Volumes of each food category were measured by
water displacement (Bruno & Riccardi 1995). The
relative frequency of occurrence was computed as
RFij = nij/Nj × 100, where nij is the number of
times the i food category was observed in the diet
of the porcupine during the season j, and Nj is the
total number of food categories in the same season.

Relative volume was calculated as Vij = Σvij/
ΣVj × 100, where vij is the volume (in cc) of the i
food category observed in the diet of the porcupine
during the season j, and Vj is the total volume of food
categories in the same season (Corsini 1998).
Relative frequencies and volumes were then plotted
in a graph (Kruuk 1989). A χ2 test was carried out to
assess whether seasonal differences in consumption
of wild and cultivated fruits occurred in the diet of
crested porcupines. Furthermore, G-tests were
applied to the number of fruit remains detected
within the droppings, to study seasonal variation
(Panzeri et al. 2014).

Results

Underground storage organs of wild plants made up
the staple of the diet of the porcupine throughout the
year, followed by wild fruits in the cold period and
by agricultural products (cf. Table I) in the warm
months (Figure 2). Accordingly, consumption of
both wild and cultivated fruits significantly changed
between the warm and the cold period (χ2 = 21.73,
df = 1, P ≪ 0.01).
The percentage of each used fruit (cultivated and

wild species) is reported in Table I; G-tests for all of
the fruit species show that consumption of cultivated
species increased in summer and was substituted
with consumption of wild ones during the cold
months. The category “Others” (Table I) potentially
included both wild and cultivated fruits which were
not identified through microscopy analyses.

Discussion

Our study area afforded an interesting opportunity to
study how the diet of crested porcupine responds to
food availability throughout the year, as it included
both cultivated and natural habitats. Underground

Table I. Percentage (relative frequencies) of each fruit species in
the diet of the crested porcupine.

Fruit
Wild/

cultivated
Cold

months (%)
Warm

months (%) G-test

Acorn Wild 34.92 5.28 27.78**
Pear Wild 15.93 3.02 10.57**
Pine nut Wild 30.85 0.00 NA
Sunflower Cultivated 0.00 37.36 NA
Lucerne Cultivated 1.36 6.42 3.70**
Cereals Cultivated 0.00 17.36 NA
Watermelon Cultivated 0.00 10.19 NA
Fig Cultivated 1.36 8.30 5.79**
Other Wild/cultivated 15.59 12.08 0.45

**Highly significant P-values (< 0.01); NA, not applicable (i.e.,
number of records = 0 in one period).

Figure 2. Volume of each food category versus its relative frequency of occurrence in the diet of the crested porcupine. A, underground
storage organs and barks of wild plants; B, stems and leaves of wild plants; C, wild fruits; D, agricultural products (cf. Table I).
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storage organs (i.e. Cyclamen spp., Rumex spp. and
Ruscus aculeatus L., 1753) made up the staple of the
diet of the crested porcupine throughout the year.
Wild fruits were observed in the diet during cold
months and were substituted with agricultural pro-
ducts (oats, figs, watermelons, sunflowers and
apples) in warm ones. Alkon and Saltz (1985)
defined as “crop foragers” Indian crested porcupines
feeding mainly on cultivated species, whereas those
feeding mainly on wild food resources were called
“natural foragers”. Usually, crop foragers have small
home ranges and are more specialised in terms of
feeding ecology, with den setts close to cultivated
fields, whereas natural foragers show large home
ranges and are generalist feeders (Sever &
Mendelssohn 1991; Lovari et al. 2013). Habitat
productivity and home range size are inversely pro-
portional for porcupines (Sever & Mendelssohn
1991; Lovari et al. 2013). In deciduous woodlands,
fruits and epigeal parts of plants were largely con-
sumed throughout the year (Bruno & Riccardi
1995). In arid/semiarid environments (e.g. our
study site), wild fruits are not available throughout
the year and porcupines have to travel long dis-
tances (up to 3.5 km from the dens) to search for
food (Alkon & Saltz 1985; Sever & Mendelssohn
1991; Lovari et al. 2013; Mori et al. 2014a). In our
study area, the diet of porcupines seems to be deter-
mined by fruit phenology. In other words, porcu-
pines behaved as generalist, natural foragers,
choosing food items according to their seasonal
availability. Furthermore, although digging geo-
phytes may require a relevant amount of energy
and expose porcupines to predators, underground
storage organs of geophytes and hemicryptophytes
represent the only food category consumed that is
available throughout the year (Sever &
Mendelssohn 1991). Underground storage organs
and agricultural products free porcupines from the
need to drink water, an important adaptation in a
semiarid environment (Alkon & Saltz 1985). This
feeding habit provides porcupine with an adaptive
advantage where predation risk is the lowest, e.g. in
Italy (Mori et al. 2014b). Seasonal changes in ran-
ging movements (showed by Mori et al. 2014a) are
due to a sensitive response in forage availability;
“natural” forage, i.e. roots and wild fruits, mostly
feed porcupines between October and March.
During the warm months, when fruit production
in Mediterranean macchia reaches its yearly mini-
mum (Lucherini & Lovari 1996; Massei et al. 1997;
Lovari et al. 2013), crested porcupines range
towards other areas, i.e. farmlands (Mori et al.
2014a), determining an increase in the usage of
agricultural products.
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