
Citation: Juškaitis, R. Dormice

(Gliridae) in the Diets of Predators in

Europe: A Review Broadening

Understanding of Dormouse Ecology.

Diversity 2023, 15, 52. https://

doi.org/10.3390/d15010052

Academic Editor: Michel Baguette

Received: 23 November 2022

Revised: 19 December 2022

Accepted: 27 December 2022

Published: 2 January 2023

Copyright: © 2023 by the author.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

diversity

Review

Dormice (Gliridae) in the Diets of Predators in Europe: A Review
Broadening Understanding of Dormouse Ecology
Rimvydas Juškaitis

Nature Research Centre, Akademijos 2, LT-08412 Vilnius, Lithuania; rimvydas.juskaitis@gamtc.lt

Abstract: This study aimed to evaluate the significance of dormice in the diets of predators in Europe
and, as a result, expand the knowledge about dormouse ecology. A total of 535 sources containing
information on dormice in the diets of predators were analysed. Countries of Southern and Central
Europe stand out with the largest numbers of target sources. Dormice were recorded in the diets of
54 predator species: 23 mammals, 11 owls, 16 diurnal birds and 4 reptiles. Owls hunting in forests,
particularly the tawny owl Strix aluco, are the main dormouse predators. The role of dormice in the
diets of predators depends on dormouse abundance, and the highest proportion was recorded in the
Mediterranean region, where edible dormice Glis glis are abundant. In particular periods, dormice
may be an alternative prey for owls and some other predators. Dormice were seldom recorded in the
winter diets of predators, especially in mammals, contrary to what was previously thought. Records
of dormice in the winter diets of owls confirm that dormice leave their hibernacula during arousals
in the thaw periods. The presence of dormice in the diets of diurnal birds suggests that nocturnal
dormice may also be active in the daytime.

Keywords: birds of prey; diet of predators; dormice; Gliridae; mammalian predators; owls; reptiles

1. Introduction

Dormice belong to one of the oldest families of living rodents, represented by 29 species
distributed in Europe, Asia and Africa [1]. Dormice are known for their ability to hibernate
or go into torpor when environmental conditions are unfavourable. In the northern parts of
their range, dormouse hibernation may last up to eight months. Dormice are characterised by
longevity in comparison with other rodents of similar size and low reproduction rates [1–3].

Five dormouse species live in Europe: the hazel dormouse Muscardinus avellanarius,
the edible dormouse Glis glis, the forest dormouse Dryomys nitedula, the garden dormouse
Eliomys quercinus and the mouse-tailed dormouse Myomimus roachi. Of these, two species
are listed in the IUCN Red List: the mouse-tailed dormouse as Vulnerable and the garden
dormouse as Near Threatened [4]. The dormouse abundance and protection status vary in
different parts of their ranges, and the same dormouse species are common and abundant
in some countries, but they are included in the national Red Lists of other countries [1,5,6].

The role of dormice in ecosystems and the economic significance for humans are
not unambiguous and depend on their abundance as well as their body size. Among all
dormice, the largest species—the edible dormouse—has the greatest impact on humans.
In regions where edible dormice are abundant (e.g., Italy, Caucasus and Moldova), they
can do some damage to the harvest of fruit trees (grapes, pears, hazels, walnuts, etc.) [1,3].
Edible dormice can also do some damage to trees by stripping the bark and the outer part
of the xylem from the trunks and branches of both broadleaves and conifers [7,8]. Edible
dormice as well as garden and forest dormice may easily penetrate houses and cause some
damage, mostly to stored food, wooden constructions or electrical installations, and disturb
the sleep regime of household owners during nocturnal activity [7,9,10].

In Mediterranean Europe (Italy, Slovenia and Croatia), as well as in Russia and Ukraine,
edible dormice were hunted for food, fur and medical utilization. Nowadays, traditional
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dormouse hunts are still popular in Slovenia and Croatia, but have become more of a social
activity than hunting for sustenance [3,5,11].

Almost all dormouse species are forest animals and prefer to dwell in tree holes or
their artificial substitutes—nest boxes. As cavity dwellers, dormice are known to be com-
petitors with small hole-nesting birds, having a significant influence on their reproductive
success [12–14]. Dormice also provide some other ecosystem functions, such as invertebrate
predation and the eating of tree seeds [15–19]. Some dormouse species have been identified
as reservoir hosts for the Lyme disease spirochete [1].

Dormice are listed among the prey items of many mammal and bird species, and their
remains found in the diets of predators are often used in dormouse distribution studies
(e.g., [20,21]). However, the significance of dormice as a food source for predators is unclear.
Usually, it is only indicated that dormice can be a supplemental food for some predatory
mammals and birds, but they are considered a minor food source [2,3,22,23]. However, in
some areas and in particular periods, dormice may be important and even alternative prey
for some predator species (e.g., [24–27]).

The impact of predators may be significant on rare dormouse species of conservation
concern whose populations are not abundant. It is speculated that the wild boar Sus scrofa
and the red fox Vulpes vulpes are important dormouse predators in winter, and they can
reduce hazel dormouse abundance [28,29]. Predation by owls and other predators may be
the main reason for the high summer mortality of hazel dormouse populations [6].

So far, predation on dormice in Italy has only been reviewed by Scaravelli and
Aloise [30], and few articles on dormice in the diet of owls in particular regions have
been published [31–33]. Lists of predators of edible, hazel and garden dormice are pre-
sented in publications by Kryštufek [5], Juškaitis [6] and Moreno [34], but some of them do
not cover the entire distribution range and need to be supplemented. To date, nobody has
tried to evaluate the role of dormice in the diets of different predator species across Europe,
and this topic remains largely unexplored.

The aim of the present study was to collect available information on dormice in the
diets of potential predators (mammals, birds and reptiles) in Europe in order to:

1. Review the geographic variation in predation on dormice in Europe;
2. Identify the most important dormouse predators and compile lists of predators of

separate dormouse species;
3. Examine cases in which dormice made up noteworthy proportions (>10%) in the diets

of predators;
4. Evaluate the occurrence of dormice in the winter diets of predators.

2. Materials and Methods

A search for published data on dormice in the diets of potential predators was per-
formed using the Google Scholar database. Google Scholar was used because it includes
information sources not only in English (as in the Clarivate Analytics Web of Science and
Scopus databases), but also in other languages, as well as publications in local journals and
the so-called “grey literature”.

The keywords used for the search in English were “common name of the potential
predator” or “Latin name of the potential predator” and “diet” or “foraging”. An analo-
gous search was carried out using equivalent keywords in German, French and Russian
languages because the majority of target publications in these languages did not contain
English summaries. Sources that matched these search criteria were screened using the
keywords “dormouse” or “dormice” (in the respective language) and the Latin names of
dormouse species living in the area where the study was carried out. Tables of the diet
compositions of predators were screened to see whether they contain dormouse species.
Secondly, the literature mentioned in these articles was screened to identify new references.
Primary sources were selected from review papers (e.g., [30,34–37]). Some old publications
not available on the internet were obtained as paper copies (e.g., [38–40]).
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Based on these searches, we obtained data from 530 sources, such as journal articles,
short communications, theses, dissertations, technical reports, book chapters and websites.
Furthermore, 5 personal communications from dormouse researchers on this topic were
obtained. A total of 535 sources containing information on dormice in the diets of predators
were collected and analysed.

Publications in local journals and the “grey literature” provided the most information
on the topic of this research, as they usually contained lists of prey items and quantitative
information on the compositions of predator diets. Research articles on different aspects of
predators’ diets published in journals included in the Web of Science or Scopus databases
seldom contained such information (sometimes in Appendices or Supplementary Materials)
because dormice were not usually specified but incorporated among small rodents.

Only “positive publications”, i.e., when the diet of the predator included at least one
dormouse specimen, were used for analysis. Publications in which the diets of predators
did not include dormice were not analysed because dormice could be absent in the diet of
a predator for two reasons that could not be identified: (1) the predator does not feed on
dormice although they are present in the study area, and (2) the predator cannot feed on
dormice because they are absent in the study area.

Information on dormice in the diets of predators presented in the sources analysed
was very different, from a simple mention of the fact of predation by a particular predator
on a specific dormouse species in the text to detailed tables of diet compositions containing
diet descriptors, such as the following:

1. The numbers of prey items recorded;
2. The frequency of occurrence—the percentage of food items found in the total sample;
3. The relative frequency of occurrence—the percentage of faeces, pellets or stomach

samples in which the particular food item was found;
4. The proportion of biomass consumed—the percentage of consumed biomass com-

posed of one type of food item.

Irrespective of the presence of quantitative characteristics, all sources were used
for the evaluation of geographic variation in predation on dormice, the compilation of
a list of predators of specific dormouse species and the estimation of the number of
sources on predation by a particular predator on specific dormouse species. For the
evaluation of the proportions of dormice in the diets of predators, only sources contain-
ing quantitative information—the frequency of occurrence or the percentage of biomass
consumed—were used.

In most of these studies, the total diets of predators, including invertebrates, was
studied, while in others, only vertebrates and, in some cases, only mammals were analysed.
This circumstance is indicated in the text when comparing the proportions of dormice in the
diets of predators. Cases in which the dormouse proportion in the predator diet exceeded
10% by frequency of occurrence or proportion of biomass consumed were considered
noteworthy proportions, and they are discussed in the respective sections of the paper. The
common and scientific names of animals described in this article are taken from the IUCN
Red List of Threatened Species [4].

3. Results and Discussion
3.1. Geographic Variation in Predation on Dormice in Europe

Countries of Southern and Central Europe—Italy, Germany, Spain, Poland, Czech
Republic, Slovakia, Hungary, Bulgaria and France—stand out with the largest numbers
of sources containing information on dormice in the diets of predators (Figure 1). Italy
is the obvious leader in the number of such sources despite the fact that a search for
information in the Italian language was not carried out. Our results show that the diets of
potential dormouse predators are well investigated in Italy. A review paper on predation on
dormice in Italy was published by Scaravelli and Aloise [30], and some data from previous
publications are presented here. There are many publications on the diets of predators in
local journals in Germany, but some of them are not available on the internet. Meanwhile,
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many recent local publications with English summaries on the diet composition of predators
in Poland are available online. For Spain, summarised information on predators of the
garden dormouse, comprising as many as 32 references, is presented in the account for this
species published by Moreno [34].
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The presence and proportion of dormice in the diets of predators vary considerably
among different countries in Europe. They depend on a series of objective and subjective
factors, such as the number of dormouse species, as well as their abundance in different
countries, the presence of experts, the level of research and the availability of relevant
publications on the internet. For example, the diets of owls and mammalian predators are
well investigated in Finland, but dormice have been absent in this country since the garden
dormouse went extinct [41]. The presence of experts investigating the diet of particular
predator groups (e.g., the diets of owls in Slovakia and Poland and the diets of mammalian
carnivores in Hungary) also has a big influence on the number of publications on this
topic. Judging by Figure 1, Austria and the countries of the former Yugoslavia appear to
be understudied in this respect. According to our experience, many old publications in
the Russian language from the countries of the former Soviet Union containing relevant
information are not available on the internet.

3.2. The Main Dormouse Predators in Europe

In Europe, dormice were recorded in the diets of 54 predator species: 23 mammals,
11 owls, 16 diurnal birds and 4 reptiles (Table 1). The number of predators of specific
dormouse species is different and depends on the extent of the dormouse distribution range
and some subjective factors, such as the level of research on predator diets in particular
countries and the availability of this information on the internet.
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Table 1. Predators of European dormouse species and number of sources containing information
about dormouse species recorded in the diets of particular predators.

Predator Species
Dormouse Species

Muscardinus
avellanarius Glis glis Dryomys

nitedula
Eliomys

quercinus
Myomimus

roachi

Mammals
Brown rat Rattus norvegicus 1
House rat Rattus rattus 1
Brown bear Ursus arctos 2
Golden jackal Canis aureus 5 2 1
Grey wolf Canis lupus 3 2 2
Domestic dog Canis familiaris 1
Red fox Vulpes vulpes 15 14 1 6
Eurasian otter Lutra lutra 2
Beech marten Martes foina 7 15 6
Pine marten Martes martes 7 14 1 10
Eurasian badger Meles meles 2 3 1 2
Stoat Mustela erminea 1 1
Least weasel Mustela nivalis 5 3
Western polecat Mustela putorius 1 1
American mink Neovison vison 2
Common genet Genetta genetta 1 7
Egyptian mongoose Herpestes
ichneumon 3

European wildcat Felis silvestris 8 13 3 6
Domestic cat Felis catus 8 1 3
Eurasian lynx Lynx lynx 4 1
Iberian lynx Lynx pardinus 2
Northern racoon Procyon lotor 2 1
Wild boar Sus scrofa 1 3

Owls
Common barn owl Tyto alba 71 26 5 26 5
Eurasian scops owl Otus scops 2 2
Eurasian eagle owl Bubo bubo 16 44 18 28
Tawny owl Strix aluco 102 66 27 22
Ural owl Strix uralensis 7 9 4
Great grey owl Strix nebulosa 1
Eurasian pygmy owl Glaucidium
passerinum 9

Little owl Athene noctua 3 1 2 1
Boreal owl Aegolius funereus 58 3 10 16
Northern long-eared owl Asio otus 47 12 3 5
Short-eared owl Asio flammeus 1

Diurnal birds
Lesser spotted eagle Clanga pomarina 1 1 1
Spanish imperial eagle Aquila adalberti 1
Eastern imperial eagle Aquila heliaca 2 2
Golden eagle Aquila chrysaetos 1 4 1
Bonelli’s eagle Aquila fasciata 2
Eurasian sparrowhawk Accipiter nisus 1 1 2
Northern goshawk Accipiter gentilis 2
Red kite Milvus milvus 2
Black kite Milvus migrans 2
Eurasian buzzard Buteo buteo 2 1 1 1
Lanner falcon Falco biarmicus 2 1
Saker falcon Falco cherrug 1
Eurasian jay Garrulus glandarius 1
Eurasian magpie Pica pica 1
Common raven Corvus corax 2 1 1 1
Common pheasant Phasianus colchicus 1
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Table 1. Cont.

Predator Species
Dormouse Species

Muscardinus
avellanarius Glis glis Dryomys

nitedula
Eliomys

quercinus
Myomimus

roachi

Reptiles
Four-lined snake Elaphe quatuorlineata 2
Aesculapian ratsnake Zamenis
longissimus 1 6

Adder Vipera berus 1 1
Asp viper Vipera aspis 4 1

Total number of predator species 37 34 16 31 2

Total number of sources 404 263 80 165 5

The hazel dormouse was recorded in the diets of the highest number of predator
species (n = 37). The numbers of predator species of the edible dormouse (n = 34) and the
garden dormouse (n = 31) are a little lower (Table 1). Although the forest dormouse has
a very wide distribution range, the number of known predators is comparatively small
(n = 16). The forest dormouse is absent or rare in countries of Southern and Western Europe,
where the diets of predators are relatively well studied, and old publications in the Russian
language possibly containing such information are not available on the internet.

Owls are the main dormouse predators, particularly the tawny owl Strix aluco, the com-
mon barn owl Tyto alba, the Eurasian eagle owl Bubo bubo, the boreal owl Aegolius funereus
and the Northern long-eared owl Asio otus (Table 1). However, the number of dormouse
individuals caught and their proportions in diet compositions vary in different owl species.
Owl species hunting in forests, primarily the tawny owl, are the main dormouse preda-
tors according to the number of dormouse individuals caught [31,32,42]. In Slovakia,
dormice were found in the diets of seven owl species, and 84.84% of all dormice (four
species) were caught by tawny owls [32]. The tawny owl is a generalist species and very
adaptable to different food sources and environmental conditions. Thus, in its diet, many
species of different sizes, ecologies and taxonomies can be found, including different
dormouse species [37,43,44].

The boreal owl is another owl species that usually hunts in forests [43] and often
catches hazel dormice, which can make up a significant portion of its diet. The barn owl
hunts mainly in open areas, but it can catch some dormice on the edges of forests and
other dormouse habitats [32]. Although there are many sources containing information
on dormice in the diet of this owl species (Table 1), the number of dormouse individuals
caught is low, usually less than 1% (up to 3.5%) among all prey items. Glue [45] did not
find any dormice in the diet of the barn owl in England and Wales among 47 865 prey
items recorded, although hazel dormice occur in this region [46]. In the diet of the eagle
owl, larger dormouse species, such as edible and garden dormice, may be important prey
items in some areas of Southern Europe (see Table 2), but not in the northern part of the
range (e.g., [47]). There are many sources on hazel dormice in the diet of the long-eared owl
(Table 1), but the number of dormice caught is low, as in the case of the barn owl, usually
less than 1% among all prey items.

Dormice were recorded among prey items of as many as 18 species of diurnal birds
(Table 1), but their proportions were usually very low (0.01–1.7%), except for 3 cases
(6.3–11.7%) among 42 sources. The highest number and proportion of the edible dormouse
were recorded in the diet of the golden eagle Aquila chrysaetos (see Table 2). Dormice
were preyed upon not only by diurnal birds of prey but also by some corvids, such as the
common raven Corvus corax and some other species (Table 1). The presence of dormice in
the diets of diurnal birds confirms that dormice, which are considered to be predominantly
nocturnal animals [1–3], may also be active and leave their shelters in the daytime.
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Among mammals, the red fox, the pine marten Martes martes, the beech marten
Martes foina and the European wildcat Felis silvestris are the most frequent dormouse
predators (Table 1). However, the proportion of dormice found among the prey items of
these mammalian predators is not high, seldom exceeding 10% (see Table 2).

Solitary dormouse individuals were recorded in the diets of four reptile species, most
often in the diet of the Aesculapian ratsnake Zamenis longissimus and the adder Vipera berus
(Table 1). In studies on the diets of reptiles, up to four individuals of dormice were found,
and they formed up to 6.2% of all prey items recorded [48].

3.3. Noteworthy Proportions of Dormice in Diets of Predators

According to the present study, the proportion of dormice in the diets of different
predators is usually rather low, but it varies depending on dormouse abundance in specific
regions. In regions where dormice are abundant, such as the Alps, they may compose
more than 10% by frequency of occurrence and, in exceptional cases, even more than 50%
by biomass of predators’ diets (Table 2). In particular, edible dormice may be important
prey for predators because of their high body mass compared to other dormice [5]. In
autumn, when edible dormice accumulate fat reserves for hibernation, their body weight is
several times higher than that of voles and mice fed on by medium-sized predators, such
as the tawny owl, the Ural owl Strix uralensis or the pine marten. The highest proportions
of dormice in the diets of predators were recorded in regions where edible dormice are
abundant and some other dormouse species, primarily hazel dormice, live in sympatry
(Table 2). Such is the case in the countries of the Mediterranean region, especially Italy, as
well as Croatia and Slovenia, where the population density of the edible dormouse can
reach up to 15–80 ind./ha in autumn (review in [49]).

Table 2. Cases where proportion of dormice in the diets of predators reached 10% by number of
individuals captured or by biomass consumed. Scientific names of dormouse species are abbreviated:
G. g.—Glis glis; M. a.—Muscardinus avellanarius; D. n.—Dryomys nitedula; E. q.—Eliomys quercinus.

Predator
Species Dormouse Species

Proportion in the Diet
Country Region/Habitat/Season Referencesby No. of

Individuals, % by Biomass, %

Strix aluco G. g. 13.6 71.2 Italy Central Italy, beech forest [50]
Strix aluco G. g. + M. a. 22.9 56 Italy Italian Alps, 3 localities [51]

Strix aluco G. g. 44 81.2 Italy Italian Alps, coppice
woodland [24]

Strix aluco G. g. + M. a. 9.2 27.3 Italy Italian Alps,
broadleaved forest [24]

Strix aluco G. g. + M. a. + E. q. 20.9 43 Italy Italian Alps, mixed
high forest [24]

Strix aluco G. g. + M. a. 10.7 51.2 Italy Sicily, beech forest [52]
Strix aluco G. g. + M. a. 7.3 30.6 Slovenia 13 localities [53]
Strix aluco M. a. + G. g. 14.97 Belarus Brest region, forest [54]

Strix aluco M. a. + G. g. 10.7 Slovakia Kremnické vrchy
Mts, forest [55]

Strix aluco M. a. 10.24 Slovakia Wet cold mountains [37]
Strix aluco M. a. 14.25 Slovakia Chočské vrchy Mts. [37]
Strix aluco M. a. 16.24 Slovakia Muránska planina Mts. [37]
Strix aluco M. a. + G. g. 10.85 Slovakia Vel’ká Fatra Mts. [37]
Strix aluco M. a. + G. g. 11.04 Slovakia Voniaca valley [37]
Strix aluco M. a. + G. g. 17.84 Romania Apuseni Mts., 4 localities [37]
Strix aluco G. g. 11.8 Russia Caucasus [37]
Strix aluco G. g. + M. a. + D. n. 19.7 Slovenia Topla Reber [37]
Strix aluco G. g. + M. a. + D. n. 26.3 Montenegro Tara canyon [37]
Strix aluco G. g. + M. a. + E. q. 12.65 France Savoy Alps [37]
Strix aluco G. g. + M. a. + D. n. 10.8 Bulgaria Rocky habitats [56]
Strix aluco G. g. + M. a. 13.5–27.5 10–29.5 Serbia Three localities [57]

Strix aluco G. g. + D. n. 18.3 51 Greece
Axios-Loudias-

Aliakmonas National
Park

[58]

Strix aluco G. g. + M. a. 22.7 Italy Tuscany, beech forest [59]
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Table 2. Cont.

Predator
Species Dormouse Species

Proportion in the Diet
Country Region/Habitat/Season Referencesby No. of

Individuals, % by Biomass, %

Strix uralensis G. g. 58.8 93.9 Slovenia Post-breeding period [26]
Strix uralensis Gliridae 4.9 20.6 Slovenia Non-breeding period [60]

Bubo bubo G. g. 22.4 8.5 Italy Italian Alps, 3 localities [51]
Bubo bubo G. g. 22.8 Italy Italian Alps [61]
Bubo bubo Gliridae 28.5 Italy Italian Alps [62]
Bubo bubo G. g. + E. q. 15.6 France France Alps [63]
Bubo bubo G. g. + E. q. 4.5–14.8 1.1–5.7 France Alpes Maritimes [64]
Bubo bubo G. g. up to 37.7 Slovenia Coastal area [65]

Aegolius
funereus M. a. 16.3 Germany Siegerland, coppiced

oak wood [66]

Aegolius
funereus M. a. 0–14.6 Czech Republic Nine localities [67]

Aegolius
funereus M. a. 60.87 Czech Republic South Bohemia,

one nestbox [68]

Aegolius
funereus M. a. 17.5 Belarus Brest region [69]

Aegolius
funereus M. a. 11.4 10.4 Ukraine Polesia, 2 localities [70]

Aegolius
funereus M. a. 12.33 10.7 Serbia High-mountain

coniferous forests [27]

Aegolius
funereus M. a. + D. n. 12.03 Slovakia The whole country [37]

Aquila
chrysaetos G. g. + M. a. 11.7 Italy Italian Alps [71]

Aquila
chrysaetos G. g. 10.5 France Provence [72]

Felis silvestris G. g. + M. a. + E. q. 7.1 19.5 Italy Woodland/open areas [73]

Martes foina G. g. 31.43 40.26 Italy Val Grande National Park [74]

Martes foina G. g. + M. a. 17.1 Italy Wood
Querco-Carpinetum [75]

Martes foina G. g.+ M. a.+
Gliridae 12.8 9.8 Italy Tuscany region,

wood/rural [76]

Martes martes E. q. 10.3 9.5 Italy Sardinia [77]
Martes martes E. q. 18.3 15.2 Italy Minorca, in March–April [78]

Mustela
erminea E. q. 10.77 9.23 Italy Italian Alps [79]

Vulpes vulpes G. g. 9.9 Russia Caucasus [38]
Vulpes vulpes M. a. + G. g. up to 11.8 Germany Foothills of Bavarian Alps [80]

Lynx lynx G. g. 18 6.9 SloveniaCroatia Northern Dinaric Mts. [25]

The Italian Alps, where edible dormice are abundant and hazel dormice as well as
garden dormice occur, stand out with the highest dormouse proportion in the diets of
different predators, such as the tawny owl, eagle owl, beech marten and stoat. In addition,
in neighbouring Slovenia, edible dormice formed noteworthy proportions in the diets of
the tawny owl, Ural owl, eagle owl and Eurasian lynx Lynx lynx (Table 2). Studies carried
out in some regions of Italy (Italian Alps, Central Italy and Sicily) revealed especially high
proportions (51–81% by biomass) of dormice in the diet of the tawny owl (Table 2). When
the abundance of other rodents was decreased, edible dormice also dominated the diet of
the tawny owl in the Caucasus [38]. Locally, in the post-breeding period, edible dormice
may also form the bulk of the diets of other owl species, for example, 58.8% by the number
of prey items and even 93.9% by biomass in the diet of the Ural owl in Slovenia [26]. Where
edible dormice are abundant, they are important prey items for the eagle owl, which prefers
to hunt for larger prey [37,81]. In the Italian and French Alps, edible dormice were among
the dominant prey species and, together with garden dormice, made up 14.8–28.5% of prey
items in the diet of this owl species (Table 2).
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Hazel dormice are comparatively small rodents according to their body mass, but
they may be important prey for some owl species in regions where these dormice are
abundant. The diet of the tawny owl is well investigated in many countries, and the
proportion of the hazel dormouse in the diet of this owl species may reflect the dormouse
abundance in particular countries or regions. In many countries where both species are
sympatric, the hazel dormouse on average accounted for only 1–2% of all prey items
consumed by the tawny owl, e.g., in the Czech Republic [37], France [82], Hungary [83] and
Lithuania [84]. Meanwhile, in Slovakia, 3975 hazel dormice recorded in the diet of this owl
species accounted for 5.84% of all prey items, including invertebrates, and in some habitats
or localities, this proportion was even 8.8–16.2% [37,55]. According to this index, Slovakia
is expected to have one of the highest abundances of the hazel dormouse in the entire range.
A slightly lower abundance of the hazel dormouse could be found in Italy. According
to the summary of studies on the diet of the tawny owl in 14 localities of northern and
central Italy, the proportion of the hazel dormouse was 4.5%, including invertebrates [36].
A relatively high proportion of the hazel dormouse in the diet of the tawny owl (8.65%)
was recorded in Romania [37]. However, these data do not represent the entire country,
because the largest sample of this owl’s pellets was collected in the Apuseni Mountains.
In two localities of Serbia, the proportion of the hazel dormouse exceeded 10% among all
vertebrates caught by the tawny owl [57].

The boreal owl is another owl species that may have a considerable influence on the
hazel dormouse. According to Obuch [37], the hazel dormouse accounted for 11.5% of all
prey items of the boreal owl in Slovakia. The hazel dormouse made up 11.4–17.5% of prey
items of the boreal owl in some localities of Germany, the Czech Republic, Serbia, Belarus
and Ukraine (Table 2). Mráz [68] found as many as 14 hazel dormice among 23 small
mammals (i.e., 60.9%) in one nestbox of the boreal owl in southern Bohemia. In the present
study, we found that the proportion of the hazel dormouse did not exceed 5% in the diets
of the remaining owl species.

According to our study, dormice are usually only accidental prey in the diets of diurnal
birds of prey. However, in the diet of the golden eagle in the Italian Alps, 25 individuals of
the edible dormouse and four individuals of the hazel dormouse were found among food
remains collected in eagle nests, and they formed 11.7% of total prey items [71]. In Provance,
France, edible dormice made up 10.5% of prey items in the diet of the golden eagle [72].

Arboreal dormice seldom form more than 10% of prey items in the total diets of
mammalian predators. Italy stands out in this respect, where dormice exceeded this
proportion in the diets of small predators such as the European wild cat, beech marten,
pine marten and stoat Mustela erminea (Table 2). There is a noteworthy comparatively
high proportion of the garden dormouse in the diet of the pine marten and the stoat
in Italy [77–79]. Dormice were found in the diet of the red fox, but only in 2 out of
24 cases did their proportion reach 10% [38,80]. Dormice may be important prey for
mammalian predators in particular seasons. In north-western Italy, the edible dormouse
was an important food for the pine marten in autumn and winter [75], and the garden
dormouse was important in the diet of the pine marten in Minorca Island in spring [78].

In the northern Dinaric Mountains (Slovenia and Croatia), the Eurasian lynx also
frequently fed on edible dormice (18% frequency of occurrence and 7% of all consumed
biomass). Edible dormice appear to be an important alternative prey, especially for adult
females and juveniles. The remains of edible dormice were found in 50% of the stomachs
of adult females and in 27% of juveniles, but never in adult males. The edible dormouse
was used by lynx more frequently in years with higher availability [25].

In regions where dormice are rare, their role in the diets of predators is negligible.
However, in such areas, predators catching even single females before or during the breed-
ing season may have a significant influence on reproduction success in small dormouse
populations [85]. In the study by Verbeylen et al. [86], out of 19 successfully overwintered
radio-tagged hazel dormice, 6 individuals (31.6%) were caught by predators in spring after
hibernation. In Lithuania, four aluminium rings used to mark hazel dormice were found
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amongst food remains left by tawny owls in one nestbox in spring, and the dormouse
density decreased considerably in the area of the study site where owls had hunted [87].
Polish researchers estimated that tawny owls could remove from 604 to 1041 individu-
als of hazel dormice in the study area (60 km2) every year, i.e., 10.1–17.4 individuals per
km2 [88]. Predation by tawny owls and other predators may be the main reason for the high
spring and summer mortality of hazel dormouse populations [85,86,88]. As a consequence,
together with other unfavourable extrinsic and intrinsic factors, predators can cause a
decrease in dormouse abundance, which can even result in the extinction of small local
dormouse populations [46,89,90].

3.4. Dormice in Winter Diets of Predators

It was previously supposed that predation is an important factor in the high winter
mortality of dormice [28,46,91]. However, according to the sources analysed, dormice
were seldom recorded in the winter diets of predators: in 53 out of 535 sources containing
information on dormice in the diets of predators. In most cases, hazel and edible dormice
were found in the winter diets of three owl species and eight mammal species (Table 3).

Table 3. Predators in whose diet dormice were recorded in winter period and number of sources
containing such information.

Predator
Species

Number of Sources
Total Number

of SourcesMuscardinus
avellanarius Glis glis Dryomys

nitedula
Eliomys

quercinus Total Dormice

Owls
Tyto alba 9 1 10 100
Strix aluco 1 1 1 3 137
Asio otus 19 1 20 53

Mammals

Canis aureus 1 1 1 1 * 10
Vulpes vulpes 3 2 5 24
Martes foina 3 3 22
Martes martes 2 2 25
Martes sp. 1 1 2
Felis silvestris 1 1 17
Lynx lynx 1 1 6
Procyon lotor 1 1 2
Sus scrofa 1 1 2 3

Total 37 12 3 1 53 400

* All three dormouse species were indicated in the same source [92].

Among all European owl species, the long-eared owl accounted for the highest number
of cases in which dormice were recorded in its winter diet (20 out of 53 sources): hazel
dormice in 19 cases and forest dormice in 1 case. Dormice were also recorded in the winter
diet of the barn owl (10 out of 100 sources). In contrast, out of 137 sources containing
records on dormice in the diet of the tawny owl, only in three cases were dormice found
in their winter diet. In central Poland, even in four unusually warm years, hazel dormice
were recorded in the diet of the tawny owl only in the warm season, but not in the
cold season [93].

A possible explanation for these differences among owl species is that there are many
studies on the winter diet of the long-eared owl as well as the barn owl, but not the tawny
owl. During the winter, long-eared owls are found in large flocks that roost in permanent
places, where their pellets accumulate, and it is easy to collect them. Similarly, the barn owl
is a relatively easy species to study because it uses the same day-roost for a long time and
regularly casts one of its two nightly pellets at this roost. In contrast, tawny owls cast all of
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their pellets before going to roost. Therefore, their pellet stations are scattered about, often
in deep cover, and change irregularly and frequently [37,43,94].

Most records of dormice in the winter diets of owls are from countries of Southern and
Central Europe (mostly Italy, less so Slovakia, Bulgaria, Moldova, Poland and Switzerland).
Radio-tracking studies of the hazel dormouse carried out in Switzerland, Belgium and
Great Britain showed that in winter, during arousals from hibernation, dormice may change
their hibernacula [86,95,96]. Thus, dormice could be caught by owls when they moved from
one hibernaculum to another during the thaw periods. In Slovakia, pellets of long-eared
owls were collected in five-day intervals in winter, and the remains of hazel dormice were
recorded during short warmer periods [97,98]. Vogel and Frey [95] did not exclude the
possibility that disturbance during the study period led to successive changes in hibernation
nests in spite of precautions taken. However, records of dormice in the winter diets of owls
confirm that dormice can leave their hibernacula during arousals in thaw periods because
owls can catch them only outside their hibernacula.

Among mammalian predators, dormice were most often recorded in the winter diets of
the red fox, pine marten and beech marten, but also in five other mammal species (Table 3).
If owls can catch only those dormice that are active in winter, mammals can also find
hibernating dormice whose hibernacula are situated on the ground surface or underground.
During hibernation, dormice reduce their respiration and metabolism, which helps the
animals to remain largely odourless and makes them difficult to detect for predators [99].
That explains the low predation rate by mammals that can find hibernating dormice just
by chance. Edible dormice use underground hibernation, not primarily to avoid cold
environments and the scarcity of food, but to avoid predation by remaining in hibernacula
whenever possible [99].

Edible dormice hibernating in caves were preyed upon by lynxes and beech martens
in Slovenia and Croatia [25,100]. The remains of edible dormice were found in several scats
and the stomachs of lynxes collected during midwinter. Lynxes most likely catch dormice
in rock crevices and caves, which are abundant and regularly used by dormice during
hibernation [25]. Signs of beech martens were also found deep inside the caves. Dormouse
remains in winter scats of beech martens suggest predation upon cave-hibernating edible
dormice [100]. The snow tracking of lynxes and beech martens showed that lynxes fre-
quently inspect caves [25], and beech martens can stay in such caves for several days [100].

Radio-tracing studies indicate a high predation rate on hibernating hazel dormice. In
the study by Verbeylen et al. [86], 5 out of 18 radio-collared hazel dormice (27.7%) were
predated by mammalian predators during hibernation, but the species of the predators
were unknown. In the study by Vogel and Frey [95], two out of six free-ranging hazel
dormice (33%) marked with radioactive tags and studied during winter in their natural
habitat became victims of the red fox and an unknown predator. However, the human
influence on increased predation rates cannot be excluded in both studies.

The wild boar was indicated as a predator of hibernating dormice in some publica-
tions [28–30,91]. However, dormice were found exceptionally seldom in the diet of the wild
boar [30,101,102]. A list of species eaten by the wild boar in Western Europe, including
18 species of mammals, is presented in a review paper by Schley and Roper [103], but
dormice are absent in this list, and they are not mentioned at all in another review paper on
the diet of the wild boar [104]. Rozycka et al. [29] do not provide any evidence of wild boar
predation on dormice, but they found a significant negative correlation between wild boar
presence and hazel dormouse population indices. Predation on hazel dormice by the wild
boar is most likely to occur during the winter months due to wild boar rooting behaviour
whilst dormice are hibernating at ground level. In spite of the scarce direct evidence of its
predation on dormice, the wild boar can have a significant impact on dormouse hibernacula
because of its rooting activity [29,30,105–107].

The absence of a hibernation period and regular winter activity was recorded in the
hazel dormouse in some Mediterranean ecosystems in Italy [108]. This circumstance could
explain the highest number of dormouse records in the winter diets of owls in Italy. In the
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study by Verbeylen et al. [86], some radio-collared hazel dormice were caught by owls just
before hibernation. In such cases, pellets collected in early winter and attributed to the
winter season could contain the remains of dormice preyed upon by owls in late autumn
just before hibernation. The high winter mortality assessed in some hazel dormouse
populations using a simple enumeration method [28,109] may be overestimated because
some overwintered dormice may not have been recorded by the researchers, as they could
have been caught by predators during the spring [110].

4. Conclusions

This review of publications on dormice in the diets of predators has refuted, clarified
or supported some of the previous statements and showed that:

• Dormice may be an important food source for predators in some regions, especially
in autumn;

• Mammalian predators are not a significant factor in dormouse winter mortality;
• Dormice may leave their hibernacula in the winter period;
• Nocturnal dormice may also be active in the daytime.

This review also showed a very uneven level of examination of the diets of predators
in individual countries. This circumstance could determine the relatively low number of
predator species of the forest dormouse found in this review. The comparatively low occur-
rence of dormice in the winter diets of predators indicates that predators are not the main
factor in the high winter mortality of dormice, and this question needs further research.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/d15010052/s1, List of references to sources containing information
on dormice in the diets of predators in Europe.
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