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Abstract

The red fox (Vulpes vulpes) is a widely distributed and highly adaptive small carnivore
known by its generalist diet, which includes small mammals, invertebrates, and fruits.
Despite its ecological relevance, how habitat heterogeneity affects its diet across the Mediter-
ranean, a biodiversity hotspot shaped by long-term human disturbance, remains insuffi-
ciently synthesized. In this review, we synthesized and analyzed published studies that
reported habitat-specific data on the red fox diet in the Mediterranean. Only 12 studies met
the selection criteria, and no study directly compared two different habitats. The studied
areas covered three dominant habitats: forests, scrublands (garrigue), and agroecosystems,
and diet items were grouped in 7 categories: birds, carcasses, fruits, invertebrates, lago-
morphs, small mammals, and reptiles. Overall diet composition varied significantly, with
invertebrates and fruits being the most frequent diet items. In turn, lagomorphs and reptiles
were the least frequent. In turn, diet composition varied little across habitats, indicating
that diet variation follows specific local resource abundance regardless of habitat type.
Despite the analytical limitations associated with the limited availability of habitat-explicit
studies. The results highlight the pronounced dietary plasticity of the red fox and its
capacity to integrate resource availability across heterogeneous Mediterranean landscape
mosaics. This trophic adaptability and top predator role support various ecosystem func-
tions such as controlling invertebrate and small mammal populations, dispersing seeds,
and cycling nutrients, reinforcing the potential of the red fox as functional bioindicator
in the Mediterranean. Therefore, sustainable land management, especially in agricultural
areas, and restoration efforts for degraded areas should consider the beneficial roles of
generalist carnivores like the red fox.
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1. Introduction
The red fox (Vulpes vulpes) is the most adaptable carnivore in the Mediterranean,

thriving across forests, scrublands, and agricultural mosaics [1]. Mediterranean landscapes
are long-standing socio-ecological systems formed by the interplay between climate and
centuries of human land use. These processes have created diverse mosaics of natural
and semi-natural habitats, characterized by high spatial fragmentation, seasonal resource
fluctuations, and recurrent disturbances, including fires, overgrazing, rural abandonment,
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climate variability, and uncontrolled recreation. These factors influence wildlife ecological
processes. In such environments, habitat types are rarely discrete units but rather form
continuous ecological gradients within complex landscape mosaics, where one or more
habitat components may be dominant. Within these heterogeneous landscapes, the home
range size of the red fox typically ranges from approximately 86 to 485 hectares when
estimated using the minimum convex polygon, while 95% harmonic mean estimates range
between 62 and 461 hectares [2]. Foxes are predominantly nocturnal and crepuscular,
although a non-negligible level of diurnal activity may occur, and no significant sex-related
differences in home range size have been reported [2]. This high mobility implies that
trophic information derived from red foxes does not represent fine-scale habitat use but
rather integrates resource availability across dominant landscape components, providing a
landscape-level signal of ecological conditions.

In regions such as Sicily, landscapes shaped by centuries of agro-pastoral activity
are now facing increasing biodiversity loss; bird population trends, for example, reveal
a decline in the ecological integrity of agricultural and agroforestry systems where land
abandonment and recurrent disturbances are ongoing [3,4]. In these human-modified
environments, landscape heterogeneity and disturbance regimes strongly influence the
availability and accessibility of food resources for wildlife.

As a generalist and opportunistic feeder, the red fox adapts its diet to local food
availability, vegetation structure, and species interactions [5]. This dietary plasticity makes
the species an ideal model for understanding how habitat conditions and ecological dis-
turbances influence foraging strategies [6]. Although recent reviews have assembled
information on red fox feeding ecology [7,8], most of the studies analysed employ linear
transect methodologies pooling data across different habitats, limiting the ability to disen-
tangle trophic patterns associated with specific ecological contexts. This gap highlights the
need for integrative analyses to clarify how disturbance regimes, resource availability, and
vegetation structure shape feeding strategies in Mediterranean landscapes.

Changes in land use, fire events, and seasonal dynamics are also known to influence di-
etary patterns [9]. This review therefore examines the available literature to assess whether
variation in the red fox diet is associated with complex landscape contexts characterised
by dominant habitat components (e.g., forests, agroecosystems, scrublands), rather than
assuming strict habitat-specific resource use. By synthesising habitat-explicit studies, we
aim to evaluate how trophic patterns reflect ecological conditions at the landscape scale
and to discuss how the dietary ecology of the red fox can inform biodiversity conservation
and landscape management in Mediterranean environments.

2. Materials and Methods
This article is based on a review of published studies that reported quantitative data

on the feeding ecology of red fox in Mediterranean ecosystems. Peer-reviewed articles
were retrieved from Scopus and Google Scholar using the query: “Vulpes vulpes” or “red
fox” or “fox” and “diet” or “feed” and “Mediterranean” or “Mediterranean area” or
“Mediterranean ecosystem”.

The selection criterion was that dietary data had to derive from studies where the
sampling procedure distinguished diet across different habitat types, allowing us to analyse
the relationship between habitat and specific diet composition. Although research on the
diet of the red fox is relatively common, most studies use linear transect methodologies
that encompass multiple habitat types, thereby providing general patterns rather than
habitat-specific insights. Therefore, studies that pooled data across multiple habitats within
a single transect, and thus did not permit a clear habitat–diet comparison, were excluded.

https://doi.org/10.3390/d18020062

https://doi.org/10.3390/d18020062


Diversity 2026, 18, 62 3 of 10

From an initial screening of 43 papers, just 12 provided specific quantitative informa-
tion on trophic composition across at least one Mediterranean habitat type (e.g., agroecosys-
tems, forest mosaics, or Mediterranean scrub/garrigue) [Table 1].

Table 1. Summary table of articles selected in the review.

Habitat Country Study Area Reference

Forest Italy Siena [10]
Forest Italy Arezzo [11]

Agroecosystem Italy Pisa [12]
Agroecosystem Tunisia Island of Djerba [13]

Forest Italy Siena [14]
Forest Spain Sierra Nevada [15]
Forest Italy Abruzzo [16]
Forest Portugal Geres [17]
Forest Italy Palermo [18]

Garrigue Italy Trapani [19]
Agroecosystem Italy Mt. Etna [20]
Agroecosystem Italy Palermo [21]

In the reviewed studies, dietary data were mainly obtained by collecting and analysing
faecal samples along linear transects, a widely used non-invasive method for assessing
trophic composition.

All studies were weighted equally, regardless of sample size, and for each we extracted
the reported frequencies of occurrence for the main food categories: fruit, invertebrates,
small mammals, lagomorphs, birds, carcasses, reptiles/amphibians. In some cases, these
analyses were complemented by stomach content examinations, which provided additional
validation of the identified food categories.

Descriptive statistics were used to examine the diet composition at each site. The mean
frequency of occurrence (FO%) was calculated for each trophic category, and standard error
(±SE) was used to represent variability. We also calculated the Shannon diversity index for
each study area, using the FO% of each trophic category.

To test for differences in FO% among trophic categories across all sites and within
habitat contexts, we used a non-parametric Kruskal–Wallis test. When significant dif-
ferences were detected, we used the post hoc Dunn test to check for between category
differences. For the Shannon index, which was normally distributed (Shapiro–Wilk
p = 0.25), we performed a t-test comparing forests and agroecosystems, excluding the
garrigue because there was only one site. All analyses and figures were produced in R
(v4.5.2) using the packages dplyr, tidyr, vegan and ggplot2.

3. Results
The 12 studies that matched our criteria (Table 2) were conducted across three main

Mediterranean habitat types—forests, agroecosystems, and garrigue—and were geographi-
cally concentrated mainly in Italy, with additional contributions from Spain, Portugal, and
Tunisia (Figure 1). The red fox diet is highly heterogeneous, with the seven trophic groups
represented in most studies. Invertebrates and fruits were the most frequent items overall
and across habitats, whereas reptiles and lagomorphs were less frequent (Table 2).
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Table 2. Mean (±SE) frequency of occurrence (%) and Shannon diversity index of trophic categories
in the red fox diet overall and by habitat context. Data derived from published studies conducted in
Mediterranean environments (n = 12 studies).

Trophic Category Overall Forest Agroecosystem Garrigues

Invertebrates 61.8 ± 29.3 62.1 ± 32.6 59.0 ± 26.3 74.7 ± 34.9
Fruits 56.0 ± 23.7 56.7 ± 26.2 57.9 ± 6.9 50.2 ± 42.6

Small mammals 45.1 ± 33.1 56.6 ± 34.2 36.9 ± 32.1 16.7 ± 13.8
Birds 27.0 ± 28.3 24.9 ± 30.8 33.9 ± 35.2 38.6 ± 27.3

Carcasses 19.0 ± 18.1 32.3 ± 31.6 18.1 ± 17.4 —
Lagomorphs 16.3 ± 11.0 17.7 ± 11.4 19.4 ± 0.0 13.3 ± 13.8

Reptiles 10.4 ± 25.3 19.4 ± 30.7 0.7 ± 0.0 —

Shannon index 1.26 ± 0.10 1.22 ± 0.13 1.34 ± 0.17 1.19

Figure 1. Geographic distribution of the study areas included in the review.

Significant differences among trophic categories were detected when considering all
studies combined (Kruskal–Wallis χ2 = 35.75, p < 0.001), and the post hoc Dunn test indi-
cated significant differences among trophic categories (Figure 2). When analyses were con-
ducted separately by habitat context, significant differences among trophic categories were
detected within forest habitats (χ2 = 17.62, p = 0.007). Post hoc comparisons showed that
invertebrates and fruits differed significantly from lagomorphs and reptiles/amphibians
(Figure 2). No significant differences among trophic categories were detected within agroe-
cosystems or garrigue habitats, and no trophic category FO differed between forest and
agroecosystems (p > 0.05).
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Figure 2. Mean frequency of occurrence (FO%) of trophic categories in the diet of the red fox across
three Mediterranean habitat contexts: forests, agroecosystems, and garrigue. Same letters indicate no
significant differences (p > 0.05) across trophic items after post-hoc test. N.S. = non-significant.

The average Shannon diversity index for trophic items was 1.26 (±0.10), ranging from
0.69 (Siena–Forest) to 1.56 (Pisa–Agriculture). However, no significant differences were
found between forest and agricultural habitats (t-test = −0.53, p = 0.61).

4. Discussion
Numerous studies have examined the diet of the red fox in Mediterranean regions of

Europe. Overall, variation in dietary preferences among red foxes in the Mediterranean
reflects both ecological factors and the influence of human activity, which shapes their
foraging behaviour and food availability (Figure 3). However, our review emphasizes that
most studies did not clearly separate the diet data by specific habitats, which constrains
the ability to discern trophic variation linked to specific ecological conditions [22]. A main
challenge is that in Mediterranean habitat patches, especially forests, areas are often not
sufficiently large to permit clear differentiation, especially considering the relatively exten-
sive daily movements and the sizable home range of the species. However, is still possible
to perform such comparisons in some regions, for example, comparing the larger forest
patches remaining inside protected areas with the agricultural matrix in the surroundings.
The analyses presented herein reveal a persistent research gap: despite the red fox being
one of the most extensively studied carnivores, comparable, habitat-specific dietary data
remain limited in the Mediterranean region, particularly within agroecosystems.
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Figure 3. Some images of a red fox hunting in open habitat (a) (Photo Andrea La Mantia), fox hunting
a mouse (b) (Photo Andrea La Mantia), fox concealed in cereal stubble (c) (Photo Andrea La Mantia),
foxes behavioural plasticity in anthropic environments (d) (Photo G. Leto), typical Mediterranean
garrigue of northern Sicily (e) (Photo Tommaso La Mantia), red fox faeces containing seeds in an
agricultural areas (f) (Photo Rafael da Silveira Bueno).

In agroecosystems, the studies reviewed show that diets are mainly composed of fruit
and small mammals. Birds are a moderate part of the diet, with carcasses, lagomorphs,
and reptiles appearing only occasionally. In forest-heavy landscapes, all trophic categories
are evenly represented, with no major differences between fruits, invertebrates, and small
mammals. However, lagomorphs and reptiles are less common. These trends suggest
that forests offer a wider variety of exploitable food sources than simpler landscapes. In
contrast, the Mediterranean garrigue system shows a clear trophic shift, with invertebrates
representing the primary food item, followed by fruits and small mammals. This pattern is
associated with the ecological conditions frequently characterizing garrigue landscapes,
including open vegetation structure and high prey accessibility, which strongly influence
resource availability [23,24]. Although trophic items in agroecosystems had a higher
Shannon index, there were no significant differences when compared to forests. Collectively,
these findings imply that the red fox’s diet is mainly influenced by habitat conditions like
vegetation structure, prey accessibility, and disturbance levels, rather than strict habitat
categories. Its foraging behavior is closely tied to local resource availability and seasonal
changes, with fruit and invertebrates more available in warmer months, and vertebrate prey
taken opportunistically [25,26]. In agricultural areas, the high intake of invertebrates, fruit,
and small mammals indicates that traditional land management—such as diversified crops,
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hedgerows, and orchards—helps sustain food resources and ecological connectivity for
generalist carnivores, also supporting services like seed dispersal and rodent control [27–29].
However, this also raises conservation concerns, as the use of insecticides and fungicides
may negatively impact red fox populations, similar to effects observed in bird species.

A review synthesizing data on the biogeographical patterns of the red fox diet in
the Iberian Peninsula [30] analysed studies that reported differences across three habi-
tats: forests, scrublands, and agricultural/dehesas. They observed that the frequency of
occurrence varied significantly only for two groups: lagomorphs and small mammals.
Lagomorphs were more common in scrub habitats, while small mammals appeared more
often in forests. Our review, which includes the studies from their review that meet our
criteria but also incorporates additional studies not considered before, partially supports
these findings. Specifically, we observed a higher presence of small mammals in forest
habitats, though no clear differences emerged for lagomorphs.

In degraded landscapes such as garrigue or recently abandoned agricultural areas,
trophic data from red fox diets may provide useful insights for adaptive management
strategies. This aligns with Action 10 of the Italian National Forestry Strategy [31], which
emphasises the importance of integrated monitoring of wildlife–forest interactions. Support
for this interpretation is provided by the most recent and comprehensive global review of
red fox diet [7], which demonstrates that diet composition varies along geographical and
climatic gradients (latitude, altitude, temperature, and precipitation) as well as with the
degree of anthropization, measured through indices such as the Human Footprint Index.
For instance, in more disturbed areas (e.g., cities, agroecosystems), the consumption of birds
and fruit increases, linked to the availability of synanthropic, cultivated, or ornamental
species. In turn, in less anthropized areas (e.g., forest and mountain environments), the
consumption of medium and large mammals prevails, often in the form of carcasses
(wild or domestic). Importantly, however, this review does not treat habitats as discrete
typological units but rather emphasizes the role of environmental gradients in shaping
dietary responses, a conclusion consistent with the landscape-scale interpretation adopted
in the present review.

Studies confirm that fox predation on species of hunting interest, such as rabbits, is low.
Unfortunately, in the past, foxes were the target of targeted eradication campaigns, often
carried out with poison, which had cascading effects on other species, for example, leading
to the extinction of griffon vultures (Gyps fulvus) in Sicily [32]. Even today, poisons are still
being used illegally, leading to the death of the Egyptian vulture (Neophron percnopterus), a
small vulture on the verge of extinction in Italy. Awareness and information campaigns
are needed, as the fox, due to its feeding habits, is actually a species of great benefit to
farmers. Moreover, the widespread inclusion of fruits in the red fox diet underscores their
important role in seed dispersal and plant regeneration [28,29]. Recent network analyses
demonstrate how red foxes help spread seeds across diverse landscapes, improving the
effectiveness of seed dispersal [26]. Finally, while not directly addressed by the studies
reviewed here, the ecological role of the red fox in urban and peri-urban environments
warrants further investigation. In these contexts, foxes may help restore lost ecological
interactions by preying on small mammals, such as rats, and by rewiring seed dispersal
networks, following patterns already documented for other species recolonizing urban
landscapes [25].

5. Conclusions
The red fox shows marked dietary plasticity in Mediterranean environments, with

foraging behaviour shaped more by local ecological conditions than by broad habitat cate-
gories. This trophic flexibility reflects the species’ ability to exploit heterogeneous landscape
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mosaics and to integrate resource availability across dominant habitat components, rather
than relying on strictly habitat-specific food sources (Figure 3). This adaptive foraging strat-
egy contributes to several key ecosystem functions, including the regulation of invertebrate
and small mammal populations, seed dispersal, and nutrient cycling. These roles support
its potential as a functional bioindicator for biodiversity monitoring and land-use planning
in Mediterranean socio-ecological systems [7,30].

Our results are intended to stimulate further research to clarify fine-scale trophic
shifts in relation to ecological conditions, while also providing insights for the sustainable
management of Mediterranean ecosystems. The practical value of these findings lies in their
alignment with the EU Biodiversity Strategy for 2030 and the proposed Nature Restoration
Law. As the red fox also acts as an effective seed dispersal vector [26], as well as insects
and small mammal predators [7], understanding what it eats and, particularly, where
specifically it feeds provides an opportunity to identify how this species can function
as a natural agent of restoration. By integrating fox-mediated dispersal into restoration
strategies, managers can promote vegetation recovery, enhance ecological connectivity, and
support long-term resilience in degraded Mediterranean landscapes in line with the new
European legislative framework.

Future studies should therefore:

- expand habitat-explicit dietary studies across underrepresented Mediterranean re-
gions to address current geographical gaps;

- quantify the effectiveness of seed dispersal by red foxes through integrated approaches
combining faecal analysis, genetic identification of dispersed seeds, and monitoring
of seedling recruitment;

- link trophic networks with restoration objectives by evaluating how fox-mediated seed
dispersal and predation on seed predators and small herbivores influence vegetation
recovery in forest habitats and agroecosystem mosaics;

- assess how management interventions—such as silvicultural practices, ecological
corridor creation, hedgerow planting, and agroforestry systems—interact with distur-
bance regimes to enhance the reciprocal benefits of red fox conservation and ecosystem
functioning across Mediterranean landscapes.
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