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Abstract
Arboreal mammals are a group of special concern. We reviewed the available literature to summarize the overall potential
effects of forest habitat disturbances on dormice ecology and population parameters. We took into consideration the influence
of forest structure, area size and fragmentation, vegetation biodiversity, forestry treatments, and the development of road
networks. The vast majority of studies have only examined two species, hazel and edible dormouse, while the ecological
requirements and conservation priorities of forest, garden, and Japanese dormice have rarely been studied. There has been a
substantial increase in the number of dormice studies; however, many aspects of their ecology are still unknown. The current
state of knowledge points to the essential role of the complex vertical structure of forest vegetation in providing arboreal
movement corridors and safe nesting places for dormice species. Moreover, dormice species are cavity dwellers that depend
on the presence of old trees and nest boxes, which could have ambiguous effects.
Keywords Arboreal rodents · Forest management · Glis glis · Gliridae · Habitat fragmentation · Muscardinus avellanarius

Introduction
Recently published data indicate that only 24% of global
tree cover is intact forests (Global Forest Watch 2002), while
remaining forests are under permanent or temporary conversion. The majority of them (73%) are under temporary
disturbances factors, including forestry, shifting agriculture,
or wildfires. This pattern is spatially diverse, for example,
in Europe 95% of forest conversion is by forestry, while in
South Asia and Latin America the major driver of forest
disturbance is deforestation (Curtis et al. 2018).
Four Eurasian species (edible dormouse Glis glis, forest dormouse Dryomys nitedula, garden dormouse Eliomys
quercinus, hazel dormouse Muscardinus avellanarius) are
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forest animals and are essential elements of forest ecosystems. They act as an additional source of food for some
predatory mammals and birds, including protected species
as Eurasian lynx Lynx lynx, Eagle owl Bubo bubo or Ural
owl Strix uralensis (Marchesi et al. 2002; Krofel et al. 2011;
Obuch et al. 2013) and Tawny owl Strix aluco (Marchesi
et al. 2006). Moreover, as cavity dwellers, some of them are
known to be competitors with hole-nesting songbirds having
a significant influence on their reproductive success (Sarà
et al. 2005; Juškaitis 2006; Adamík and Král 2008). Dormice, as with other forest rodents, are likely to be important
consumers and vectors of fungi (Schickmann et al. 2012)
and plants (Juškaitis 2007b).
European dormice have wide ranges (IUCN 2020), but
records are often dispersed with numerous gaps, which
reflect that they are rare in many parts of their ranges and/or
there is a gap in knowledge (Kryŝtufek and Vohralik 1994;
Mitchell-Jones et al. 1999; Bertolino 2017; Juškaitis 2018).
They are protected both in local, national, and international
scales. Of the 29 species of Gliridae, 15 of them are listed
as least concern, one as near threatened, and two as vulnerable on the IUCN Red List. For the other 11 species, there is
insufficient data (DD category—data deficient) because they
are poorly known. Despite the fact that some of them are
relatively common across its range, local populations can be
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threatened and isolated (Juškaitis 2018). Some populations
decline despite strict protection, conservation actions, and
monitoring programs (Bright and Morris 1996; Orlov et al.
2013; Goodwin et al. 2017). It indicates a high influence of
local anthropogenic changes on conservation status. Habitat
loss, fragmentation, and improper forest management are
distinguished as crucial factors (Jurczyszyn 1997; Mortelliti
et al. 2011; Fietz et al. 2014; Dondina et al. 2016; Juškaitis
2018). Forest-dependent dormice are highly exposed to
modification of forests, both for landscape as well as stand
scale (e.g., deforestation and character of remaining ecosystems management and their protective regime). There
are several issues that can have crucial effects on dormice
habitat quality, but current knowledge of significance of forest habitat alteration is limited. Due to the fact that many
dormice species are associated with forests, the knowledge
of forest management in terms of the details and alteration
of woody habitats is crucial for optimizing the conservation and development of guidelines for sustainable forest
management.
The aim of this review is to summarize the current state
of knowledge of the impact of habitat quality and anthropogenic transformations (particularly these related with forestry and landscape disturbances) on ecology and conservation of arboreal Gliridae.

Methods
Search strategy
To identify species of interest, we performed an advanced
search in IUCN Red List with filters: “Gliridae” in taxonomy
and “forest” in habitats. We distinguished six representative
genera: Dryomys, Eliomys, Glirulus, Glis, Graphiurus, Muscardinus, which were considered to include in our review.
Myomimus roachi was omitted as this species is not forestdweller (Peshev et al. 2004; Nedyalkov et al. 2018). Also,
Chaetocauda was not included as this species is known only
from five specimens (Holden-Musser et al. 2016).
We searched the literature with Web of Science (www.
webofknowledge.com) and Scopus (https: //www.scopu
s.com/). The following terms were used for search strategy:
("gliridae" OR "glis" OR "muscardinus" OR "eliomys" OR
"dryomys" OR “graphiurus" OR “glirulus” OR "dormice"
OR "dormouse") AND ("forest" OR "habitat" OR "forest
management" OR "ecology" OR "woodland" OR "coppice" OR "landscape"). The adopted strategy of search followed the Transparent Reporting of Systematic Reviews and
Meta-Analyses (http://www.prisma-statement.org/), which
is standard for systematic reviews and meta-analyses. We
selected Web of Science and Scopus as they are the two
most widespread and comprehensive international databases
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of literature. We intentionally omitted articles published in
local journals (regardless of the language) if these papers
had not appeared in the search. Finally, only papers in English were included in our review as both databases are valid
only with respect to English journals. Some of the important
articles from local journals have been used for the discussion, but not included in the analyses (that was based on only
articles found in the search and which were not excluded
based on the criteria listed below). This concerns mostly
reviews papers and studies summarizing information about
dormice populations from particular countries (e.g., Jurczyszyn 1997, 2001; Gatter and Schütt 2001; Verbeylen 2006;
Lang et al. 2013; Büchner and Lang 2014).
The search was done at 14.02.2020 and included only
papers published until 2019. During the initial search, each
result was verified whether it was unique (all doublets were
removed) and next examined for whether or not it concerned
the topic. Papers that had no relevance were excluded, for
the following reasons: 1) papers not related with the topic of
research, 2) papers about forest or ecology, but referred to
other systematic group than dormice, 3) articles about dormice, but with no direct relation with forest. Finally, two sets
of databases were confronted to again remove all repeated
publications.

General characterization of studies
We evaluated qualified papers to determine the scope and
progress of studies. We reviewed them with respect to i)
temporal (year) and spatial (country) characteristics of
publications, ii) species, iii) used tools and methods, iv)
what aspects of ecology and biology were subject of interest, v) what aspects of habitat and forest management were
included.
In the review phase, only edible dormouse, forest dormouse, garden dormouse, hazel dormouse and Japanese
dormouse were taken considered due to insufficient data
concerning Graphiurus spp.

Issues selected for review phase
For the purposes of review, we examined the collected
papers on the following aspects of forest disturbances and
their relation to dormice ecology and conservation:
1.
2.
3.
4.
5.
6.

Forest area size and continuity
Existence of movement barriers
Silvicultural treatments
Vertical and spatial forest structure
Old trees and tree microhabitats abundance
Plant diversity
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Characterization of dormice studies:
literature summary

and Germany (Table 1). One to three records refer to remaining 17 European countries. Only two studies refer to dormice
from Asia (Japan).
The selected set of publications refers to studies of only
five species: forest dormouse, garden dormouse, edible
dormouse, hazel dormouse from Europe and Japanese dormouse from Japan (Supplementary Table 1). The search
failed to identify any relevant study on Graphiurus genus.
The majority of studies examined only two species: 66%
studied hazel dormouse; 25% studied edible dormouse
(Fig. 3). Few papers referred to more than one species: two
to hazel and edible dormouse; one to hazel, edible and forest
dormouse. Additionally, three articles also concerned Red
squirrel Sciurus vulgaris; two-wood mice Apodemus sylvaticus; and one each to European badger Meles meles, Algerian
mouse Mus spretus, white-toothed shrew Crocidura russula,
common shrew Sorex araneus, bank vole Myodes glareolus,
and harvest mice Micromys minutus.
The most common tool used in the study of the dormiceforest/habitat relation was nest boxes (56%, n = 38). Other
tools were focused on the direct detection of individuals or

PRISMA search outputs
Our search produced 1219 results (346 in WoS and 873 in
Scopus). Through this search, we identified 67 articles relating to dormice and forest management, which means that
only 7.7% of the articles in Scopus and 19.4% in the Web of
Science satisfied the inclusion criteria. The remaining papers
were excluded in the assessment stage (Fig. 1).

General overview
The majority of articles included to our review (76%, n = 51)
were published after 2005 (Fig. 2; Supplementary Table 1);
the greatest number of the publications were noted in last
decade (57%, n = 38). The increase in the number of published records was moderate (Rho = 0.51). Most of the studies were conducted in Italy, the United Kingdom, Lithuania
Table 1  Number of publications
about dormice—habitat/forestry
relation among countries

Country

Number of records
Total

Bosnia and Hercegovina 1
Coartia
1
Denmark
1
France
1
Lativia
1
Macedonia
1
Netherlands
1
Slovenia
1
Turkey
1
Austria
2
Czech Republic
1
Hungary
3
Poland
3
Russia
3
Spain
3
Sweden
3
Germany
9
Lithuania
9
United Kingdom
16
Italy
18
Japan
2

D. nitedula

E. quercinus G. japonicus

G. glis

M. avellanarius

*
*
–
–
*
*
–
*
*
*
*
2
1
1
–
–
*
1
–
*
–

?
*
–
*
*
–
*
*
–
*
*
–
*
*
2
–
*
–
–
2
–

1
1
1
1
1
1
–
1
1
2
1
3
2
2
1
–
5
2
1
5
–

*
*
*
*
*
*
1
*
*
*
*
2
*
*
–
3
4
7
15
12
–

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
2

(*species occurs in the country, but there is no papers about given dormice species and forest/habitat relation, – species doesn’t occur in the country, ? not known; data sources on species distribution: Bertolino
2017—garden dormouse, Kryŝtufek, & Vohralik 2014—forest dormouse, other species—IUCN 2020).
Only articles retrieved from “Scopus” (Elsevier) and “Web of Science” (Clarivate Analytics) databases are
presented
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IDENTIFICATION

Fig. 1  Prisma flow-diagram (see
Moher et al. 2009) for literature
search for the purposes of this
study. Values indicate number
of papers excluded at different assessment stage. Only
articles retrieved from “Scopus” (Elsevier) and “Web of
Science”(Clarivate Analytics)
databases are presented
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Fig. 2  The number of studies (n = 67) published by a year (together and for two most widely studied species: hazel and edible dormice). Only
articles retrieved from “Scopus” (Elsevier) and “Web of Sciences” (clarivate analytics) databases are presented

their signs in the field using classic observations or radiotracking, and some also focused on the collection of digital
records or samples (Fig. 4, Supplementary Table 1). Single
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studies were based on second-hand data (Fig. 4). In 22 (32%)
studies, more than one tool was used.
In these studies, where dormice were captured (with use
of nest boxes, live traps or nest tubes; n = 55), animals were
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G. japonicus;
2; 3%
E. quercinus;
4; 5%
D. nitedula; 5;
7%

M. avellanarius;
44; 60%

G. glis;
18; 25%

Fig. 3  Numbers and share of publications referring to particular species of dormice. Only articles retrieved from “Scopus” (Elsevier) and
“Web of Science” (Clarivate Analytics) databases are presented

usually marked and recaptured (49%, n = 27) (Fig. 5, Supplementary Table 1). Other studies in this group of research
were done mostly for a determination of occurrence, tracking, sample collection for genetics and estimation of survivor (Fig. 5).
Most of the studies related with dormice and their habitat
quality or disturbance concerned the hazel and edible dormouse (Supplementary Table 1, Table 2). Such investigations have rarely been conducted in the case of forest, garden
and Japanese dormouse.

Relationships between forest habitat
disturbances and dormice ecology
Landscape level
Forest area size and continuity
Data referring to this issue are available only for hazel and
edible dormice.
The distribution of edible dormouse is determined by the
availability of large, mature (Marteau and Sarà 2015), and
isolated woodlands (Capizzi et al. 2003). Dispersal of this
species is closely linked to forest continuity, and fragmentation results in limited gene flow, low genetic diversity, and
differences in demography and body size (Fietz and WeisDootz 2012; Fietz et al. 2014; Herdegen et al. 2016; Moska
et al. 2018; Michaux et al. 2019). Edible dormouse, which is
more sensitive than hazel dormouse to decreased patch size
and increased fragmentation (Mortelliti et al. 2009), have
been found in areas measuring as small as approximately
6 ha, but their highest probability of occurrence was found in
woodlots of 40–50 ha in area or greater (Capizzi et al. 2003).
According to the previously mentioned authors, the size of
wooded area proved even more important than isolation in
predicting the presence or absence of this dormouse species. Also, a population genetics study by Fietz et al. (2014)
indicated that edible dormouse populations from small and
fragmented forests are genetically isolated and are more
unstable over time.
Hazel dormouse occurrence is also dependent upon forest
area and isolation (Bright et al. 1994; Capizzi et al. 2003;
Mortelliti et al. 2011; Dietz et al. 2018). The colonization
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Fig. 4  Tools used in studies of relations between dormice and their
habitats or forestry (presented for two most widely studied species:
hazel and edible dormice and other taxa together). Only articles

20
25
number of articles

30

35

40

45
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Fig. 5  Source of data used in studies of relations between dormice
and their habitats or forestry (presented for two most widely studied
species: hazel and edible dormice and other taxa together). Only arti-

Table 2  Number of studies
about impact of forestry
practices on dormice species.
Only articles retrieved from
“Scopus” (Elsevier) and
“Web of Science” (Clarivate
Analytics) databases are
presented

Number of studies

Forest stucture
Habitat loss and fragmentation
Forestry treatments
Roads
Old trees
Plant diversity

Total D. nitedula E. quercinus G. japonicus G. glis

M. avellanarius

33
23

4

3

12
7

19
17

19
5
8
15

1
1

1

1
1
2
3

16
3
5
10

and extinction probability of the hazel dormouse are driven
by the distance between habitat patches and the presence
of hedgerows that connect and enhance movement between
forest patches (Iannarilli et al. 2017), but only in landscapes
where forest cover is higher than 5–10%. In areas with lower
forest cover, tree lines are ineffective (Mortelliti et al. 2011;
Dondina et al. 2016). Hazel dormouse is considered a sedentary species, with strong female philopatry—the effects
of isolation by distance were observed even within a scale
of 1 km (Naim et al. 2014). For example, the hazel dormouse prefers to move in longer arboreal routes, as opposed
to shorter routes across open land (Bright and Morris 1991;
Bright 1998). Over open ground, the hazel dormouse can
migrate across distances ranging from approximately
100–500 m (or up to 670 m) (Büchner 2008; Keckel et al.
2012; Mortelliti et al. 2013), and more than 1200 m over forested areas (Juškaitis 1997). Subpopulations in fragmented
landscapes are characterized by low numbers of migrants
compared to continuous landscapes (Bani et al. 2018). As
a result, the spatial separation of suitable habitats has an
impact on the genetic isolation of species subpopulations
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1

1

1

1
1

(Naim et al. 2012; Bani et al. 2017), which negatively influences population stability. Patch size has a crucial effect
on local extinction, and, in consequence, population persistence, independent of habitat quality (despite the availability of resources) (Mortelliti et al. 2014). The incidence
of dormice increases in wooded areas greater than 20 ha,
but only slightly in larger areas. This suggests that 20 ha is
the minimum patch size required for the survival of hazel
dormouse populations (Bright et al. 1994); however, reproduction events were also found in coppices smaller than 2 ha
(Capizzi et al. 2002; Büchner 2008). The survival of hazel
dormice in the smallest wooded patches depends upon the
presence of hedgerows that connect woodlots or upon the
presence of other woodlots less than 20 m away (Bright et al.
1994; Keckel et al. 2012).
Existence of movement barriers
At a small spatial scale, linear gaps in vegetation can limit
the arboreal movement of dormice. Linear gaps in forests
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are created mainly by networks of tracks including roads,
railways, and, to a lesser extent, major compartment lines.
Forest and edible dormice avoid gaps in forest stands
because they inhibit movement in the canopies (Juškaitis and
Šiožinytė 2008; Juškaitis et al. 2012; Magomedov 2015),
but edible dormice can occasionally travel short distances
across open areas (Bieber 1995; Bieber and Ruf 2009). If
there is no arboreal connection, the hazel dormouse can
cross roads relatively often (Chanin and Gubert 2012; Kelm
et al. 2015). The hazel dormouse can even cross major roads
and use roadside shrub vegetation as suitable habitat. As a
result, roads do not cause physical and genetic isolation of
subpopulations (Friebe et al. 2018). Additionally, connection between habitats fragmented by linear barriers can be
enhanced by arboreal bridges (White and Hughes 2019).

Stand level
Vertical and spatial structure
Forest structure is an important variable in the habitat selection of probably all dormice species; however, the data available for dormice vary greatly among species. Dormice prefer
to move along thin and horizontal branches (see Youlatos
et al. 2015 for Graphiurus), but particular species are able to
move on branches of different thickness (e.g., 2 mm for hazel
dormouse, more than 5 mm for edible dormouse; Karantanis
et al. 2017). Vertical stratification and structural continuity
of vegetation ensures many arboreal routes for dormice by
means of complex branch connections that facilitate movement and likely reduces predation risk (Bright and Morris
1996; Magomedov 2015; Cornils et al. 2017). Connectivity
between understory and canopy layers (Bright and Morris
1996), as well as within a single layer (canopy or understory), were found to be important (Juškaitis and Šiožinytė
2008).
A well-developed and dense understory stratum is an
important variable in characterizing forest dormouse nest
sites (Juškaitis et al. 2012); therefore, this species is more
abundant in habitats with dense shrub vegetation (Magomedov 2015). According to Pilāts et al. (2012) this species
prefers mature forest stands with a rich shrub layer and forest edges.
The garden dormouse occupies forests, woodlands, rock
crevices, orchards and human dwellings (Holden-Musser
et al. 2016). In mountain regions it is known to prefer rocky
areas characterized by a thick shrub layer and low canopy
closure (Bertolino 2007). This is a species which travels
mainly on the ground, while the shrub layer provides food
and shelter (Bertolino et al. 2003).
Cornils et al. (2017) reported that canopy closure created
suitable habitat for the edible dormouse, which experienced
limited locomotion in the presence of thinner branches (this
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rodent failed to move on 2–5 mm twigs; Karantanis et al.
2017). Age of forest stand has no significant importance for
edible dormouse (Juškaitis and Šiožinytė 2008).
The hazel dormouse, similar to the forest dormouse,
selects for nesting sites in forests with a well-developed and
dense understory stratum (Panchetti et al. 2007), especially
when the nest tree is well connected with the surrounding
vegetation (Juškaitis et al. 2013). In hedgerows, hazel dormice select nesting places in dense, often thorny, vegetation such as blackthorn, bramble, and field rose (Wolton
2009). Due to their dense vegetation structure, young Norway spruce (Picea abies) plantations can also provide suitable nesting site habitat for the hazel dormouse, but this
rodent avoids pure pine stands without an understory layer
(Juškaitis 2007a). Shading significantly reduces the productivity of understory and forest floor species. Flowers and
fruits are an important part of the dormice diet (Bright and
Morris 1993), thus stands characterized by a closing canopy
and shaded understory are avoided by the hazel dormouse
(Berg 1996; Bright and Morris 1996; Juškaitis and Šiožinytė
2008). Mature and naturally thinned out stands create habitats suitable for hazel dormouse through gap dynamics and
understory development (Juškaitis and Šiožinytė 2008).
Likewise, stands with clumped canopies, which create a
mosaic of closing canopies and gaps, provide favorable habitats for the hazel dormouse (Williams et al. 2013).
Old trees and tree microhabitats abundance
All arboreal dormice species are naturally cavity dwellers—
however, hazel dormice can live in forests without cavities
by building nests in bushes, and edible, garden, forest and
Japanese dormice can also utilize the ground surface and
rocky cavities (Scaravelli and Bassi 1994; Shibata 2004;
Juškaitis and Remeisis 2007b; Figarski 2009; HoldenMusser et al. 2016). Therefore, the presence of older trees
with arboreal microhabitats (tree holes, decaying wood,
cracked bark) was found to be a necessary element of forest
ecosystems for these arboreal rodents, and nest site abundance is a known limiting factor for dormouse population
growth (i.e., hazel dormouse; Juškaitis 2005). Tree cavities
and hollows are one of the most frequently used nest and
rest sites of the hazel, edible, Japanese, and forest dormouse
(Bright and Morris 1992; Shibata et al. 2004; Juškaitis 2005;
Ściński and Borowski 2006). The garden dormouse is also
associated with old-growth forests (Arnan et al. 2014). In
some managed forests, hazel dormice may chose nest boxes
more frequently than natural cavities (Bright and Morris
1992; Juškaitis 2005).
According to Moreno and Rouco (2013), the garden dormouse may be more abundant in burned areas in old-growth
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forests, as fire creates important microhabitats, but this
observation requires further studies.
The low usage of nest boxes by edible dormouse in mature
stands with high proportions of hollow trees (Juškaitis and
Siozinyte 2008; Iwińska et al. 2020) may be due to a preference for natural hollows.
Plant diversity
Species diversity ensures a continuum of different food
resources among seasons (Bright and Morris 1993; Juškaitis
et al. 2013).
Japanese dormice preferred next boxes located in areas
with high numbers of shrubs and trees that provided different types of food throughout the seasons (flowers, fruits,
seeds) (Nakamura-Kojo et al. 2014).
For the forest dormouse, the number of shrub species and
understory cover has an important impact on this species’
choice of nest sites (Juškaitis et al 2012).
Beech and oak trees are essential components of edible
dormice habitats (Hecker et al. 2003; Milazzo et al. 2003;
Juškaitis and Augutė 2015). Edible dormouse reproduction
is dependent upon masting years, when the availability of
beech or oak seeds is high (Ruf et al. 2006; Bieber and Ruf
2009; Vekhnik 2019). In masting years, the presence of
mature beach and oak trees can increase local food availability. Therefore, the proportion of reproducing female
of edible dormouse increases during mast years; however,
this effect is important only in younger stands. In mature
managed forests, an increase in tree age does not seem to be
crucial for dormice populations (Lebl et al. 2011). However,
a high proportion of one tree species in a stand (i.e., beech)
is unfavorable for edible dormouse (Milazzo et al. 2003;
Cornils et al. 2017) because in low mast years there are no
alternative food resources. Heterogeneous habitats consisting of bushes and young trees provide more constant but
less energetic food than forests dominated by beech, which
results in lower reproductive output but higher survival probability in edible dormouse (Bieber and Ruf 2009).
The hazel dormouse consumes food resources depending
on their availability in space and time (Juškaitis et al. 2016).
Understory and canopy species diversity is related to hazel
dormouse abundance, especially those species producing
soft mast (e.g., wayfaring tree Viburnum lantana, blackthorn
Prunus spinosa), flowers, fruits, and seeds (Bright and Morris 1990; Goodwin et al. 2018). This diversity also enhances
the individual survival of hazel dormouse and the probability of colonization (and population establishment) of a habitat patch (Mortelliti et al. 2014). Moreover, shrub diversity
and cover have an important impact on nest site choice by
hazel dormice (Berg and Berg 1998; Wolton 2009; Juškaitis
et al. 2013). On the other hand, due to their dense structure,
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young, single-species conifer and deciduous plantations can
be successfully inhabited by hazel dormouse (Berg and Berg
1999; Bako and Hecker 2006; Juškaitis 2007a).

Silvicultural treatments
Silvicultural treatments result in temporal changes in the
structure and species composition of vegetation. Data related
to the impact of forest treatments are available mostly for
hazel and edible dormouse. These species generally react
differently due to their distinct habitat requirements. Treatments have negative temporal effects on dormice density
(Juškaitis 2008). Clear-cutting has radical effects on vegetation structure, and, subsequently, on arboreal mammals
by modifying their topical and trophic conditions due to
the complete removal of nearly all canopy cover. Initially,
a clear-cut habitat with abundant ground cover improves
conditions for many ground-dwelling small mammals, but
the arboreal activity of small mammals has been eliminated
(Gurnell et al. 1992).
The forest dormouse avoids nest sites situated in areas
with gaps in vegetation (e.g., tree stumps), but successfully
occupies overgrown clearings in which dense vegetation creates suitable habitat (Juškaitis et al. 2012).
The edible dormouse locomotes mainly in the canopy
stratum; thus, every gap in the canopy due to stand thinning
negatively affects its occurrence (Juškaitis and Šiožinytė
2008). Stands with tall trees and a low stem number were
more important variables compared to quantitative tree
structure (Capizzi et al. 2003). Therefore, the edible dormouse occurs more frequently in tall (i.e., mature) forests
or coppices with a long rotation cycle than in areas with
frequent and large-scale treatments (e.g., felling of the whole
forest fragment, short-time coppicing) (Capizzi et al. 2003).
The negative impact of coppicing was indicated when a
short rotation cycle had been applied. The authors did not
record any sign of edible dormouse presence in coppices
with rotation cycle shorter than 18 years.
Among dormice species, the hazel dormouse appears
to be the most generalist in terms of habitat—it occupies
both coppice forests (with dense understory and some
taller, older trees) and tall forest stands (Bright and Morris
1990; Juškaitis and Šiožinytė 2008; Zapponi et al. 2013;
Sozio et al. 2016), due to dense, complex vegetation structure. Clear-cuts and coppices provide successional stages
of woody vegetation that are known to be the best habitat
for hazel dormouse (Berg 1996; Bright and Morris 1996;
Juškaitis 2007a; Juškaitis and Remeisis 2007a), but only
after a few or several years of clearing (Juškaitis 2008, 2020;
Sozio et al. 2016). Young trees provide well-hidden nesting sites (Juškaitis and Remeisis 2007a). Decreasing shrub
cover (by clearing, but also by natural succession) results in
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lower hazel dormouse abundance (Berg 1996). After removing the majority of mature trees, the number of hazel dormouse nests increases if the shrub layer is well developed
(Ramakers et al. 2014). Different methods of tree thinning
(e.g., hand felling using chainsaws, mechanized harvesters,
both small and large group fells, and clear-cuts) have no
significant impact on hazel dormouse density (Trout et al.
2012). Large group felling has the lowest impact on hazel
dormouse, while clear-cutting has the highest impact (the
majority of nests were destroyed in clear-cut plots). Nests
remained unharmed in surrounding unmanaged areas (Trout
et al. 2012). Tree felling resulted in higher occupancy of
nest boxes, likely due to the destruction of natural nest sites
during forestry operations.

Implications for landscape planning
with particular emphasis on forest
management
Because of their arboreal character, dormice are highly
exposed to ecosystem disturbances, both at the landscape
and site level (Bright et al. 2006). The current distributions of individual dormice species are a consequence of
past decisions and types of management. Furthermore, their
relatively small dispersion abilities prevent dormice from
reinhabiting all areas from which they were ousted, even if
environmental conditions became favorable again. At the
landscape level, due to socioeconomic development and progressing urbanization, habitat improvement for dormice is
difficult and requires the collaboration of many authorities
and biologists. In turn, at the forest complex and stand level,
where dormice still exist, the type and intensity of forest
management is of key importance. We can point to a number
of suggestions aimed at improving occurrence conditions
for dormice.

Farmland management
One of the crucial factors concerning farmlands is their
management, which is reflected in the debate between landsparing and land-sharing concepts (Tscharntke et al. 2012).
Monocultures planted on large areas make the landscape
more homogeneous, which is unfavorable for the movements
of forest-dependent species. This is one of the most important factors of isolation and degradation (often leading to
extinction) of less mobile forest species such as dormice.
On the other hand, the wildlife-friendly concept (land-sharing) allows for diversified forming of agricultural production areas where there is space for other types of landscape
features such as hedgerows and islets. This can counteract
forested-land separation and improve ecosystem services in
agricultural landscapes (Navarro and Pereira 2015). It was
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highlighted that increased connectivity between specific
habitats (forested ones in this case) facilitates immigration and counteracts possible extinctions in spared habitats
(Grass et al. 2019). Taking action to protect dormice fits
this concept well. Projects such as this are undertaken, for
instance, in Britain to protect hazel dormouse (Bright et al.
2006). Hedgerows and woodlots should be created from
native tree and shrub species and form a kind of coherent
network with forests. It is crucial to know the actual distribution of dormice species and areas around forests where
dormice still exist. These factors should be taken into consideration in the first place.

Roads, highways and railways
One of the major threats to dormice populations is fragmentation and isolation by public communication routes (Chanin
and Gubert 2012). There are some solutions to mitigate this
problem, such as building landscape bridges and overpasses
above roads, which can reduce their barrier effect (Minato
et al. 2012; White and Hughes 2019). Also translocation of
individuals has been adopted (Downs et al. 2020).

Restitution programs
In most cases, dormice are unable to colonize forested areas,
even if environmental conditions are now favorable, due to
their low dispersion abilities. The only solution is to relocate
some animals from large and healthy natural populations
or to use captively bred animals. This kind of conservation
program has successfully been undertaken in Great Britain
(Bright and Morris1994; Mitchell-Jones and White 2009)
and Poland (Jurczyszyn 2001, 2006). It is important to
endeavor to translocate individuals from adjacent areas and
avoid the use of rodents from other geographical regions
and different genetic units (such knowledge is, however, still
sufficient only for some local populations) (e.g., Gornung
et al. 2010; Fietz et al. 2014; Bani et al. 2018; Michaux et al.
2019). Also, this rule should not be neglected in areas with
no local populations, as it could have future consequences in
case connectivity among populations in the area is restored
(restituted and native).

Forest management
For existing populations of dormice, which are forestdependent species, current forest management is of special
importance.
Forest units
First of all, we should consider scale as a point of focus.
In small, isolated forests (up to approximately 100 ha), all
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management activities have to be undertaken carefully with
particular care taken for each forest stand (forest management unit). Populations of dormice in such a small ecosystems contain fewer individuals and are vulnerable to all
kinds of disturbances, both natural and anthropogenic. In
large, continuous forests, the conservation approach should
be a bit different. In big forest complexes, a complete dormice inventory over the whole area poses organizational
and financial difficulties. This applies in particular to more
secretive species (such as forest or garden dormouse) and
diversified forest ecosystems with a high level of naturalness
(e.g., mountain forests). In these cases, we should take into
consideration the whole forest complex, not just a particular
stand. The main goal is to implement such forest management rules that allow for the continuous occurrence of dormice at the forest-complex scale.
Silvicultural treatments
Improper forestry can be a significant problem for dormice.
However, it is possible to propose and implement appropriate procedures for forest management that will be harmless
to dormice. In areas where dormice are quite abundant, a
favorable stand structure is of particular importance. First of
all, a high density of tree and bush crowns should be maintained, thereby allowing these mammals to move around.
This is also important throughout the life of each stand of
younger age classes when thinning is carried out. Special
attention should be given to stands reaching their rotational
age, when they are felled and renewed.
Most kinds of clear-cutting methods are improper for dormice due to their arboreal character, with the exception of
small-scale clear-cutting, which could be favorable for the
hazel dormouse (Juškaitis 2020).
According to Figarski (2010), a large-scale shelterwood
compartment system used in deciduous (e.g., beech) stands
can also force dormice to leave such areas. If the canopy is
uniformly opened up over the whole area to improve light
conditions and promote tree regeneration, it makes dormice
movement impossible. This is more harmful for the edible
dormouse (related to the overstory to a large extent) than
for the hazel dormouse, which can benefit from a welldeveloped understory. For the above reasons, it would be
desirable to use more complex cutting methods in deciduous
stands such as the modified form of the shelterwood group
system. It can be based on selective cuttings (like in a typical
shelterwood method) but performed on irregular small areas
(up to 0.5 ha) which successively fill the renewed stand area
in a relatively long regeneration period. In this scenario,
dormice would have a chance to survive in patches not yet
renewed or in those where natural regeneration has already
strengthened. Filling the area with fragments of stands of
different ages would also enable dormice movement and
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allow for inhabiting neighboring areas. Another advantage
of such proceedings is the ability to create multi-species
stands which are more beneficial for dormice because of
diversification of their food base (Gatter and Schütt 2001).
This is important in low-mast years of beech or oak (Lebl
et al. 2011).
In mixed forests with significant amounts of fir, spruce,
beech, and oak, which are sometimes the most rich stands
in terms of dormice species (settled at least by edible, forest,
and hazel dormice in a single forest complex), irregular shelterwood methods with long regeneration periods and based
on various types of cuttings seems to be the most appropriate
type of forest management (Figarski 2010; Iwińska et al.
2020). In turn, stands dominated by fir should be managed
in selection of a system with the longest possible renewal
period and be based on single-tree or small-area group cuttings. These types of forest treatments allow one to maintain or shape a large forest mosaic by shaping multi-story,
uneven-aged stands whose structure, through well-developed
lower forest layers, are a very valuable habitat for dormice
(Gatter and Schütt 2001; Iwińska et al. 2020).
Sometimes dormice (e.g., edible dormouse) inhabit less
typical forests having high proportions of Scots pine (Pinus
sylvestris) and admixtures of oaks and fir. In such forests,
the main habitat factor that makes dormice occurrence possible is a well-developed understory of hornbeam and hazel
(Iwińska et al. 2020). These forests are managed with the
help of various types of group cuttings aimed at increasing the proportion of oak instead of pine. This procedure is
favorable for dormice in the long term; however, it has to
be stressed that a well-developed understory composed of
hornbeam should not be completely cutoff during the harvesting of pines, but instead should be partially included in
the future stands (Figarski 2010). According to Iwińska et al.
(2020), in such stands most of the daily roosts of edible dormouse are of natural origin, mainly in birches and oak trees.
Dead trees or those in poor condition are preferred. These
roosting sites are often surrounded by dense vegetation composed of young deciduous trees. That is why preservation of
old deciduous trees and a dense understory layer in mixed
forests is said to be crucial for arboreal rodents.
Furthermore, in mature stands, managed and well-developed forest edges characterized by a dense shrub layer may
form important habitats for the hazel and forest dormouse
(Pilāts et al. 2012; Ramakers et al. 2014; Magomedov 2015).
At least 5–10% of stands making up the forest complex
where dormice occur should be excluded from harvesting.
As far as possible, these fragments should be large, reaching
10–20 ha (Figarski 2010).
In general, dormice occurrence is said to be positively
influenced by enhancing the ecological continuity of ecosystems and by increasing the average age of forests, which
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affects the availability of shelters and food (Gatter and
Schütt 2001).
Forest environment quality
Apart from silviculture, we also have a few suggestions
for improving dormouse habitat conditions. To enrich the
food base of dormice, more attention should be paid to wild
cherry, whose fruits are willingly eaten by dormice (Figarski
2010). This is especially important in the early summertime,
when trees such as beech or oak are not yet bearing nuts
(Jurczyszyn 2018). It is also important to not remove shrubs
that these rodents feed on (e.g., hazel).
Another important element is to leave large groups of old
trees that would over time develop into habitat that would
support dormice in cutting areas (Gatter and Schütt 2001;
Iwińska et al. 2020). Nowadays, forest authorities that are
subject to the Forest Stewardship Council (FSC) certification
are obligated to leave at least 5% of the stand area planned
for harvesting for natural death and decomposition.
One of the major threats to dormice is an insufficient
number of natural hiding places such as cavities. Dormice
species, as in other hollow dwellers, depend on the availability of tree cavities. Thus, requirements of dormice can partly
overlap with those of a guild of cavity-nesting birds, which
are more often used as biodiversity indicators (Mikusiński
et al. 2001; Gregory et al. 2008) or even as indicators of
the impact of forest management practices on biodiversity
(Perry et al. 2018). Since birds are presently the most popular umbrella or flagship species, the most complex conservation measures have been designed for this animal group
and could be to some extent postponed for other arboreal
animals. Arboreal species of dormice occupy (during breeding) tree holes and other cavities created on trees (e.g., under
bark or in rotten wood). An exception is the hazel dormouse,
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which besides nesting in small cavities can build nests in
dense bushes or young trees. Consequently, this group of
rodents is dependent on the presence of thicker trees and
especially old and dying trees as well as dead wood. Therefore, it is important to protect hollow and old trees.
The lack of natural shelters for these animals can be
partly overcome by hanging special nest boxes with hollows
facing tree trunks; however, dormice also willingly use nest
boxes created for birds. Many studies describe populations
of dormice nesting in nest boxes. Consequently, the data
regarding the relationships between dormice requirements
and forestry may be unclear. Nest boxes can cause a supraoptimal breeding density leading to an ecological trap, as
was reported in the case of birds (Mänd et al. 2005). Such
nest boxes could be beneficial for dormice populations, but
only in the short term if boxes are not cleaned, repaired, or
replaced. Moreover, a recent study of Iwińska et al. (2020)
proves that dormice prefer to roost in natural cavities even if
nest boxes are available (up to 70% of roost were in cavities).
In contrast, the long-term study of Gatter and Schütt (2001)
in Germany provided evidence that edible dormouse can
steadily increase in number if a large number of nest boxes
are available, accompanied by high forest practice, increased
food and shelter availability, with increasing age of beech
stands. Hanging of nest boxes should not be standard practice in the protection of these rodents; however, it could be
applied in heavily transformed woods of insufficient age
until their maturity.

Table 3  Recommendation for forestry and landscape activities beneficial for selected dormice species, with the greatest number of studies:
Edible dormouse
Sustaining large and continuous forest areas (at least 50 ha)
Development of wooded corridors (tree lines) connecting forest patches
Restoration of canopy closure across forest gaps (especially linear gaps) by thicker branches (> 5 mm)
Limitation of large-scale treatments (large clear-cutting, felling of trees on large areas, frequent coppicing)
Preserving trees with cavities
Management leading to presence of alternative food resources in oak and beech forests (other species of trees and bushes, particularly these
giving fruits or nuts), but without predominance of any tree species
Hazel dormouse
Sustaining continuous forest areas (at least 20 ha) surrounded by suitable habitats
Development of wooded corridors (hedgerows) connecting forest patches
Preserving trees with cavities
Management leading to understory development and complex vegetation structure
Allowing for development of pioneer fruiting trees and bushes
Avoiding of intensive harvesting destroying hibernation sites
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Conclusions
Knowledge of the relationships between forestry, land use,
and the ecology and conservation of dormice species continues to grow thanks to the increasing number of studies
on these arboreal rodents. Dormice deserve further study,
as these rodents are not common and are even considered
rare and threatened in some countries (they are included in
the red lists of threatened animals, or are just protected).
Moreover, being dependent on complex forest characteristics (e.g., tree cavities, a continuous canopy layer, diverse
tree composition, a dense and multispecies understory, forest area continuity), dormice are known to be indicators of
forest habitat quality and are vulnerable to some forest treatments and landscape changes. Numerous issues remain and
should be topics for future research, especially as it concerns
the species least studied so far (i.e., Japanese, garden, and
forest dormice). This systematic review summarizes the current state of knowledge of arboreal dormice (particularly
the European species) and lists all described relationships
between these rodents with forest treatments and landscape
disturbances. This review should be helpful in the proper
planning of forest management, forest habitat conservation,
and facilitating further research. Table 3 presents key actions
that should be implemented in forestry for effective protection of dormice populations.
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