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Abstract We studied the effect of a forest edge management
quasi-experiment on hazel dormouse (Muscardinus
avellanarius) nest numbers in the reproductive season in the
Netherlands. We found that the number of nests increased
significantly from 2009 to 2013 in managed edges after clear-
ing 75–100 % of mature trees, with a peak in the second year,
whereas those in unmanaged edges decreased. In addition, we
studied habitat characteristics in forest edges and hedgerows,
and found a positive effect of a high upper shrub layer and a
high abundance of blackberry (Rubus fruticosus agg. and
Rubus spp.), rowan (Sorbus aucuparia) and common haw-
thorn (Crataegus monogyna) on nest densities. Based on these

results, we propose a potential dormouse management strate-
gy that extends conventionally advocated coppice manage-
ment for regions with well-developed forest edges by (i)
postulating a blackberry-oriented landscape restoration ap-
proach and (ii) using clearing of mature trees as a tool to boost
local dormouse populations in forest edges that have become
unsuitable as dormouse habitat due to vegetational succession.
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Introduction

The hazel dormouse (Muscardinus avellanarius) is declining
in its north-western European range (Bright and Morris 1996;
Foppen et al. 2002; Vilhelmsen 2003). This is a result of
habitat isolation and fragmentation of old, semi-natural decid-
uous woodlands (Spencer and Kirby 1992) and a lack of
appropriate coppice management (Bright and Morris 1996).
The hazel dormouse is now red-listed in several countries
(Amori et al. 2008), and given its international protected status
(Council Directive 92/43/EEC, Annex 4) there is a need for
the development of effective conservation strategies.

Adopting the correct conservation strategy can be challeng-
ing with respect to dormice since the vegetation types in
which they occur are quite variable, making their habitat
requirements difficult to assess. In Great Britain, for example,
dormice are typically found in old woodlands with coppice
management (Bright and Morris 1996), and in Lithuania and
eastern Germany, dormice have been associated with spruce-
dominated mixed forest stands and overgrown clearings
(Juškaitis 2007b; Wuttke et al. 2012). In the Netherlands and
the surrounding Meuse–Rhine border region, both woodland
types are rare and most forests do not have diverse under-
growth. Here, dormice are restricted to well-developed forest
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edges and hedgerows (Foppen et al. 2002; cf. Wuttke et al.
2012). Also, only a few studies have linked dormouse abun-
dances directly to conservation activities, e.g. by comparing
differently managed woodland areas (Bright andMorris 1990)
or by studying the effect of conifer thinning/felling on a
dormouse population (Trout et al. 2012; see Bogdziewicz
and Zwolak 2014). To our knowledge, no study exists that
provides the essential tools for successful dormouse conser-
vation in the Meuse–Rhine and other regions with similar
forest structures.

In this study, we aim to provide an empirical basis for
dormouse conservation by (i) monitoring the multi-annual
effect of forest edge clearing on the local dormouse population
and (ii) studying key nesting habitat features for dormice in
the reproductive season in the Netherlands.

Methods

Methods are described in full in the Online Resource. In
summary, the study area comprised of six forest sites in the
south of the province of Limburg, The Netherlands, stretching
along the border with Belgium and Germany (Fig. S1).
Annual dormouse censuses (nest counts) were performed in
a number of transects along forest edges and hedgerows
during September to November (two rounds), following the
method described in Foppen et al. (2002). The width of
surveyed forest transects varies from a few meters up to
50 m, depending on the edge vegetation structure (i.e. up to
where the shrub layer sharply diminishes in the forest inte-
riors). Hedgerows were sampled across their whole width.
Counting dormouse nests using this methodology has been
proved to be an effective method to establish reliable, though
relative, dormouse abundances (Foppen et al. 2002).

In parts of these forest transects, 75–100 % of mature trees
were cut in the winter of 2009–2010, resulting in ten arbitrari-
ly chosen ‘managed’ segments (mean±SD—length 91.8±
43.8 m; width 17.1±5.4 m) bordered and interspersed by ten
randomly chosen ‘unmanaged’ segments (180.5±21.8 and
8.9±3.0 m). Segment length and width were a posteriori
determined in 2011 (see below). Dormouse nests were record-
ed in these segments from 2009 through 2013 by RPBF.

In 2011, a dormouse census was performed by JJCR and
RPBF along forest edges and adjacent hedgerows in all six
sites (totalling 19.7 km). Simultaneously, a vegetation survey
was conducted by an independent phytosociologist. Edges
and hedgerows were divided into spatial segments based on
homogeneity of both tree and shrub species (length 118.9±
68.1 m; n=166). In these segments, the relative abundances
and diversity of tree and shrub species (Table S1), as well as
several measures of structural complexity (Table 1) were
recorded.

The multi-annual effect of clearing management on dor-
mouse nest densities, as well as the importance of habitat
variables on nest numbers in 2011, were analysed using
generalised linear mixed models (GLMM)with Poisson errors
(number of nests per segment offset by segment length) using
R 3.0.0 (http://www.r-project.org; see Online Resource for
packages used). In the clearing study, fixed factors were
year, treatment, their interaction and segment width. To
account for potential autocorrelation between adjacent forest
edge segments, an autocovariate was included (Dormann et al.
2007), using inverse-distance weighting of nest numbers with
a 500-m neighbour radius to cover dormouse dispersal dis-
tances (Büchner 2008). ‘Year’within ‘segment ID’was added
as a nested random term to account for longitudinal sampling.
Nest numbers in 2009 were higher in unmanaged than in
managed segments (Mann–Whitney U test, P<0.001), so
rather than making comparisons between treatments, we test-
ed relative changes in nest numbers across years within each
treatment, by normalising nest numbers in 2009 to 1.

To test which habitat variables best predict dormouse nest
numbers in 2011, the GLMM contained plant abundance
(Table S1) and other variables (Table 1) as independent vari-
ables, as well as an autocovariate to account for spatial auto-
correlation (neighbour radius: 500 m). Random terms were
‘segment ID’ (an observation-level term) to account for
overdispersion of the model and ‘site’ to account for potential
site- and observer-related differences in scored nest numbers.
To reduce the number of variables, all variables were first
separately tested; the ones with P>0.5 were dropped from
further analysis. All possible models (consisting of a mini-
mum of four and a maximum of eight independent variables,
excluding collinear pairs: rS>0.5) were then run and ranked
using the AICc method (Burnham and Anderson 2002); coef-
ficients were extracted via model-averaging over all models
within 6 AICc units from the top-ranked one (Richards 2005).

Validity of final models (i.e. containing only significant
terms) was confirmed by normality of residuals; the predictive
accuracy was assessed using observed-vs.-fitted plots (r>0.97
in both sets of analyses).

Results and discussion

Clearing management affected dormouse nest numbers (treat-
ment—Wald χ2

1=0.03, P=0.872; year—Wald χ2
4=123.60,

P<0.001; interaction—Wald χ2
4=44.59, P<0.001; edge

width—Wald χ2
1=9.49, P=0.002). The lack of a significant

autocovariate (Wald χ2
1=0.19, P=0.662) verified that this

was not a location effect. Nest numbers showed clear opposite
trends within clearing treatments (Fig. 1). Clearing mature
trees boosted the development of lush understory growth,
resulting in a net positive change in dormouse nests over the
census period 2009–2013. Within this period, there was an
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increase in dormouse nests from 2010–2011 in managed
segments. This was followed by a decrease in nest numbers
in 2012, possibly due to unfavourable weather conditions or
low mast production in that year because this decrease was
wide-ranging and occurred in the whole area. In contrast, the
net change in nest numbers over the period 2009–2013 was
negative in unmanaged segments. Also, the clear increase of
nest numbers in the managed segments in 2010 and 2011 was
not observed in the unmanaged segments.

In the 2011 habitat study, candidate models featuring 15
variables all included the autocovariate (see Table S2 for a
rank list of all candidate <6 ΔAICc models). Besides the
autocovariate, blackberry (Rubus fruticosus agg.—Z=5.94,
P<0.001; Rubus spp.—Z=2.49, P=0.013) was the most im-
portant species (Fig. 2a; see Fig. 2b for effect sizes).
Blackberry presents a multi-seasonal food supply (i.e. flowers
in spring, berries in late summer; Bright and Morris 1993) and
may also present sheltered nesting conditions (see Berg and
Berg 1998; Wolton 2009). The presence of blackberry may
possibly outweigh the importance of tree holes, which have
been identified as a crucial factor that determines dormouse
presence in Great Britain (Bright and Morris 1991). Rowan
(Sorbus aucuparia; Z=3.48, P<0.001) and common haw-
thorn (Crataegus monogyna; Z=2.13, P=0.033) were also
positively correlated with dormouse nest numbers. These
berry-producing species may be important food items
(Juškaitis 2007a) in the present population as an alternative

or supplement to blackberries. Rowan seeds may be particu-
larly important in preparation and fattening for winter along

Table 1 Habitat variables mea-
sured at each forest edge or
hedgerow transect segment and
additional (diversity) variables
derived from them

a See Table S1 in the Online
Resource
b See Magurran (2004)

Variable Description of
variable

HAB ‘Habitat type’ Forest edge versus hedgerow.

TRHT ‘Tree height’ Average height of the high tree layer.

SHHT ‘Shrub height’ Average height of the high (‘upper’) shrub layer, e.g. shrubs spanning
over bramble margins.

WID ‘Segment width’ Approximate width of the forest edge/hedgerow (in forest edges
up to the point where understory growth decreased or disappeared
abruptly and mature trees began to dominate). Width may vary
at different points.

TRCO ‘Tree cover’ Relative cover (crown projection) of all treesa.

SHCO ‘Shrub cover’ Relative cover of all shrubsa.

DTOT ‘Total D’ Simpson’s reciprocal diversity index (D=1/∑pi2)b for all trees and shrubsa.

DHAR ‘Hard-mast D’ Simpson’s D for five tree/shrub species producing nuts or winged
seeds (hard mast)a.

DSOF ‘Soft-mast D’ Simpson’s D for 16 tree/shrub species producing fleshy fruits (soft mast)a.

FDSP ‘Food-species
abundance’

Cumulative abundance of all soft-mast speciesa + Hazel, excluding
R. fruticosus agg.

INCL ‘Inclination’ Angle of inclination of the forest edge or hedgerow.

LYWO ‘Lying wood’ Estimated cover of wood (dead trunks and branches) on the
forest floor (1–5 %).

Tree hollows Note: As tree hollows were recorded only incidentally (most forest edges in the
dormouse’s range contained nomature trees with hollows), this variable was
omitted from analysis.

Fig. 1 Annual model-predicted mean (±SE) dormouse nest numbers per
treatment (managed—closed circles, n=10; not managed—open circles,
n=10), normalised to 1 in 2009, when forest edge width is set to 100 m
(***P<0.001, Bonferroni corrected). The arrows above the graph denote
the 2009–2013 net change per treatment; the lower-left arrow indicates
the onset of clearing
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with hazelnuts, similar to what has been shown in wood mice
Apodemus sylvaticus (Perea et al. 2011). Of the structural
variables, the height of the upper shrub layer was the only
significant predictor of dormouse nest numbers (Z=2.47, P=
0.013) and conforms to the previously established association
of dormice with well-developed shrub vegetation (reviewed in
Juškaitis and Büchner 2013).

Our results suggest that unsuitable forest edges may be-
come suitable dormouse habitat within 2 years after clearing
mature trees, particularly if mixedwith food-providing shrubs.
Thick undergrowth (in particular blackberry R. fruticosus
agg.) combined with a well-developed shrub layer as arboreal
pathways (Bright and Morris 1991) may facilitate inter-
seasonal migration between the canopy layer (where oak
flowers abound in spring; Bright and Morris 1993) and the
forest edge. The rapid development of dormouse nest numbers
as a result of forest management in the present study is in
accordance with the coppice and thinning management
advocated by Bright and Morris (1991, 1996) and represents
a good way of enhancing development of forest edges that
have become unsuitable as dormouse habitat due to vegeta-
tional succession.

We provide a tool for dormouse conservation for regions
where dormice are mainly restricted to forest edges and hedge-
rows. Dormice have been previously shown to have a prefer-
ence for natural cavities as nest sites (Bright andMorris 1991);
some nests may therefore inevitably have been overlooked.
This was, however, not expected to be of major influence on
our results, as natural cavities were found to be rare through-
out the study area (see also discussion in Berg and Berg 1998)
and we looked at relative differences rather than absolute. The
challenge is to find a suitable cyclical management scheme for
long-term dormouse conservation, whichmay also serve other
red-listed species with a need for a cyclical management
regime, such as the red-backed shrike (Lanius collurio;

Lislevand 2012) and the brown hairstreak (Thecla betulae;
Merckx and Berwaerts 2010).
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