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Preface 

As the only person who has attended all eight of the International Dormouse Conferences, 
I would like to offer a personal view of this experience as an introduction to the proceedings 
of the latest of these meetings, held in Saxony in 2011. The first dormouse ‘conference’ was 
a small workshop arranged by Heiko Müller-Stieß in 1990. He had begun to study dormice 
in the Bavarian national Park and wanted to share ideas with anybody else he could find in 
Europe who was also working on these animals. He found so few of us we could easily sit 
at a single table. Paul Bright, Doug Woods and I had begun to study dormice in England 
and we were pleased to share our experience, including the systematic use of nest boxes as 
a tool for studying these animals. It was decided that another meeting would be a good idea 
and our Italian colleagues agreed to arrange it. So began a process that led to this, the 8th 
International Dormouse Conference with 120 participants from 20 countries, including South 
Africa, Mongolia and Japan.

But why dormice? The appeal of elephants, otters or dolphins is obvious, but dormice? 
In fact this group of small mammals is of unusual interest. They form a distinct family (the 
Gliridae) numbering fewer than 20 species, but they are the surviving remnants of what was 
once a widespread and numerous group of rodents. Their fossils, mainly teeth, offer an insight 
into the past history of the Rodentia and their evolution. It is the morphology of bones and 
teeth upon which the classification of rodents is based, but modern genetic studies can now 
supplement these traditional morphological investigations and sometimes raise intriguing 
conflicts between different methods of classification. These issues featured strongly in previous 
conferences, especially in Italy. Alas, genetic techniques have so far been unable to reveal the 
origin of the British population of edible dormice (Glis glis), which is now expanding and 
creating numerous problems through its invasion of houses and damage to forest plantations. 

It also has to be said that dormice, like otters and pandas, are ‘cute’! from a strictly scientific 
point of view, all animals should be equal, but some are more ‘equal’ than others, dormice among 
them. This is important because it is easier to raise public interest and get wider support for them 
than for less charismatic species. The various nut hunts for example, developed since our first 
one in England in 1993, have relied greatly on public support. Revealing the presence of hazel 
dormice (Muscardinus avellanarius) by searching for characteristically gnawed hazel nuts has 
depended on the active engagement of many thousands of ordinary people. Dormouse projects 
in Japan, Belgium and other European countries have raised awareness of conservation issues 
and gained public support for valuable environmental improvements that might not otherwise 
have happened. Although these activities appear to focus on dormice, what is good for them also 
benefits many other species that would receive little or no public attention.

Dormice are also of especial interest as they are true hibernators, posing many interesting 
physiological and ecological questions. They avoid the difficulty of seasonal food shortages 
by becoming extremely torpid and consuming very little energy at certain times of the year. 
Many spend over half their life ‘asleep’ in this way, but the seasonal challenge comes in 
different months according to which part of Europe they inhabit. In the north, hibernation 
occurs in the winter (mainly October to March) but in Mediterranean countries the challenge 
is during the hot dry summers and dormice may then aestivate (‘summer hibernation’) instead. 
This reveals an interesting and perhaps unexpected ecological flexibility, which has been little 
studied. Other climatic factors may explain why hazel dormice occur further north in Denmark 
and Sweden than in England, and why second litters are common in Lithuania, but rare in 
England. Monitoring edible dormice in Germany has shown failure to reproduce in some 
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years, often coinciding with similar phenomena in other parts of Europe, posing question 
about the ecological mechanism involved. Other studies in Germany show that this species 
now emerges from hibernation about two weeks earlier than in the past, leading to competition 
with certain bird species for vital nesting places, prompting investigation of the same issue in 
England. There is a lot to be learned by sharing observations from different parts of Europe, 
much of which will also apply to other groups of animals and might also help us understand 
future climate change or the impact of habitat fragmentation, environmental issues that are 
important to us all.

Dormice are also becoming increasingly important with regard to their legal status. The 
Japanese dormouse (Glirulus japonicus) for example is an iconic and nationally protected 
animal. The hazel dormouse and forest dormouse (Dryomys nitedula) now have the status of 
European Protected Species conferred upon them by the Eu Habitats Directive. This prohibits 
any kind of disturbance that may impact on the species at population level, requiring surveys to 
be carried out before any major changes in land use occur (road building for example). In turn, 
that means we are beginning to learn a lot more about their distribution at local level. Previous 
dormouse conferences have reported on dormouse surveys in Belgium, Denmark and Hungary 
for example, as well as the ‘Great nut Hunt’ in England in 1993, which was repeated with 
great success in Germany, Austria and Switzerland after its success was described at a previous 
conference. now, as reported at this meeting, we are beginning to study the occurrence of 
dormice in more detail, using modern scientific techniques such as modelling, digital mapping 
and GIS data to identify key habitat parameters and make predictions about where else these 
animals might occur. The effects of habitat fragmentation, so important to many non-flying 
species, are also being revealed by local dormouse surveys and studies. These developments 
are not just important for dormice: these animals provide a valuable bio-indicator of habitat 
suitability and environmental integrity.

It has been very encouraging to see how people have shared ideas at these conferences, 
pursued them in their own countries, and then come back to report their own information at 
a subsequent meeting. The very extensive population studies of hazel dormice by Rimvydas 
Juškaitis in Lithuania are a good example. Collaboration with licensed dormouse trappers in 
Slovenia enabled Boris Kryštufek to tell us much about the biology of edible dormice, when 
for most of us it was a surprise to learn that anyone trapped them at all. The charming Japanese 
dormouse has been introduced to us by Shusaku Minato, together with his experiments with 
arboreal animal pathways across roads. Important results can be obtained with the simplest 
equipment, Sven Büchner’s studies of dispersal between isolated copses for example, were 
a surprise to those of us who thought dormice did not cross open land. Simple behavioural 
studies, of feeding and olfactory behaviour, have also revealed aspects of animal life that 
are worth further thought. We have learned that genetic studies can shed new light on 
speciation, taxonomy and provide clues to the way that these arboreal species were affected 
by the Pleistocene ice ages. At the Edirne Conference we were able to see living mouse-
tailed dormice (Myomimus personatus), a special pleasure for me as I had discovered the first 
evidence of that animal in Turkey on a student expedition in 1965. 

It has been especially pleasing to see the large number of young biologists who have 
attended these conferences, often from parts of Europe where travel to the west is difficult and 
very expensive for students. There has been much trading of email addresses and telephone 
numbers, allowing exchange visits to see new friends and different habitats. Always there has 
been informality and friendliness. These meetings have been good for people as well as for 
dormice! 
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Several of the conferences have been held in particularly interesting areas, with beautiful 
wild flowers in Italy and spectacular scenery in Hungary and Croatia for example. This 8th 
conference, like those that came before, enabled many of the participants to see new and 
interesting habitats for the first time. In Poland we visited some of the vast forests and 
wetlands. I suspect that the conference in England was a shock for many visitors from 
Germany and Eastern Europe, where there is so much more space for wildlife, bigger forests 
and fewer people. It is easy to fall into the trap of thinking that what is familiar to each of us 
is also ‘normal’ elsewhere. In Croatia we saw where hazel dormice lived in dwarf beech forest 
barely 2 metres high. We also saw natural forests with mixtures of beech and conifer trees that 
formed ideal habitat for edible dormice. for the first time, I realised that this species had been 
introduced to England in a region where, for historical reasons, entirely artificial mixtures of 
beech and conifer have been planted. If they had been released almost anywhere else in the 
country they would probably have died out. 

Like its predecessors, this 8th conference covered a stimulating and very wide range of topics, 
including taxonomy, physiology, palaeontology, parasitology, energy budgets, behaviour, 
genetics, ecology and conservation. There was also encouraging news of several successful 
public participation projects. The conference introduced some new ideas and brought news 
(to many of us) that dormice even occur in Mongolia. We heard about attempts to investigate 
the forest dormouse, surely one of Europe’s least studied mammal species, and the dormice 
(Graphiurus) that occur in Africa. We also saw the continuation of themes that have been 
explored progressively at previous meetings. for example, there is the question of whether 
or not roads are a threat to dormice. Do they create barriers that constrain natural dispersal 
movements and access to feeding areas, compromising the functionality of metapopulations? 
Or can roads actually be beneficial to dormice because the shrubs commonly planted alongside 
roads can provide permanent habitat for dormice and offer habitat corridors linking otherwise 
isolated areas of woodland? I suspect that both are true. Perhaps we will need to encourage 
more thoughtful road management policies that include habitat links and ‘green bridges’ in 
forest areas. In more open landscapes it will perhaps need better design of roads and careful 
choice of planted vegetation and a strategy for its future management. This is a discussion, 
which needs to continue, but also needs more research on the behaviour of dormice in relation 
to roads and habitat fragmentation. Such an approach will be beneficial to us all in terms of 
ensuring a more wildlife-friendly countryside and creating a more pleasant environment for 
people too. 

These eight conferences represent an incremental advance in our understanding of dormice 
and have led to many examples of constructive international cooperation. The meetings have 
also been highly enjoyable social occasions, as well as scientifically useful and personally 
inspirational. This one was no exception. for that we must thank the organisers Sven Büchner 
and Hermann Ansorge, and the essential help from Diana Drewke. We also welcome the 
generous support provided by the Senckenberg Museum in Görlitz. Their efforts resulted in a 
highly successful conference. 

Ascot (England) in March, 2012 

PAT A. MORRIS
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An estimate of population density of the fat dormouse Glis glis, movement 
and nest cohabitation in two types of forests in the Transylvanian Plain 
(Romania)

Eliana SEvianu & alin DaviD

Abstract 
Spatially explicit capture-mark-recapture data, obtained by regular nestbox checks during two summer 

seasons (2006, 2007) were used to estimate population density of the fat dormouse (Glis glis) in one 
oak (Quercus robur) and one hornbeam (Carpinus betulus) dominated forest in the Transylvanian Plain, 
Romania. The number of captured dormice was positively correlated with the number of occupied 
nestboxes, although between 10 % and 50 % of all nestboxes were shared by 2–6 individuals. The 
percentage of shared nestboxes and number of individuals found within them varied. Dormice tend to 
aggregate in nestboxes during the mating season, and almost all shared nestboxes containing more than 
two individuals (males and females) were encountered during that period. Dormice were more solitary 
in July and august, when females gave birth, but communal nesting was uncommon in our study sites. 
The fat dormouse had higher densities in the oak forest than in the hornbeam forest (11.32 ± 1.46 vs. 
4.81 ± 0.70 ind./ha), and also the average distance moved was shorter in the oak forest. The maximum 
distance moved was 150 m in the oak forest and 250 m in the hornbeam forest, but here fewer than 5 % 
of the distances recorded were greater than 150 m, showing high nest site fidelity.

Keywords: nestboxes, communal nesting, habitat requirements

1. Introduction
Density and population size are related population parameters that both have a central role 

in wildlife conservation and management. Comparative estimates at one point in time for 
different areas or habitats, or at the same site at different times, allow inferences to be made 
about population status in relation to other areas or habitats, or other moments in time (lancia 
et al. 1994, Buckland et al. 2001, Parmenter et al. 2003, Efford et al. 2005). Estimating 
the size and/or density of wildlife populations has been one of the most challenging tasks 
for biologists, especially when it involves rare or elusive species that must be sampled 
(McDonald 2004), like the fat dormouse (Glis glis), a nocturnal, arboreal small mammal 
(vietinghoff-Riesch 1960). 

One of the most widely used methods to estimate population size of small mammals (including 
dormice) is capture-mark-recapture (CMR). Setting traps in trees to capture arboreal, nocturnal 
rodents, such as dormice, could be difficult and time consuming, or sometimes impossible. an 
alternative method of capturing, by regular nestbox checks, has been widely used to collect data 
for estimating fat dormouse abundance, population size and density, throughout the species’ 
distributional range (vietinghoff-Riesch 1960, Gaisler et al. 1977, Juškaitis 2000, Burgess et al. 
2003, Kryštufek et al. 2003, Ruf et al. 2006, Pilăts et al. 2009, Sevianu 2009, lebl et al. 2011). 
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Capture-mark-recapture method does not estimate the sampled area (Shanker 2000), which 
is in fact unknown and not easy to define or calculate accurately, so the relationship between 
population density and data obtained by capturing is still not clear (Efford 2004), and not 
addressed by conventional capture-recapture methods (Efford et al. 2009b). 

a new, spatially explicit CMR method of estimating population density has been recently 
developed, using the framework of distance sampling (Efford 2004, Efford et al. 2004, 
Efford et al. 2005, Efford et al. 2009a, b). The method uses CMR data from various arrays of 
‘passive detectors’ that record individuals at a point (where the detector is placed), only when 
they encounter and interact with a detector (Efford et al. 2004). Passive detectors could be 
traps (of various types), mist nets, cameras or artificial shelters, and there is no restriction on 
the layout (Efford et al. 2004). The method provides direct estimates of population density, 
using ‘spatio-temporal’ capture histories (Borchers & Efford 2008, Efford et al. 2009b). a 
spatial model of the population and the detection process is fitted to the spatial detection 
histories (Efford 2004, Borchers & Efford 2008).

We used spatially explicit capture-mark-recapture method to analyze data obtained by 
nestbox checks over two years (2006–2007), and to estimate G. glis population size and 
density in two types of deciduous forest. in addition, we analyzed nestbox occupancy and 
movements by dormice, as revealed by the capture histories.

2. Material and methods 
2.1. Study area
The study took place in the Transylvanian Plain (north-western Romania). although it is named 

‘plain’, it is actually a hilly area, with forests occupying hilltops and north-facing hillsides (Pop 
2001). Site a: Ghiris forest (46°47’48’’ n, 23°58’33’’ E, 430–460 m altitude, 38 ha, 35 years 
old, Aceri tatarico-Quercetum petraeae-robori). The forest is an old area of pedunculate oak 
(Quercus robur) with Tatarian maple (Acer tataricum) forest that, due to intense exploitation, 
has had its original structure altered, being now dominated by field maple (Acer campestre) and 
hornbeam (Carpinus betulus) and invaded by locust trees (Robinia pseudacacia). The shrub 
layer is moderately developed, formed of various species (hazel Corylus avellana, European 
cornel Cornus mas, common dogwood Cornus sanguinea, old man’s beard Clematis vitalba, 
common privet Ligustrum vulgare, bladdernut Staphylea pinnata).

Site B: Ciuas forest (46°55’43’’ n, 24°05’35’’ E, 280–430 m altitude, 53 ha, Lathyro 
hallersteini-Carpinetum). This forest has also been intensively exploited, and consists of three 
sections, different in age and composition (40 years old hornbeam, 100 years old sessile oak 
(Quercus petraea), 55 years old hornbeam and sessile oak). it maintains its original, stratified 
structure only within a three hectare area, where old (125 years) pedunculate oaks still stand. 
The forest is dominated by sessile oak and hornbeam with some oak, wild cherry (Prunus 
avium) and field maple, and has a well-developed shrub layer (hazel, European cornel, small-
leaved lime Tilia cordata, elder Sambucus nigra).

2.2. Sampling methods
in 2005, at each site, 50 wooden nestboxes (internal size 20 × 20 × 30 cm, entrance diameter 

5 cm) were placed at 20 m intervals, in line transects, with entrance holes facing tree trunks, at 
heights ranging from 2.5 to 4.5 m. at site B, an additional line of smaller nest boxes (internal 
size 14 × 14 × 21 cm, entrance diameter 3.7 cm) was erected in early spring 2007, parallel with 
the first one.
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The nestboxes were checked once a month, between april and november, for two 
consecutive years (2006, 2007). nestboxes were considered occupied only when at least one 
fat dormouse was found inside. Each captured dormouse was individually marked by ear 
tattoo and was assigned a unique iD. 

2.3. Analysis 
We used the capture data from summer months only (June, July and august), 2006 and 

2007, when most of the adults were concomitantly active in the area (Sevianu 2009), as the 
onset and ending of hibernation is correlated with sex and age (Bieber & Ruf 2004). During 
the study period, the population consisted only of individuals that had hibernated at least once. 
The data were pooled over years and sites to increase sample size for greater accuracy, but 
in some cases were analyzed separately for each year, at each site. in the pooled sample, we 
treated each year separately (as a closed population), meaning we considered only recaptures 
within the same year. The individuals captured and marked during 2006 were considered 
unmarked at the first capture in 2007.

Density 4.4 software (http://www.otago.ac.nz/density) was used to estimate density and 
detection parameters from the population size, capture probability and scale of animal movement. 
The software uses a spatially explicit capture-recapture method, considering the location where 
each animal was captured, to fit a spatial model of the detection process (Efford 2004, Borchers 
& Efford 2008). Spatially explicit analysis of CMR data estimates density without having to 
calculate the effective trapping area (Wilson et al. 2007), being computed directly from the 
spatial capture history (Efford et al. 2009b). The software uses simulation and inverse prediction, 
a method that matches values of statistics calculated from field data to values calculated from 
data simulated with known parameter values (Wilson et al. 2007), and the maximum likelihood 
method (Efford et al. 2009a). Population size was estimated using the M0 model, which was 
selected by CaPTuRE program most of the times. in spatial simulation and inverse prediction, 
model selection for the appropriate closed-population estimator may not be critical (Efford 2004). 

Correlation between the number of dormice captured and the number of occupied nestboxes 
was analyzed using Spearman’s rank correlation.

3. Results 
3.1. Nestbox occupancy and cohabitation
During the study we captured a total of 283 adult fat dormice in 329 captures (pooled data 

over two years at both study sites). Out of the 329 cases of dormice found inside nestboxes, 
57 cases involved two and more individuals sharing a nestbox (17.33 %), and 272 single 
individuals (82.67 %). in June, 39 out of 76 occupied nestboxes were shared by more than 
one individual, representing 51.31 %. in mid and late summer the proportion of shared 
nestboxes dropped, reaching 5.59 % in July (8 out of 143) and 9.09 % in august (10 out of 
110). The number of individuals that shared one nestbox ranged from two to six (Tab. 1). 
The number of nestboxes occupied by more than one individual varied significantly between 
months (χ2  = 31.68, df = 2, p < 0.001). The proportion of nestboxes shared by different 
numbers of individuals also varied between months. in July and august, all except one case 
of shared nestbox involved only two individuals (with a single case of three males). in June, 
although the majority of shared nestboxes were still used only by two dormice, there were 
several cases of up to six occupants (Tab. 1). Capture histories showed that shifting occurs 
between individuals sharing the nestboxes.
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Tab. 1  Percentage of nestboxes shared by different number of individuals out of the total number of 
 shared nestboxes (raw values in parenthesis).

Nr. Ind. June (39) July (8) August (10)

2 61.54  % (24) 100  % (8) 90  % (9)

3 23.08  % (9) 0 10  % (1)

4 2.56  % (1) 0 0

5 7.69  % (3) 0 0

6 5.13  % (2) 0 0

analyzing data for each month, we found that the correlation of the number of captured 
dormice inside nestboxes and the number of occupied nestboxes was significant (Spearman’s 
rho = 0.88, p < 0.001), although the relationship between the two variables was not 
straightforward. 

a special case of shared nestbox is communal nesting, involving two females with pups. 
at site B we encountered only two communal nests out of 43 recorded litters, and at site a no 
communal nests were recorded out of 22 monitored litters. Overall, communal nests rose to 
3 % of the total nests found (n = 65). 

3.2. Population Density 
Population densities of dormice at each site did not vary significantly between the two 

years, but the density at site B was 2.5 times higher than at site a (Tab. 2). 
The capture probability for site a was 0.47 per occasion and 0.85 overall in 2006, and 

0.38 per occasion and 0.77 overall in 2007. The capture probability for site B was 0.22 per 
occasion and 0.54 overall in 2006, and 0.48 per occasion and 0.86 overall in 2007. 

The mean distance travelled by dormice, as revealed by recapture histories, was 47.2 ± 4.7 m  
at site a, and over 90 % of travelled distances were less than 150 m, and none more than  
250 m (Fig. 1). at site B, mean distance travelled was shorter, 24.8 ± 2.9 m, and none more 
than 150 m (Fig. 2).

Tab. 2  Density estimates at the two sites. Results are given with standard error (SE). n = estimation 
 of population size, iP D = density estimated by inverse prediction, Ml D = density estimated  
 by maximum likelihood.

Capture site Year
Site A Ghiris Site B Ciuas

N ± SE IP D ± SE ML D ± SE N ± SE IP D ± SE ML D ± SE

2006 62 ± 4.20 3.23 ± 0.67 3.50 ± 0.71 125 ± 20.69 10.62 ± 3.11 11.80 ± 3.35

2007 82 ± 6.28 4.78 ± 0.91 5.09 ± 0.99 117 ± 5.88 10.18 ± 1.45 10.26 ± 1.42

2006 + 2007 pooled 160 ± 12.21 4.81 ± 0.70 4.81 ± 0.74 251 ± 17.49 11.32 ± 1.46 11.71 ± 1.44

4. Discussion
in our study sites fat dormice used nestboxes during the active season for shelter, daytime 

rest, rearing young and feeding on stored food. 
in the two forests studied, fat dormice shared the nestboxes with conspecific individuals. 

The number of nestboxes used by dormice, and the actual number of dormice captured 
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inside nestboxes were positively correlated, thus making either method useful in estimating 
abundance. Dormice tended to aggregate during the mating season (June), when we found 
groups of dormice (up to six) of both sexes, in various combinations, but also male groups and 
female groups, in the same nestbox. The sharing of the same nestbox by several sexually active 
dormice supports the hypothesis of a promiscuous mating system (Ściński & Borowski 2008). 
The same study showed that, although home ranges overlap (male-male, female-female, male-
female), in July and august fat dormice very rarely shared natural daytime nest sites, only 
2–3 % of the cases (Ściński & Borowski 2008). in our study, we found a higher proportion of 
shared nests, but that could be the result of different study methods, in the radiotracking study 
fewer individuals being followed. 

Fig. 1  Histogram of distances between capture and recaptures at site a (n = 65).

Fig. 2 Histogram of distances between capture and recaptures at site B (n = 86).
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Dormice continued to share nestboxes even after the mating season, although to a lesser 
extent, and only by two, exceptionally three individuals. Communal nesting was uncommon 
in our study. in august 2006, we found at site B, two females with pups of similar age in one 
nestbox, and other two females, with pups of different age, sharing another nestbox. in one 
instance we found a lactating female with six pups sharing a nestbox with a male. 

The sharing of nestboxes during the whole reproductive season, and even outside it (pers. 
obs.), and the shift in individuals that share a nestbox, shows that fat dormice are not solitary, 
but social animals. The sociality of fat dormice and the lack of hierarchy and ranks were 
already suggested by vietinghoff-Riesch (1960).

in a study in Białowieża Forest, no communal natural nests were found (Ściński & Borowski 
2008), but in italy communal nests were found regularly, although the frequency varied greatly 
between years, ranging from less than 5 % up to 50 % (Pilastro 1992, Pilastro et al. 1994, Pilastro 
et al. 1996). The variation did not seem to be influenced by the shortage of nestboxes, but the 
highest frequencies of communal nests were observed in years with high population densities 
(Pilastro et al. 1996). Due to the very limited number of cases recorded in our study site, we 
could not make any assumptions about the factors influencing the frequency of communal 
nesting, but we did encounter them exclusively at the site with high dormice density. 

Radiotracking studies showed that dormice can travel more than 500 m by night, but also 
that the home ranges of individuals overlap (Jurczyszyn & Zgrabczyńska 2007), meaning 
that the distance between nests could be shorter. The method we used could only show the 
distance travelled between nest sites used for daytime rest, and not the total distance traveled 
during the night. The mean distance moved by dormice, as revealed by the capture histories, 
was therefore much shorter: in over 90 % of cases, they travelled distances of less than 150 m,  
and none more than 250 m. in a similar study in Germany, the mean distance travelled 
between nestboxes was slightly higher (57.3–68.6 m) (Ruf et al. 2006), but there too 91 % of 
all movements were shorter than 150 m. in a study that used bird boxes, much longer distances 
were recorded: the average distance moved was 272.7 m for males and 201.1 m for females, 
with a maximum of 1.100 m, but still 70 % of distances did not exceed 200 m (Gaisler et 
al. 1977). it seems that, although dormice are capable of travelling long distances, most of 
the recorded distances travelled between nestboxes did not exceed 250 m. The number and 
the arrangement of the nestboxes, but also the duration of the study, could in fact influence 
the distances recorded by recapture histories. Dormice changed their nest sites during the 
reproductive season, but they moved in the vicinity, rarely more than two nestboxes away 
during one season, showing high nest site fidelity, but not necessarily for the same nest. at 
higher population density, the distance travelled might be even smaller.

acorns and beechnuts are the major food source in autumn for the fat dormouse (Bieber 1998, 
Pilastro et al. 2003, Ruf et al. 2006), and density was found to be dependent on the availability 
of beechnuts, as significantly higher dormouse density was recorded at sites with high beech 
(Fagus sylvatica) presence (Ruf et al. 2006). Significant year-to-year fluctuations in population 
densities have been reported in beech forests in northern distribution range, as entire dormice 
populations can skip breeding in non-masting years (Bieber 1998, Pilastro et al. 2003, Bieber & 
Ruf 2004, Ruf et al. 2006, Morris & Morris 2010, lebl et al. 2011). However, the fluctuations 
concerned most predominantly the abundance of juveniles, the adult density being not affected 
by reproductive years (lebl et al. 2011). There was a significant correlation between the number 
of dormice found during autumn in nestboxes and the pollen density of beech, but not with the 
pollen density of oak (Bieber & Ruf, 2004), and the number of breeding females was significantly 
correlated with the production of beech seeds (Pilastro et al. 2003). in oak and beech forests, in 
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a three-year study (2006–2008) in Czechia, no years without (or very low) reproduction were 
recorded (lebl et al. 2011). Other studies also showed that, in southern distribution range, 
dormice breed regularly every year (Santini 1978, Pilastro 1992). in our study site, between 
2005 and 2007, oak masting occurred only in 2005, but dormice reproduced each year and there 
were no significant changes in nestbox occupation rate between 2005–2007 (Sevianu 2009). 
We suggest that in southern distribution range, in mixed deciduous forests dominated by oak, 
dormice might not show synchronized breeding with oak masting and no significant fluctuation 
in adult population size or density occurs in relation to oak masting. 

We found a significantly higher dormouse density in the oak forest than in the hornbeam 
forest, showing that in lowland forests the dormouse density is influenced by the presence of 
oak trees. a study in the northern part of the distribution range showed that the fat dormouse 
preferred forests with high total cover of oak trees in mature mixed forests, which provided 
both conditions for arboreal movement in canopies with good interconnectivity, and a good 
source of food (Juškaitis & Šiožinytė 2008). Previous studies in the deciduous forests of the 
Transylvanian Plain showed that the presence of a diverse and well-developed shrub layer 
was also important (Sevianu 2009), confirming the strong dependence on development of 
undergrowth found in Russia (ivashkina 2006).

The reported dormouse densities from other parts of Europe vary tremendously, from 
0.2 ind/ha (Gaisler et al. 1977) up to 30 ind./ha (nowak 1994 in Burgess et al. 2003). 
vietinghoff-Riesch (1960) found in Germany a density of 4.9 ind./ha, using only September 
data. in south central Slovenia, in mixed forest of beech and silver fir (Abies alba), adult 
density was estimated at 6 ind./ha (Kryštufek et al. 2003). in deciduous woodlands of Sicily, 
the densities reported ranged from 4 to 20 ind./ha (Milazzo et al. 2003). in a recent study, 
densities of 6.237 ind/ha were found in an sessile oak forest in Czechia, and of 6.390 ind/
ha and 5.765 ind/ha in beech dominated forests in Germany and italy (lebl et al. 2011), but 
with no details on how the effective trapping area was estimated. The Minimum number 
Known to be alive (Mna) method gave an estimation of 2 ind./ha in mixed woods in latvia, 
estimating the sampled area by adding an additional bounding strip to the area ‘covered’ by 
nestboxes (Pilāts et al. 2009). in a study conducted in Germany in a beech forest using traps, 
during 7500 trap-nights a total of 196 dormice were captured, and the population density, 
calculated with Mna-method, ranged between 13 and 22 ind/ha in summer months, but 
with no details on the area sampled (Bieber 1995).

We could not make valid comparisons of population density with results from similar or 
different habitats because each study used a different method to estimate density. The methods 
varied greatly in terms of period of study (entire active period, summer only, autumn), the 
individuals counted (adults only, adults plus yearling together, adults and yearlings separately 
or adults, yearlings and juveniles), the area considered to be the sampled area as well as the 
estimation method. 

We compared our findings with the density estimates obtained using call counts. in England, 
where the species was introduced, densities were lower and varied between 1.7–1.8/ha in 
mature and pole-stage beech forest, and 0.6/ha in mixed habitat (spruce, pole-stage beech and 
elder) (Hoodless & Morris 1993). in southeastern Poland, in various types of deciduous and 
mixed forests, density estimates ranged between 1–11 ind./ha (Jurczyszyn 1995). in mixed 
forests of north-western Poland, populations were categorized as ‘low density’ (2.7–3.2 ind./
ha) and ‘high density’ (8.3–10 ind./ha) (Jurczyszyn, unpubl., in Jurczyszyn & Zgrabczyńska 
2007), and  density estimates were quite similar to our results in oak and hornbeam forests of 
the Transylvanian Plain.
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Our results suggest that in the lowlands of southeastern Europe, oak-dominated forests are 
more suitable to sustain high dormouse density than the field maple and hornbeam forests. The 
fat dormouse prefers mature oak forests and a well-developed shrub layer, conditions that can 
provide shelter, rich and diverse food sources and allow free canopy movement. 

Estimating densities using spatially explicit capture-recapture methods can be very useful 
in analyzing data from regular nestbox checks, and, as it does not require a specific layout or 
fixed distances between nestboxes, has the potential of giving estimates of density that can be 
compared in order to further determine fat dormouse habitat requirements and preferences in 
different part of the species’ range. 

5. Acknowledgements:
This study was supported by a grant awarded to EcoChoice by the People’s Trust for 

Endangered Species (london), whom the entire project team would like to thank.

6. References 
Bieber, C. (1995): Dispersal behaviour of the edible dormouse (Myoxus glis l.) in a fragmented landscape 

in Central Germany. – Hystrix (n. s.) 6: 257–263.
Bieber, C. (1998): Population dynamics, sexual activity, and reproduction failure in the fat dormouse 

(Myoxus glis). – Journal of Zoology 224: 223–229.
Bieber C. & Ruf, T. (2004): Seasonal timing of reproduction and hibernation in the edible dormouse (Glis 

glis). – in: Barnes B. M. & Carey, H.v. (eds): life in the cold: evolution, mechanisms, adaptation, 
and application. Twelfth international hibernation symposium, biological papers of the university of 
alaska number 27. – alaska: Fairbanks, 2004: 113–125.

Borchers, D. l. & Efford, M. G. (2008): Spatially explicit maximum likelihood methods for capture-
recapture studies. – Biometrics 64: 377–385.

Burgess, M., Morris, P. & Bright, P. (2003): Population dynamics of the edible dormouse (Glis glis) in 
England. – acta Zoologica academiae Scientiarum Hungaricae 49 (Suppl. 1): 27–31.

Buckland, S. T., anderson, D. R., Burnham, K. P., laake, J. l., Borchers, D. l. & Thomas, l. (2001): 
introduction to Distance Sampling. – Oxford university Press, Oxford, 2001: 432pp.

Efford, M. G. (2004): Density estimation in live-trapping studies. – Oikos 106: 598–610.
Efford M. G., Borchers, D. l. & Byrom, a. E. (2009a): Density estimation by spatially explicit capture-

recapture: likelihood-based methods. – in: Thomson D. l., Cooch, E. G. & Conroy, M. J. (eds): 
Modelling demographic processes in marked populations. – Springer, new York, 2009: 255–269.

Efford, M. G., Dawson, D. & Borchers, D. l. (2009b): Population density estimated from locations of 
individuals on a passive detector array. – Ecology 90: 2676–2682.

Efford, M. G., Dawson, D. K. & Robbins, C. S. (2004): DEnSiTY: software for analysing capture-
recapture data from passive detector arrays. – animal Biodiversity and Conservation 27: 217–228.

Efford M. G., Warburton, B., Coleman, M. C. & Barker, R. J. (2005): a field test of two methods for 
density estimation. – Wildlife Society Bulletin 33: 731–738. 

Gaisler J., Holas, v. & Homolka, M. (1977): Ecology and reproduction of Gliridae (Mammalia) in 
northern Moravia. – Folia Zoologica 26 : 213–228.

Hoodless, a. & Morris, P. a. (1993): an estimate of population density of the fat dormouse (Glis glis). – 
Journal of Zoology 230: 337–340.

ivashkina, v. a. (2006): abundance and activity of the edible dormouse (Glis glis l.) in the Zhiguli 
Mountains (Russia, Middle volga Region). – Polish Journal of Ecology 54: 337–344.

Jurczyszyn, M. (1995): Population density of Myoxus glis (l.) in some forest biotops. Hystrix (n. s.) 6: 265–271.
Jurczyszyn, M. & Zgrabczyńska, E. (2007): influence of population density and reproduction on space 

use and spatial relations in the edible dormouse. – acta Theriologica 52: 181–188.



Population density of the fat dormouse 19

Juškaitis, R. (2000): abundance dynamics of common dormouse (Muscardinus avellanarius), fat 
dormouse (Glis glis) and yellow-necked mouse (Apodemus flavicollis) derived from nestbox 
occupation. – Folia Theriologica Estonica 5: 42–50.

Juškaitis, R. & Šiožinytė, v. (2008): Habitat requirements of the common dormouse (Muscardinus 
avellanarius) and the fat dormouse (Glis glis) in mature mixed forest in lithuania. – Ekológia. 
Bratislava 27: 143–151.
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Habitat factors influencing the distribution of the hazel dormouse 
(Muscardinus avellanarius) in the Ore Mountains, Saxony, Germany 
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Abstract 
in Saxony (eastern germany) the hazel dormouse inhabits a large variety of different habitats and is 

even known from spruce-dominated forests and small isolated woodlands. We searched for evidence 
of hazel dormice in 100 study plots in Saxony and analysed what habitat factors affect the presence 
or absence of hazel dormice. as survey methods we used checking of bird nest boxes and nest tubes 
and also searches for gnawed hazelnuts and summer nests. We found hazel dormice in large coniferous 
forests as well as in small isolated deciduous woodlands. they preferred forests and smaller woodlands 
over hedgerows. distance to the next site occupied by hazel dormice, the number of woody plant species 
(especially food plants) and the altitude were statistically very important factors explaining the occurrence 
of hazel dormice. 

Keywords: common dormouse, habitat selection, isolation, species diversity, presence/
absence

1. Introduction
as an arboreal species the hazel dormouse (Muscardinus avellanarius) is strictly bound to 

woodlands (Bright & Morris 1996, Juškaitis & Büchner 2010). the hazel dormouse is usually 
associated with deciduous trees and shrubs. typical habitats described in British literature 
include ancient semi-natural forests and forest-edges with a dense understorey and high plant 
diversity (Bright & Morris 2005, Bright et al. 2006). in contrast, hazel dormice occur in pure 
spruce forests in the southern mountainous parts of Saxony in eastern germany, whereas they 
avoid coniferous forests in the lowlands of Saxony (Möckel 1996, Büchner et al. 2009). 

We aimed to find out what habitat factors determine the presence or absence of hazel 
dormice in one region of Saxony – the eastern ore Mountains.

2. Material and methods
the study was carried out from March to November 2010 in the eastern ore Mountains 

(osterzgebirge, longitude 13°27’ e, 13°39’ e; latitude 50°49’ N, 50°59’ N). it is a hilly landscape 
at the foot of a mountainous region. the area is dominated by large agricultural fields, forests, 
and smaller villages. Between the fields are some hedgerows and small woodlands, most of 
them windbreaks. Both, windbreaks and hedgerows, are characterised by high plant diversity, 
especially among the shrub species, and a dense structure. unlike hedgerows, windbreaks are 
longer and wider and also contain old deciduous trees, e.g. sycamore (Acer pseudoplatanus) 
and ash (Fraxinus excelsior). 
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the study area consisted of 100 study sites, including 38 forests, 33 small isolated woodlands 
(< 3 ha) and 29 hedgerows. as a separation between two sites we defined a distance of more 
than five metres or borders like rivers, streets or railway lines without overhanging trees. We 
have chosen the distance of five metres with regard to Bright (1998), who found out that gaps 
of six or more metres were not crossed by hazel dormice, whilst smaller gaps were easily 
crossed. 

We searched for evidence of hazel dormice by checking more than 400 bird nest boxes and 
over 1000 nest tubes. additionally we looked for summer nests in hedgerows and smaller 
woodlands and for gnawed hazelnuts where hazel was present. the nest boxes have already 
been in the study area for 25 years. therefore the numbers of nest boxes varied in different 
sites. Nest tubes were set out in groups of 50 (25 in smaller woodlands) every 20 m, as proposed 
by chanin & Woods (2003). Nest boxes and nest tubes were checked once a month between 
spring and autumn. Summer nests were searched for in late autumn. to search for summer 
nests we walked along both sides of a hedgerow or small woodland. according to Juskaitis & 
Büchner (2010) we concentrated on typical structures like dense bramble or branches of young 
trees. the method of searching for gnawed hazel nuts was adopted from Bright et al. (1994, 
2006). We only analysed presence/absence of hazel dormice. if evidence of hazel dormice was 
found with one method no other method was used. 

in forests we recorded different structural habitat factors, using up to five sample plots of 
20 m × 20 m. the number of plots depended on the size and variety of the forest. in small and 
homogeneous forests only one plot was analysed, whilst in large and heterogeneous forests 
more plots were necessary to represent the various structures of the site. hedgerows and small 
woodlands were analysed as single entities.

the habitat factors that were recorded were: 
• type of habitat (forest, small woodland, hedgerow)
• Size of study sites (ha)
• degree of isolation (distance to the next forest, distance to the next hazel dormouse 

site, distance to the next hazel dormouse site with a size of more than 20 ha, number of 
hedgerows next to the site)

• tree covering (per cent at each sample plot)
• density of understorey (per cent at each sample plot) 
• Plant species diversity (number of woody plant species, number of potential food 

plants, number of tree species and number of shrub species)
• Number of soft mast species
• hazel availability (per cent at each sample plot)
• Quality of forest edges, measured in classes between 0 (no forest edge) and 3 

(marvellous structure, high number of plant species)
• altitude
• Soil types
the correlation of habitat features with the presence or absence of hazel dormice was 

analysed statistically using Mann-Whitney-u-test, discriminant analysis and logistic 
regression (PaSW Statistics 18.0 for Windows). the Mann-Whitney-u-test was used to 
analyse the correlation between the single habitat factors and the presence/absence of hazel 
dormice. the discriminant analysis was used to group sites with and without hazel dormice. 
Before we used the logistic regression we checked for correlation with predictor variables. 
Some habitat factors contain parts of other factors (e. g. number of plant species contains 
number of tree species and number of shrub species). We only used those which do not contain 
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other factors. With the stepwise logistic regression we started analysing many habitat factors 
and step by step deleted the factors that turned out to be of no importance. With this method 
we found out what habitat factors have the highest influence on the presence/absence of hazel 
dormice. 

3. Results
hazel dormice were detected with all the survey methods used (nest boxes, nest tubes, 

hazel nuts, summer nests). evidence of hazel dormice was found in 30 of the 100 sites  
(14 forests, 14 small woodlands and 2 hedgerows). among the small woodlands were a lot of 
windbreaks. in 2010 evidence of hazel dormice was found in 10 of 12 windbreaks and in 2011 
all windbreaks were inhabited by hazel dormice (Bellmann personal communication). table 1  
shows median and mean with standard deviation of sites with and without hazel dormice. 

Tab. 1 Median and mean with standard deviation of 16 factors of sites with hazel dormouse 
 occurrence in contrast to sites without hazel dormice. 

Hazel dormouse sites Sites without hazel dormice

median mean standard 
deviation median mean standard 

deviation

site area [ha] 2  41.69  61.866 1   49.98  132.148

distance to next woodland [m] 10  26.50  56.724 10   40.10   87.539

distance to next forest [m] 14 181.23 268.991 28  123.16  180.905

distance to next forest > 20 ha [m] 116 197.07 265.792 45  157.51  228.097

distance to next hazel dormouse site [m] 10 176.53 582.742 788 1471.38 1725.478

distance to next hazel dormouse site  
> 20 ha [m] 135 324.67 642.403 1365 2027.96 2303.617

tree covering [%] 70  72.83  12.906 75   66.84   26.913

density of understorey [%] 64  59.13  29.230 75   67.03   25.626

altitude [m] 514 511.47  92.483 409  401.56   65.611

number of tree species 6   5.77   2.063 5    5.34    2.691

number of shrub species 10   9.93   4.638 9    8.90    4.060

number of woody plant species 17  18.13   4.493 14   15.12    6.775

number of food plant species 14  14.20   3.336 12   12.21    5.199

number of hedgerows next 1   0.97   0.765 0    0.66    0.840

number of soft mast species 8   8.00   2.304 7    7.47    3.098

hazel extent [%] 1   5.60  10.763 1    6.76   12.784
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With the help of the discriminant analysis, sites with and without hazel dormice could be 
distinguished. function 1 shows that altitude, distance to the next hazel dormouse site, the 
number of woody plant species and the number of soft mast plants are the most important 
factors explaining the presence or absence of hazel dormice (tab. 2). 

Tab. 2 Statistical results of discriminant analysis and Mann-Whitney-u-test (* significant, 
 p < 0.05, ** high significant, p < 0.01).

Habitat features Function 1 
Discriminant analysis Mann-Whitney-U p

altitude    0.82 **< 0.001

distance to next dormouse site   -0.688 **< 0.001

number of woody plant species    0.642 **0.002

number of soft mast species   -0.635    0.166

number of feeding plants    0.442 * 0.011

distance to next dormouse site > 20 ha    0.309 **< 0.001

number of shrub species    0.253  0.152

density of understorey   -0.247  0.204

site area   -0.222  0.192

number of tree species -0.22  0.257

distance to next forest   -0.149  0.774

number of hedgerows next    0.146 *0.037

distance to next forest > 20 ha   -0.129  0.852

distance to next woodland    0.111  0.888

hazel extent   -0.068  0.821

tree covering   -0.047  0.928

the binary logistic regression showed that altitude, number of plant species and the distance 
to the next dormouse site of more than 20 ha are influencing factors on the distribution of hazel 
dormice, whereas the other factors do not have a high influence (tab. 3). 

Tab. 3  results of logistic regression. three variables turned out to have a significant influence on 
 the presence or absence of hazel dormice. 

Habitat features 
(variables in the model) b Wald df sig exp(B)

altitude  0,013 10,127 1 0,001 1,013
distance to next dormouse site 
> 20 ha  0,176  9,487 1 0,002 1,192

number of plant species -0,001  6,537 1 0,011 0,999

constant -8,564 15,004 1 0,000 0,000
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the size of the sites was not correlated with the presence of hazel dormice. hazel dormice 
were found in large forests as well as in very small woodlands. More than half of the hazel 
dormouse sites were smaller than 15 ha. 

the distance to the next hazel dormouse habitat and the next large hazel dormouse habitat 
(> 20 ha) was correlated with the presence of hazel dormice with high significance (p < 0.001). 
More than 80 % of the sites were closer than 500 m. for 60 % of the hazel dormouse sites the 
distance to the next inhabited site was less than 20 m and half of the hazel dormouse habitats 
were closer than 10 m to the next site (fig. 1). But hazel dormice were also found in small 
isolated woodlands. 

tree cover and density of understorey were not correlated with the presence of hazel 
dormice. Places with a dense understorey seemed to be preferred, but hazel dormice were also 
found in places with hardly any shrubs at all. 

the presence of hazel dormice depended on the number of woody plant species (p = 0.002). 
for hedgerows and small woodlands it was highly significant (p < 0.001). the number of 
potential food plants was also related to the presence of hazel dormice, especially in hedgerows 
and small woodlands (p < 0.001, fig. 2). in all hazel dormouse sites at least 12 woody plant 
species and 9 potential food plant species were essential. 
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Fig. 2  Number of woody plant species in sites with and without hazel dormice.

Fig. 1 distance to next site with hazel dormice in places with and without hazel dormice. Sites without
hazel dormice
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hazel dormice lived in coniferous and mixed forests as well as in deciduous small woodlands 
and hedgerows. deciduous woodlands dominated by sycamore and ash formed 43 % of hazel 
dormouse sites (tab. 4). however, almost all hazel dormouse sites in forests were dominated 
by spruce (Picea abies). Spruce forests with several deciduous tree species present were the 
second favoured biotope type (40 % of sites with hazel dormice). thus, important tree species 
were spruce, ash and sycamore. 

Tab. 4  types of biotopes in sites with and without hazel dormice.

Type of biotope Hazel dormouse sites [%] Sites without hazel dormice [%]

pure spruce forest 7 4

spruce-dominated forest mixed 
with deciduous trees 40 22

beech forest 0 3

oak forest 0 1

maple forest 0 4

deciduous woodlands dominated 
by sycamore and ash 43 7

wetland scrub 3 16

small coniferous woodland 0 3

hedgerow (deciduous) 7 38

in hedgerows and small woodlands the number of soft mast species was positively correlated 
with the presence of hazel dormice (p = 0.038). important shrub species were bramble (Rubus 
fruticosus agg.), black elder (Sambucus nigra), raspberry (Rubus idaeus) and glossy buckthorn 
(Frangula alnus). hazel (Corylus avellana) was growing in many hazel dormouse sites, but 
was not obligate for the presence of hazel dormice. 

about 60 % of hazel dormouse sites were characterised by a well-structured forest edge. in 
forests without a good forest edge no hazel dormice could be found. 

the altitude was highly correlated with the presence of hazel dormice (p < 0.001). hazel 
dormice were found in places between 360 m and 632 m. 

the favoured soil type was brown earth (69 %), whereas wet soils, such as gley soils and 
planosols seemed to be avoided as none or only very few hazel dormice were detected on those 
soil types (tab. 5). 

4. Discussion 
Within its range the hazel dormouse lives in forests as well as in small wood copses 

(Juškaitis & Büchner 2010). in the northwest of the range they also use hedgerows (Bright 
& MacPherson 2002, ehlers 2009). in the study area hazel dormice live in forests, small 
woodlands (including windbreaks) and hedgerows. Windbreaks that combine the features of 
woodlands and hedgerows are especially favoured. With a dense and diverse understorey and 
old deciduous trees, windbreaks offer optimal hazel dormouse habitats with safe nest sites and 
good feeding conditions. 
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Tab. 5  Soil types in sites with and without hazel dormice.

Soil types evidence of hazel dormice [%]

brown earth 69

alluvial gley soil 7

colluvisols 6

brown earth podzol 5

slope soil brown earth 3

gley planosols 3

planosols 2

gley-vega 2

slope planosols 1

brown earth planosols 0

regosol 0

low moor 0

para brown earth 0

stagnogley 0

planosol brown earth 0

Bright et al. (1994) assume that 20 ha is the minimum size to support a viable hazel 
dormouse population in isolated woods. in our study region lots of small isolated woodlands 
(< 3 ha) are inhabited by hazel dormice and half of all hazel dormouse sites in the study area 
are smaller than 25 ha. hence the size of a site does not seem to correlate with the presence of 
hazel dormice. however, statistical analyses show that the distance to the next hazel dormouse 
site is a very important factor explaining the distribution of the hazel dormouse in the study 
area. With help of logistic regression we found out that the distance to hazel dormouse sites 
of more than 20 ha is one of the most important factors. the majority of hazel dormouse sites 
are situated closer than 20 m from the next wood or hedgerow with hazel dormice and all 
hazel dormouse sites are close to large forests with a size of more than 20 ha. therefore, the 
viability of hazel dormouse populations in small woodlands and hedges seems to be related to 
the existence of large forests in the surroundings. however, a few hazel dormouse sites in the 
study area are isolated by about 400 m from the next forest. this proves that hazel dormice are 
able to travel comparatively large distances over open ground (Büchner 2008, keckel 2010). 

Many authors underline the importance of a dense understorey for hazel dormice (görner 
& henkel 1988, vilhelmsen 1996, Juškaitis 1997, Berg & Berg 1998, Bright et al. 2006). 
although many hazel dormice were found in dense scrub, the statistical results of this study 
could not prove a significant relation between understorey density and the presence of hazel 
dormice. hazel dormice were likely to be found in places with dense scrub, but also in places 
without a dense understorey. the density of tree cover does not seem to play any role at all. 

the number of woody plant species and those which potentially offer food are very 
important factors explaining the presence of hazel dormice in the area investigated. this 
corresponds with data from elsewhere (Bright & Morris 1990, 1996, Berg & Berg 1998) 
and is similar to the results of ehlers (2009) who found 12 or more woody plant species in 
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hedges where hazel dormice live. at least 12 woody plant species were a prerequisite for the 
presence of hazel dormice in all sites of our study area. among them the number of potential 
food plants plays an important role because hazel dormice are specialised feeders needing 
a diverse food supply during the active season (Bright & Morris 1996). in contrast, eden 
(2009) suggests that the hazel dormouse can adapt to different food situations and insect food 
is as important as plant food.

although hazel dormice are usually associated with deciduous trees, they sometimes occur 
in conifer-dominated forests (Bright 1995, Juškaitis 2007) and in the study area they appeared 
to thrive in coniferous forests dominated by spruce. all of the inhabited small woodlands in 
the study area are deciduous woodlands, dominated by sycamore or ash with a high diversity 
of shrub species. this indicates that some microstructures may occur within spruce-dominated 
larger woodlands ensuring the survival of the hazel dormice, although it is hard to imagine 
what they eat during the whole season in pure spruce stands.

hazel dormice are likely to be found in species-rich and well-structured forest edges and 
overgrown clearings (görner & henkel 1988, Bright & Morris 2005, foppen et al. 2007, 
Juškaitis & Büchner 2010) and this is also supported by the current study. 

according to discriminant analysis and logistic regression, the altitude was one of the best 
factors explaining the presence of hazel dormice in the study area. as the hazel dormouse 
appears within its range from low to high altitudes (Juškaitis & Büchner 2010), the altitude 
is probably correlated with other factors such as tree species diversity. Soil types may also 
influence habitat choice by the hazel dormouse as van laar (1984) showed in the Netherlands. 
in the study area hazel dormice preferred sites on brown earth. Wet soils seemed to be avoided 
probably because of problems with safe hibernation sites on the ground. according to Bright 
& Morris (1996) hazel dormice usually occur on calcium-rich and neutral soils but avoid acid 
and sandy soils. they suppose that soil types may influence habitat selection of the hazel 
dormouse, because of their effect on food quality and quantity. also Juškaitis (2007) assumes 
that the presence of the hazel dormouse indirectly depends on soil fertility, because fertile 
soils are responsible for high plant diversity. Maybe further investigations could find out more 
about the importance of soil types to the hazel dormouse. 

We are aware that there may be a spatial autocorrelation, but it was not possible to check this 
in the current study. further analyses are planned to check for spatial autocorrelation. 
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Hazel dormice in British conifer forests and their ecology in a pine 
plantation during restoration to broadleaf

RogeR TRouT, SaRah BRookS & PhIL RudLIn

Abstract 
after decades of monitoring and research restricted to broadleaved woodland, the first survey 

of government owned conifer woodland in the uk identified many inhabited by dormice. nestbox 
monitoring of 20 conifer sites revealed at least half reported dormouse in any one year, mainly living in 
areas with a shrub component. Thus when conifer forest operations are planned there are implications 
for the legally protected hazel dormouse. In order to identify options for managing the replacement of 
conifer woods by broadleaved trees, dormice were monitored and individually marked on one 12 ha 
conifer Planted ancient Woodland Site (PaWS) from 2000 onwards. In four defined areas a different 
thinning pattern for the first phase (of 3 phases) of restoration towards natural broadleaved forest was 
carried out in 2003. The different effects on population numbers, the damage to artificial hibernation 
nests, and regeneration of habitat are reported. dormice were recorded in each area after the management 
operations. The results of this study in relation to population dynamics, nestbox usage, effect of woodland 
management on hibernation nests and suitable habitat during this first phase are discussed.

Keywords: management, microchip, hibernation nest, nestbox, survival

1. Introduction
The nocturnal common, or hazel, dormouse (Muscardinus avellanarius) is a european 

protected species considered at risk during management operations in small forest areas that 
are typical in the uk (Bright & Morris 1996). until 2000, dormice in the uk were reported 
to typically reside in hazel coppice stands with only occasional records in other habitats such 
as mature woods, hedgerows, scrub (Bright & Morris 1989, Morris 2004) but rarely conifer 
(Bright & Morris 1996). This is in marked contrast to mainland europe where reports from 
sites primarily containing conifer were common (gaisler et al. 1977, Möckel 1988, kryštufek 
& Petkowski 1990, reviewed in Juškaitis 2008) 

Conifer woodland is deemed generally a less suitable habitat and dormouse densities are 
generally low. In accordance with the eu habitats directive and the uk Wildlife & Countryside 
act, dormouse populations must thus be considered especially vulnerable during management 
of conifer plantations (Bright et al. 2006). Current uk forest restoration policy aims to bring 
back some of species-diverse habitats characteristics (Peterken 2001) and entails the gradual 
removal of conifer Plantations on ancient Woodland Sites (PaWS) and replacement by 
native broadleaf species (harmer & kewitt, 2006). Forest management operations to restore 
broadleaf from conifer PaWS may therefore be hazardous to dormice populations and felling 
operations may cause local extinction (Sanderson et al. 2004).

The objective of this study is to determine whether dormice are present in conifer PaWS 
sites, whether they live there and if so, to develop realistic conifer plantation management 
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strategies that enable existing dormouse populations to be maintained (Sanderson et al. 2004, 
Trout & Brunt 2006). PaWS management is frequently anticipated to require 3 phases of 
conifer withdrawal each of c. 33 % of the original crop, taking c. 15–20 years to complete, 
although other options are under investigation (harmer & kewitt 2006). 

The aims of this research are: 
i) To confirm from a wide scale survey that hazel dormice are present in conifer PaWS sites. 
ii) To test by monitoring (with nest-boxes) the continuous presence of dormice within 
conifer PaWS sites (as opposed to only using the edges).
iii) To determine any general local habitat features associated with dormouse presence in 
conifer plantations.
iv) To examine the impact of different PaWS restoration techniques during the first phase 
(of 3) on a local hazel dormouse population and the subsequent regeneration of suitable 
natural habitat.

2. Material and methods
2.1. Surveys of hazel dormouse presence in conifer forests
Commencing in 2000, information on the presence of dormice in conifers was collected 

at three levels. Firstly, Forestry Commission wildlife rangers were asked to provide 
locations where they knew evidence existed or could find evidence of dormice in conifer or 
mixed conifer-broadleaved plantations. evidence included the animal, their nests or eaten 
hazelnuts. Secondly, local Forestry Commission rangers identified 20 PaWS sites with a 
range of conifer species and age classes where we believed dormice might be present in the 
locality. These sites were situated across southern and mid england and Wales within nine 
of the nineteen 100 km national oS grid squares in the uk that contain dormice. Fifty nest-
boxes were monitored within each site for 3–7 years. Finally, a standardised horizontal and 
vertical vegetation survey round each tree with a nestbox (canopy, shrub and ground cover 
measured in a ‘cylinder’ of 5 m radius) at each site was made. Logistic regression analysis 
was used to test whether the probability of finding dormouse presence was significantly 
affected by the vegetation density index.

2.2. Population dynamics following experimental thinning on a single, unreplicated site
Monitoring was undertaken from 2000 on a twelve ha conifer PaWS compartment 

encompassed by a hard track in Wyre Forest, Worcestershire, owned by the Forestry 
Commission. The canopy was primarily unthinned Corsican pine (Pinus nigra), originally 
planted at 1.5 × 2 m spacing and replacing a broadleaved woodland felled in 1979. Scattered 
broadleaved trees remained. The site was divided into four experimental study areas (areas 
1–4) of approximately 3 ha. a third of the conifer trees were removed in each area using 
different treatment methods in early winter 2003. all logs were removed by a motorised  
forwarder with a hydraulic grab. Since silvicultural management of conifers is a requirement 
for economic production, a ‘no management’ area was not appropriate in this case.

2.2.1. Area 1. Hand felling of small groups 
hand felling of access racks [a complete row of trees removed to assist access for machinery] 

and small ‘group-fells’ of 12 × 14 trees every 75 m, using chainsaws. Thinning of one row of 
trees either side of the rack by 33 %. 
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2.2.2. Area 2. Mechanised small group-fells 
Felling as above using a mechanised harvesting machine with a 3 row reach. 

2.2.3. Area 3. Standard mechanised thinning
use of mechanised harvester removing access racks and thinning by 30 % for all other rows. 

2.2.4. Area 4. Mechanised large group fells
use of a harvester to create two well separated clear fells of 0.35 ha each. This comprised 

33 % of all trees within the area.
In every area the operators were asked, as far as practicable, to fell trees away from the 

unfelled matrix to reduce the area with ground disturbance.
350 nest boxes had previously been erected in a grid of approximately 20 × 25 m across the 

site. Boxes were inspected monthly in each year from april to november for dormice. 8 mm 
PIT tags (Passive Integrated Transponder, Pet-Id Ltd.) were used (under licence from natural 
england) for the first time in wild dormice in the uk. after inserting the tag (subcutaneously, 
posteriorly between the scapulae) we could identify each individual by using a hand held 
scanner. Population estimates for the whole site were constructed, including a calendar of 
captures showing the number of animals ‘known to be alive’ at any one time even if they 
were not caught again for several months, or even years. The maximum number of animals 
caught in any one month was used to compare annual population density between the different 
treatment areas because the data included animals moving between adjacent treatment areas. 

2.3. Monitoring of ground disturbance using artificial hibernation nests
artificial hibernation nests placed in a grid were used as a measure of ground disturbance 

during felling because hibernation nests are very time consuming to find and occur at a very 
low density (2–5/ha). natural hibernation nests are approximately 7–10 cm in diameter (Vogel 
& Frey 1995). oasis balls (as used by florists) made of brittle plastic foam were used because 
they are easily damaged or crushed. Twelve stratified randomly placed grids of balls (7 cm 
diameter and spray-painted pink) placed 1m apart were set up in each study area (equivalent 
to 10,000/ha) to provide a standardised assessment for damage. For areas 1, 2 and 3, grids 
consisted of 24 balls (4 × 6) from the felling rack into the matrix. Larger grids were used in 
area 4 (42 balls in a 6 × 7) to cover all the ground between the racks. The balls were placed 
partly into the litter layer to mimic natural dormouse nests and a mark made on the top of each 
ball to indicate any subsequent change in position. after the felling operations a careful search 
was made to determine those that were damaged (recorded as zero, slight or heavy (< 20 %), 
broken, squashed or moved from their original positions). The number of damaged balls in the 
racks, the felled portion, the thinned portion and the unmanaged portion appropriate to each 
treatment was recorded. It was assumed that any ball that could not be located after felling and 
log removal was crushed, moved some distance or otherwise damaged by men or machines. 
They were assumed to be sufficiently heavily damaged to represent a significant threat to a 
hibernating dormouse. We calculated, using the relative proportions of rack felling, thinning 
and no-operations, a ‘proportion of nests badly damaged’ figure for the whole of each area to 
determine whether any treatment was better or worse overall. 

2.4. Measure of regeneration of suitable habitat in each study area
In summer 2008, five years after the removal of the conifers, the amount of natural regeneration 

of vegetation (herbs, shrubs and saplings) was measured in each area. a checkerboard with 
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0.5 m sides, containing 16 red or yellow squares of 12.5 cm sides, was used to estimate 
vegetation density. Forty sets of measurements were taken from each of the four areas, 20 
from the managed section and 20 from the un-managed section, giving a total database of 160 
measurements. Counting the visible squares on the checkerboard provided a lateral estimate 
of the percentage cover by vegetation. For each of the 160 sets of measurements, the assessor 
measured the vegetation density (the percentage of the chequerboard obscured by vegetation) 
at four distances from the checkerboard (5 m, 10 m, 15 m, 20 m) and centred at two heights (1 m 
and 2 m). The data were then analysed specifically to compare vegetation density between the 
cleared and un-cleared sections and between areas using analysis of covariance (anCoVa). 
The anCoVa produces complex models because it takes into account the vegetation at 4 
different distances from the chequerboard at 2 different heights, in 4 treatment areas and 
in managed/unmanaged sections – and both the differences between these variables and the 
difference between the interaction of these variables. 

3. Results
3.1. Surveys of hazel dormouse presence in conifers
120 sites in government conifer forests reported the presence of dormice, representing in 

2003 approximately an additional 10 % to the total of all known sites with dormice in Britain. 
The survey involved only a small proportion of Forestry Commission land in the southern 
half of england and Wales but the result infers that dormice are widely distributed in conifer 
plantation woodlands.

of the 20 conifer or conifer/broadleaf sites with nestbox monitoring, 15 had evidence of 
dormice during the 7 years, though often only approximately half reported animals in any 
single year. older conifer woods that had been thinned throughout at least twice did not 
have dormice. Records for 20 sites showed no statistically significant evidence that dormice 
favoured nestboxes attached to particular species of trees. 

Site based vegetation density was not a significant factor affecting dormouse presence 
(p > 0.1) and could be omitted from the main analysis. Figure 1 shows how increasing 
vegetation cover relates to dormouse presence in 1000 nestboxes. The logistic regression 
analysis shows that the probability of dormouse presence very significantly increases 
with increased horizontal vegetation cover in the shrub layer (z = 5.501, p < 0.001) and 
significantly in the field layer (z = 3.037, p = 0.0024, p < 0.01). There was no significant effect 
of vegetation cover in the canopy layer on the probability of dormouse presence. only the 
shrub layer produced significance (p < 0.001) from analysis of the vertical vegetation aspect. 

despite 44 % of the 1000 boxes being on trees with < 10 % shrub cover surrounding, almost 
none of these boxes were occupied. In contrast, boxes sited in areas with increasing levels 
of shrub cover had higher occupancy values. Whilst the logistic regression models show a 
significant increase of dormouse presence with increasing vegetation cover in both these 
layers, it does not completely fit the data for shrub layer vegetation at 80 %+ cover. although 
there were only a very small number of points (8) in this category this means that we cannot 
fully justify an increasing probability of obtaining dormice in shrub cover in excess of 80 %. 
nevertheless, the model demonstrates the practical principle of increasing shrub vegetation 
having a significant effect on our finding dormice in a nestbox, as we had predicted. The trend 
in data from the field layer indicates a higher chance of finding dormice only when the field 
cover index is over 60 %. 
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3.2. Population dynamics following experimental thinning on a single, unreplicated site
dormice were found in each of the four areas before and throughout the experiment. Some 

microchipped animals were found in more than one experimental area. The overall site 
population estimate from microchipping is shown in Figure 2.

nestbox occupancy and the numbers caught rose the year after thinning then numbers 
declined a little. Records were principally (98 %) of single animals using nestboxes, unlike 
Juškaitis (2008) who found 20 % of nestboxes occupied by multiple animals, including litters. 

Fig. 1 Relative frequency of dormice per box found in different types of vegetation cover for the 
 field, shrub and canopy layer.
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examination of the microchipping data revealed that the number ‘known to be alive’ was 
approximately 2–3 times the number found during nestbox checks, see Figure 3. The data 
indicated that 54 % of individuals were handled more than once. Individual dormice were 
captured up to 11 times, though the longest recorded (63 months) was found only 5 times. 

The estimated density after felling varied across the four areas and from year to year from c.  
1/ha to 2.5/ha. a two-way anoVa (excluding outliers) showed that this was not statistically 
significant across treatments (F3, 23 = 1.27, p = 0.304), partly because of small numbers of 
dormice found on the 3 ha areas and the lack of experimental site replication. 

Fig. 3 estimated numbers of dormice on the whole site using actual captures [dotted line], those 
 known to be alive post-weaning [continuous line] and those known to be alive backdated to  
 birth [dashed line].

Fig. 4 age distribution of 221 dormice based on the PIT tag information.
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The monitoring data confirm the advantage of the first long term use of PIT microchips 
for wild hazel dormice in the uk as a benign method for marking, since known longevity 
of the marked individuals (Fig. 4) was similar to that of Juškaitis (2008) in Lithuania, who 
used leg rings. 

3.3. Monitoring of ground disturbance using artificial hibernation nests
damage to artificial hibernation nests was greater (70 %, p < 0.01) in area 3 (full thinning 

treatment) compared to area 1 (mini group-fell). although area 4 (large group fell) showed 
the greatest level of damage to artificial hibernation nests within the managed area (95 %), 
approximately two-thirds of this sector remained un-managed and provided a refuge for 
(hibernating) dormice, so it recorded the least damage overall (p < 0.001). 

3.4. Measure of regenerating suitable habitat
The anCoVa produced complex models because it took into account vegetation density 

at 4 different distances from the chequerboard at 2 different heights, in the 4 treatment areas 
and in thinned/unmanaged sections – and both the differences between these variables and the 
difference between the interaction of these variables. although this analysis concentrated on 
examining the difference between cleared and uncleared sections of each area, the model took 
into account the other variables included above where they explained variation in vegetation 
density. The anCoVa analysis showed that area 3 had a significantly lower density of 
regenerating vegetation 5 years after the thinning (t = 4.995, p < 0.001) than average. on 
the other hand area 4 had the greatest overall density of regenerating vegetation (t = 2.486, 
p = 0.0131, p < 0.05). 

4. Discussion
The survey results confirm that dormice make use of conifers and may be expected to occur 

in many (especially in young) conifer or conifer mixed forests across their known uk range – 
as has been accepted in mainland europe for many years. however, older conifer plantations 
receiving multiple thinning operations, and especially the removal of all broadleaves during 
thinning, have very poor expectation of having dormice resident within them (Trout et al. 2012). 

nestbox monitoring in conifers indicated that whilst c. 75 % of 20 sites recorded presence at 
some stage over a 7 year period, only about half recorded dormice in any particular year. This 
both suggests a low density, which may not be found continually in the traditional nestbox 
scheme, and also cautions against making decisions based on apparent ‘absence’ with only  
1 or 2 years of data. 

The key result from the 4 experimental treatments for removal of pines from a single 
plantation was that dormice continued to be found in each area. extrapolation more widely 
is hampered by the fact that this was an unreplicated experiment. a no-felling regime is not 
an appropriate management regime for uk conifer plantations, so was not formally included. 

Microchipping dormice indicated an apparent density of 1–2.5 dormice per ha, lower than 
the 3–5/ha in traditional broadleaved habitat in the uk. This long term study has also indicated 
for the first time in the uk the suitability of small PIT microchips for wild hazel dormice, 
since both the dormouse recapture level (54 %) is at least as high than the results using other 
methods of marking e.g. Juškaitis (1997) indicated 46 % for leg ringing. Tatman (pers. com.) 
reported 28 of 70 (40 %) wild dormice ear tattooed were recaptured. overall dormouse 
longevity was also similar.
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ground disturbance to dormouse hibernacula, as measured by damage to fragile plastic balls 
indicated that traditional overall thinning of conifers, as often practiced in the uk, was most 
destructive whilst small group fells or well spaced group fells caused less apparent loss of 
[artificial] hibernation nests. Regeneration of dormouse friendly vegetation following thinning 
was also least in the traditionally thinned area and so this method of conifer withdrawal during 
the first phase of PaWS restoration should not be the preferred option in areas with dormice. 
Subsequent regrowth in mini-group-fells and larger fells provided good regenerating habitat 
and had relatively acceptable levels of hibernacula damage (since only one third of the area 
was managed at a time) and it is suggested that choosing these management forms are most 
desirable (if other site factors allow) where dormice may be present. It would be interesting 
to gather equivalent artificial hibernacula data for traditional hazel coppicing to compare with 
our conifer thinning. 

Monitoring of this dormouse population has continued after the second phase of conifer 
removal in 2009 ahead of the final phase to achieve the projected removal of 90 % of the 
original conifer crop. The lack of replication brought about by constraint of the budget should 
be addressed. an experimental larger scale clearfell in the presence of dormice is in the 
planning phase after the first experiment suffered a complete cessation of post felling funding.

overall, the current results suggest that managers have some latitude in devising pragmatic 
conifer felling regimes – if carried out in the correct season and at a small scale within a forest 
(Trout et al. 2012) – so as not to cause sustained or widespread damage to a local dormouse 
population which would contravene the protective legislation. Preliminary management 
guidelines may or may not alter when further information is obtained during the next few 
years. 
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The importance of hedgerows for hazel dormice (Muscardinus 
avellanarius) in Northern Germany

Sina EhlErS

Abstract 
in the south eastern part of Schleswig-holstein (northern Germany), numerous nests of hazel 

dormice Muscardinus avellanarius could be found locally in hedgerows within a few hundred meters. 
it seems that the qualities of hedgerows and the proportion of woodlands in the immediate surroundings  
(≤ 500 m) of where dormice occur may influence local dormouse abundance. Given sufficient shrub 
diversity, dormice use hedgerows throughout the growing season and even establish viable populations in 
them: at least 12 woody plant species should occur in hedgerows to encourage hazel dormice.

Keywords: shrub diversity, surrounding landscape, Schleswig-holstein 

1. Introduction
The hazel dormouse (Muscardinus avellanarius) is the only species of dormice in Schleswig-

holstein, the most northern state of Germany. Only 10 % of the State is woodland, therefore 
dormice are mainly dependant on the 45,000 km hedgerow network as dispersal corridors 
and habitats. in the past, studies about the habitat requirements of dormice in northern 
Germany have mainly been carried out in larger woodland areas (e.g. Quast 2001, Bollwahn 
2003), so there is little knowledge about the demands of dormice in the linear, more or less 
isolated hedgerows. also the current recommendations of the Federal agency for nature 
Conservation to monitor hazel dormice and to classify their conservation status with regard to 
the Fauna-Flora-habitat Directive depend essentially on woodlands as habitats. Furthermore, 
little has been published on dormice in general for Schleswig-holstein (e.g. roeßler 1952, 
Bollwahn 2003), so that knowledge about the dormouse and its distribution is still very new 
and incomplete. Thus, evidence of dormice in many hedgerows and woodland edges in the 
main distribution area (south eastern part of the state) raised numerous questions about the 
importance of hedgerows, woodlands and especially of the combination and densities of both 
habitat types for dormice.

against this background, the principal aims of this study were (i) the detection of dormice 
in new locations and (ii) to determine the most viable hedgerow habitats for dormice by 
evaluating the composition of hedgerows in five study sites with different proportions of 
hedgerows and woodlands, as well as the densities of the nearby hedgerows and woodlands. 
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2. Material and methods
The underlying hypothesis of this study is that the presence and distribution of certain 

landscape structures (in this case woodlands and hedgerows) influences the occurrence and 
distribution of hazel dormice: an area with interspersed or nearby woodlands with a coherent 
network of hedgerows is classified as a ‘very suitable dormouse habitat’. Due to a decreasing 
proportion of woodland and hedgerow density, the classification decreases to ‘not suitable’. 
Thus, five study sites with different proportions of these landscape structures were identified 
using a Geographic information System (arcMap 9.3), so that the assumed different habitat 
suitability for dormice could be tested for these sites at different scales (Tab. 1). The parameters 
used to assist in the identification process include soil type, woodlands, hedgerow density, 
road density, railway networks, surface water bodies and rivers.

a total of 503 nest tubes were put up in June 2008, spaced at about 15 m intervals (Site a: 
120, Site C: 150, Site D: 133 and Site E: 100). The nest tubes were retrieved at the end of 
november 2008 after five visits. in order to get an additional location with a high hypothetical 
habitat suitability for dormice, a further 196 nest tubes were also deployed at the end of 
September in study site B (Tab. 1., the results from this site were separately analysed). The 
nest tubes were inspected once every month. Within each of the five study sites all surveyed 
hedgerows and wood edges were mapped up to a length of ≤ 500 m; the percentages of the 
height and width classes [m], number and extent of gaps, the density of tree, shrub and herb 
layer [%], the degree of isolation, the total number of woody plant species was recorded. 
additionally to this 9 components 19 further were recorded.

Based on a classification of hedgerows by Müller (1989), the quality of all mapped 
hedgerows was evaluated from 1 (very good) to 5 (poor); but due to the low number of 
hedgerows of the best quality 1 (very good), the categories ‘1’ and ‘2’ were merged into 1 + 2  
(very good to good) (Tab. 2).

The landscape structure of the five study sites was then analysed within a 3 km and a 500 m 
radius, focussing on: hedgerow density in general, the density of the hedgerows of different 
qualities and proportion of woodland using a Geographic information System (arcMap 9.3). 
These sizes were based on published accounts of the longest measured dispersal distance of 
hazel dormice during the active period, as well as to the total distance travelled per night in 
hedgerows (Bright & MacPherson 2002, Schulze 1987 cited in Büchner 2008).

Tab. 1  The five study sites with different proportions of hedgerows and woodlands.

Study site Landscape structure Denotation Size [ha] Assumed habitat 
suitability for dormice

Thürk very high hedgerow density, 
nearby woodlands a 34.5 very high

Bebensee high hedgerow density smaller 
nearby woodlands B 85.9 high

Bad Segeberg very high hedgerow density /
without woodlands C 29.5 medium

Gnissau isolated hedgerows nearby 
woodlands D 62.2 low

Krumbeck isolated hedgerows /isolated, 
small scaled woodlands E 37.7 very low
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Tab. 2 Classification of the hedgerow qualities.

Quality class Condition Shrub layer 
[%]

Damage 
(e.g. 

damaged 
earth bank)

Earth bank

Height [m] Width [m]

1+2 ‘very 
good to good’

completely maintained, well 
managed, no gaps 80–100 no or 

negligible ≥ 0.7 2.0–4.0

3 ‘moderate’ completely maintained, moder-
ately managed, no or few gaps 60–80 medium 0.3–1.0 1.5–3.5

4 ‘sufficient’
clearly incomplete and inter-
rupted, vegetation is gappy and 
fragmentary

40–60 frequent 0.3–1.0 
various 1.0–3.0

5 ‘poor’
preserved over long distances, 
but often fragmentary, not well 
maintained, tree lines, vegetation 
is gappy or absent

10–40 frequent 0.2–1.0 
various 0.8–3.0

3. Results
Within the inhabited hedgerows of the five study sites we recorded between 0.1–2.0 free 

hanging nests per 100 m and 1.2–5.5 nests of hazel dormice per 100 m in the nest tubes. 
Breeding nests were found in shrubs as well as in the nest tubes. More than half of the free 
hanging nests (54 %) were detected in blackthorn (Prunus spinosa), followed by bramble 
(Rubus fruticosus agg.); 3 were also in hawthorn (Crataegus sp.) and one within poplar 
(Populus sp.) and reed (Phragmites sp.) respectively. The most dormouse nests per 100 m 
were recorded in the study sites a and B, where 64 % and 53 % of the surveyed hedgerows 
were inhabited by hazel dormice. Site C was intermediate with 30 % inhabited hedgerows. The 
least dormouse nests were registered in the study sites D and E (29 and 25 %). 

nest tube occupation by the hazel dormouse was highest in October / november. 
3.1. Importance of the hedgerow structure
The study area is characterised by blackthorn-hazel-hedgerows. apart from these dominant 

species, bramble, honeysuckle (Lonicera xylosteum) and hawthorn are also common; with 
other woody species often intermixed. Based on a Principal-Components-analysis, there were 
no significant trends concerning the detailed species composition of hedgerows and woodland 
edges for hazel dormice, because of the similar composition of sites. 

analysis of the relationship between the 28 recorded habitat components and the presence 
of dormouse nests resulted in a significant correlation regarding the number of woody plant 
species (Kruskal-Wallis-Test, p = 0.04, Min.: 9 Max.: 19), but only 1.5 plant species make 
the difference, whether dormice are present or not. hence, at least 12 woody plant species 
should occur in hedgerows to encourage hazel dormice. There were no further significant 
correlations between characteristics of the hedgerows/wood edges and hazel dormouse 
occurrence. however, clearly more hedgerows within the lowest quality class 5 (poor) were 
unoccupied; there were no significant differences between the quality classes of hedgerows 
with and without hazel dormouse evidence (p = 0.1467). in addition, the mapped woodland 
edges and hedgerows of category 3 (moderate) were more often inhabited than unoccupied 
by dormice (Fig. 1). The analysis of dormouse abundance and defined hedgerow qualities 
resulted in no significant correlations (p = 0.4709).
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3.2. Importance of the surrounding landscape structure
analysis of the surrounding landscape structure resulted in a negative correlation between 

the hedgerow density of the larger scaled 3 km-buffer zones and the number of detected 
dormouse nests per 100 m (r² = 0.661): The higher the hedgerow density of the buffer, the 
fewer dormouse nests were recorded within the study sites. in addition, there is also a clear 
difference concerning the amount (m2) of woodland per hectare in the surrounding area. The 
region around site D, with 24 m²/ha has much more woodland than the other sites and the 
landscape around a and B is in comparison only sparsely wooded within a radius of 3 km (Fig. 2).  
also, the majority of hedgerows in the larger scaled 3 km-buffer zone of site a, the site with 
the highest amount of dormice evidence, was classified as 5 (poor). 

Fig. 1 number of hedgerows / wood edges (≤ 500 m sections) of different quality classes with 
 and without occurrence of hazel dormouse (Muscardinus avellanarius) (within the nest 
 tubes and free hanging nests; without site B, p = 0.1467).

Fig. 2 hedgerow density (m/ha) and proportion of woodland (m²/ha) within the 3 km-buffer 
 zones of the five study sites. numbers: Evidence of hazel dormouse (Muscardinus 
 avellanarius) per 100 m in core site.
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Within the smaller scaled 500 m-buffer zones of the study sites with the least evidence of 
dormice, sites D and E, the hedgerows classified as the worst are most frequent; furthermore, 
hedgerows of the best quality class are rare. On the contrary, the hedgerow network in 
the vicinity of sites a and B, the study sites with the most dormice evidence per 100 m, is 
characterised by hedgerows of the highest quality class, and those of the lowest category 
are uncommon. Due to the separation by a village, study site a is divided into two sub-areas  
(a1 and a2) in this smaller scaled analysis (Fig. 3). The surrounding landscape of sub-area 
a2, the site with clearly the most dormice evidence indeed shows the lowest hedgerow density 
(49 m/ha), but this buffer zone is also marked by the largest proportion of woodland area 
(9389 m²/ha) (Fig. 3). The site with the mean number of recorded dormouse nests, site C, is 
characterised by the highest hedgerow density within the 500 m-buffer (108 m/ha); but this 
is also the region with the lowest proportion of woodland (147 m²/ha). The surrounding area 
of site E, in which only a small number of dormouse nests could be found at the end of the 
active season, displays a relatively good hedgerow density, but the percentage of forest is 
comparatively very low (Fig. 3).

4. Discussion
The results of this study show that at least 12 woody plant species (including tree species) 

have to occur in hedgerows of Schleswig-holstein to provide a suitable dormouse habitat. 
according to several British surveys (e.g. Bright & MacPherson 2002, Bright & Morris 2006), 
hedgerow shrub diversity was also an important correlate of dormice density, although other 
components like hedgerow height were also correlated with dormouse abundance. Chanin 
& Woods (2003) observed for example, that on average 12.9 woody species were found 
in occupied hedgerows. The number of recorded hazel dormice nests per 100 m confirms 
the prior assumption of habitat suitability for dormice in the five study sites. The negative 
correlation between the hedgerow density of the larger scaled 3 km-buffer zones and the 

Fig. 3 hedgerow density (m/ha) and proportion of woodlands (m²/ha) within the 500 m-buffer 
 zones of the five study sites. numbers: Evidence of hazel dormouse (Muscardinus 
 avellanarius) per 100 m in core site.
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number of recorded dormouse nests implies that neither the presence of larger woodlands, 
nor a high hedgerow density have a great influence on dormice abundance sampled in all five 
small specific localities between 30 and 86 ha. On the other hand, the smaller scaled analysis 
of the landscape structure within a 500 m-buffer zone seems to have a greater influence on 
local dormouse populations. These results indicate a correlation between dormice occurrence 
and the qualities of the surrounding hedgerows. Perhaps the addition of a more detailed 
differentiation of the buffer zones would lead to more significant results, for example by 
taking fragmentation by roads and natural barriers such as rivers and fens into account.

however, these results also support the assumption that a well-preserved, coherent hedgerow 
network between (otherwise isolated) woodlands is important for an implied exchange of 
individuals and dormouse migrations. Furthermore, the evidence of breeding nests indicates 
that hazel dormice reproduce successfully in some of the hedgerows in Schleswig-holstein.
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Hazel dormice in roadside habitats 

Björn Schulz, Sina EhlErS, johannES lang & SvEn BüchnEr

Abstract
roads are commonly regarded as a major threat to biodiversity. Strictly arboreal animals like the hazel 

dormouse are thought to be especially badly influenced by the fragmentation effects of even small roads. 
little research has been conducted on effects of roadside habitats, which are often managed like coppiced 
woods and thus could function as potential dormouse habitat. Between 2008 and 2011 the authors 
examined different roadside shrubs in northern and central germany and frequently found evidence 
of dormice. not only roadside shrubs, but also shrubs on small traffic islands at motorway exits were 
inhabited by dormice. Both seem to be suitable habitats. Evidence from central germany also leads to 
the conclusion that roadside habitats could serve as habitat corridors. until detailed studies on population 
ecology and individual movements, as well as effects of road-kills, are available, the implications of these 
observations must be applied cautiously.

Keywords: Muscardinus avellanarius, road ecology, corridors, barriers

1. Introduction
road infrastructure is one of the main factors threatening biodiversity in Europe. When 

roads are built, habitat sizes are reduced, habitats get fragmented, are influenced by noise 
and emissions. animals often get killed when they attempt to cross roads (jędrzejewski et al.  
2009). Thus in many countries, all over Europe, (re-)connection of habitats is a major 
approach to preserving biodiversity (Blab 2004, reck et al. 2005). road agencies are obliged 
to mitigate and – if mitigation is not possible – compensate for the negative effects of roads on 
habitats and species. in the past afforestation of roadside habitats was a widely used method 
for compensation. in general those afforestations were planted with a very broad variety of 
shrub and tree species. The legal duty to maintain safety for the traffic forces road agencies 
to manage the roadside plantings like coppiced woods or hedges. coppiced woodlands, 
rich in tree and shrub species, are one of the most suitable habitats for the hazel dormouse 
(Muscardinus avellanarius) (Bright & Morris 1990). When there is a connection of these 
roadside habitats to surrounding woods with dormouse populations, the colonization of those 
habitats can be expected. But experts also claim that dormice are negatively influenced by 
traffic infrastructure (Bright et al. 2006) and dormice might avoid such habitats near roads. 
until now, there has been little information available about the significance of roadside 
habitats for hazel dormice.
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2. Study sites and methods
in this study we present results of observational research on dormice in roadside habitats in 

northern and central germany between 2008 und 2011. We searched for dormouse nests and 
for hazel nuts opened by the hazel dormouse along the motorway a21 in Schleswig-holstein 
(northern germany) (Tab. 1) and along the federal highway B83 in hesse (central germany). 
additionally 25 traffic islands totally surrounded by roads or similar pavements were checked 
for dormouse nests (Figs 1 and 3). 

We conducted searches after the fall of leaves from late autumn to mid winter. We slowly 
walked along all sides of the roadside habitats and noted the gPS-location when we found a 
definite hazel dormouse nest or a gnawed hazel nut. on some traffic islands the search stopped 
after the discovery of the first nest. The search time was not equal between the years.

For the traffic islands we measured the effective habitat sizes using aerial photos on giS 
(arcgiS 9.3). We considered areas covered with shrubs and trees as potential habitats.

as we focussed on the questions, ‘do dormice use roadside habitats?’ and ‘can they be found 
in isolated habitat patches?’, we only measured size, shape and location of habitats, but did not 
collect detailed data about the habitat quality. in general the habitats are rich in shrub species and 
are usually coppiced every 10 to 15 years for traffic safety reasons. 

in additional to direct searches, we collected records of hazel dormouse occurrence along 
roads in germany (Tab. 2).

Fig. 1 Between 2008 and 2010 a total of 153 nests was detected in shrubs around the junction of 
 motorway a21 and federal highway B205 (exit nr. 11).
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3. Results
Dormouse nests were present in roadside habitats in numerous locations along the a21 

(Fig. 1) in Schleswig-holstein. They could be found around all four motorway exits examined 
on a road section of 10 km length. The federal road B83 leaves the forest and hazel dormouse 
evidence could be found in the shrub line along the road up to 1 km away (Fig. 2). 

hazel dormouse nests were found in 20 (80 %) of the 25 checked traffic islands. The hazel 
dormouse uses traffic islands as a nesting site at least temporarily. Dormice were present in all 
traffic islands with an effective habitat size larger than 0.2 ha (n = 17). They were present in only 
4 out of 8 traffic islands with effective habitat sizes up to 0.2 ha. 

Fig. 2 hazel dormouse evidence (gnawed hazel nuts and nests) in woods and roadside shrubs beside 
 the federal road B 83 in hesse in 2008 and 2009.
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Fig. 3 Traffic islands investigated for the occurrence of hazel dormice in 2010 in Schleswig-holstein 
 along the motorway a21 (exits 12, 13 and 14 from left to right); solid lines border traffic  
 islands with at least one dormouse nest, interrupted lines border traffic islands where no nests  
 were found, the effective habitat size of each traffic island is annotated.

Tab. 1 Traffic islands investigated for the occurrence of hazel dormouse in Schleswig-holstein 
 along the motorway a21.

Site Years of 
survey

Number of 
dormouse 

nests found

Number of 
road islands: 

Effective habitat sizes of  
road islands in ha:

in total/with/
without dormouse 

evidence
with dormouse 

evidence
without dor-

mouse evidence

a21/B205, 
exit 11

2009, 2010, 
2011 153 nests 11/10/1 0.2, 4 x 0.3,  

4 x 0.6, 1.1, 2.1 0.1

a21, exit 12 2010 4 nests 5/3/2 0.4, 0.5, 6.0 0.2, 0.2

a21, exit 13 2010 4 nests 4/3/1 0.2, 0.9, 1.6 0.0

a21, exit 14 2010 11 nests 4/3/1 0.2, 0.6, 0.9 0.1

Tab. 2  Examples for records of hazel dormice in roadside habitats of major roads in germany (own 
 data from 2010 to 2012).

Road Region
motorway a 4 hesse, central germany
motorway a 5 hesse, central germany
motorway a 7 hesse, central germany and Schleswig-holstein, northern germany
motorway a 20 Mecklenburg-Western Pomerania, northern germany
motorway a 24 Schleswig-holstein, northern germany
Federal road B 49 hesse, central germany
Federal road B 76 Schleswig-holstein, northern germany
Federal road B 98 Saxony, eastern germany
Federal road B 207 Schleswig-holstein, northern germany
Federal road B 404 Schleswig-holstein, northern germany
Federal road B 430 Schleswig-holstein, northern germany
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roadside shrub management and thus roadside habitats comparable to those presented above 
exist on many other major roads throughout germany and in other countries, too. We collected 
evidence of hazel dormouse along other several major roads throughout germany. 

4. Discussion
The hazel dormouse is a typical species of diverse and species rich forest habitats and 

hedgerows (juškaitis & Büchner 2010, Ehlers 2012). it is negatively affected by habitat 
fragmentation (Bright et al. 1994). in this context roads are considered to have a negative 
impact on hazel dormice and until recently the role of woody vegetation along roadsides has 
not been a focus of dormouse research. 

however, roadside shrubs often show a high number of shrub species and a structure 
comparable to coppiced woods, woodland edges or hedgerows. it was therefore not 
surprising to detect hazel dormouse evidence at several places along major roads throughout 
germany. Despite the potential for fragmentation across these roads, their roadside habitats 
sometimes are well connected to suitable sites in the surroundings and therefore easily 
accessible for hazel dormice.

Surprisingly, dormouse evidence was also found in small habitat islands with an effective 
habitat size of less than 1 ha which were isolated from other shrub habitats nearby. The 
traffic islands are notably small and it seems clear that a viable dormouse population could 
not live there in isolation. repeated crossing of roads would be necessary for long term 
population survival. nevertheless, as dormouse nests were found on 20 isolated traffic 
islands, successful road-crossing must have taken place on at least 20 occasions, probably 
much more often.

chanin & gubert (2011) present similar results for England where hazel dormice 
were found even in the narrow central reservations of the a30 in cornwall. Two marked 
individuals crossed the motorway at least three times in this place (chanin & gubert 2012).

So far the circumstances under which dormice use roadside habitats, and for how long, 
remain unclear. The presence of a nest or a gnawed nut does not tell much about the role 
of a site in the life-span of a dormouse nor does it indicate that this habitat is of a high 
value for a population. it just shows that a dormouse must have been present for a while. 
We did not conduct any nest surveys in potential habitats surrounding roadside habitats 
nor did we mark and recapture individuals in the roadside vegetation. We do not know, 
therefore, whether the nests were built by dispersing subadults coming from neighbouring 
habitats or by resident individuals permanently living there. We must emphasize that no 
conclusion can be drawn yet as to whether these roadside habitats function as a permanent 
habitat. individual monitoring would be necessary to determine the potential influence of 
road mortality. a high risk of road kills is obvious but unproven.

our conclusion from these first results is that roadside plantings might function as a good 
habitat for dormice, both as a place to live and breed, and for dispersal. Their linear nature 
could be particularly important in connecting otherwise isolated fragments of suitable habitat. 

We also hypothesize that high-quality dormouse-oriented management of habitats at 
roadsides and on traffic islands could be a technique to increase crossing rates and therefore 
could lead to a higher genetic exchange. it may also be important for recolonisation processes 
in landscapes where dormice have become extinct.

To be certain that our hypotheses are correct, we recommend, that future scientific work 
should have a focus on the following questions:
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1. Do dormice use roadside habitats temporarily or permanently and does successful 
reproduction take place? it is important to find out whether such habitats function as 
sources or sinks at a landscape level.

2. What effects do road noise, dust, wind and other emissions have on habitats and 
individuals? These factors could have a crucial influence on dormice and the quality of 
roadside habitats.

3. What influence does roadside management have on habitats and individuals? is the 
suitability of roadside habitats dependent on coppicing and mowing cycles? More 
knowledge concerning the management of roadside habitats is needed to optimise them 
as good dormouse habitats.

4. how often do dormice leave shrubs and enter or even cross the roads? how is this 
determined? This rare behaviour of leaving shrubs may be crucial for the understanding 
of dispersal processes. and of course the risk of road-kill may have a major effect on 
population size.

5. can roadside habitats function as migration corridors and can they connect habitats in 
fragmented landscapes? 
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Does the occurrence of the hazel dormouse Muscardinus avellanarius 
in East-Saxony (Germany) dependent on habitat isolation and size?

Marcus r. KecKel, sven Büchner & herMann ansorge

Abstract 
In the eastern part of saxony hazel dormice were found in small and isolated woods. Previous studies 

in selected small woods showed that dormice are able to cross open ground to migrate in or out of these 
woods. The scope of the present study was to determine the incidence of dormice in relation to isolation 
and size of the sites on a larger scale. For this 66 sites were checked for the occurrence of dormice in an 
area of approximately 330 km². Dormice are more likely to be present in woods larger than 20 ha. We 
assume therefore a minimum habitat size of 20 ha for viable populations. It further seems that where 
smaller woods are separated by a distance of no more than 20 m to the next dormouse population, there 
is little effect of habitat isolation. In contrast to this dormice could be observed in single cases in very 
small and isolated patches, too. one of the most isolated woods with dormice was only 2 ha in extent and 
a distance of 669 m to the next wood. 

Keywords: fragmentation, minimum habitat size

1. Introduction
The hazel dormouse (Muscardinus avellanarius) occurs in comparison to other small 

rodents even in good habitats in low densities (Juškaitis & Büchner 2010). at the same time 
the species is vulnerable to habitat fragmentation because of its arboreal way of life (Bright & 
Morris 1996). The habitat size should be therefore a key factor for the survival of a population. 
agricultural areas as well as traffic routes result in the fragmentation of the landscape and 
the remaining forest habitats are often too small to provide a viable population of dormice. 
radio tracking hazel dormice by Bright & Morris (1991, 1992) showed that the species 
even prefers to take longer routes in the canopy instead of using short distances on ground 
level and even small gaps in hedges were avoided to cross (Bright & Morris 1991, 1992). In 
contrast a previous survey of Büchner (2008) showed that individually marked hazel dormice 
crossed open ground with distances up to 500 m between two selected isolated copses and 
the surrounding woods. The aim of this study is to prove the occurrence of dormice in small 
copses on a larger spatial scale and to determine the effect of size and isolation of woodlots 
on the species presence.

2. Study site and methods
The study site with an area of about 330 km² is situated in the eastern part of saxony 

(germany). This landscape has a forest cover of approximately 17 %. The larger forests are 
mainly dominated by coniferous trees, mostly with spruce (Picea abies). several hills on 
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basaltic rocks show rich deciduous forests. Typical are small copses within arable fields. 
Those were left on unsuitable places for agriculture. The traditional use of the small copses 
was coppice-with-standard-system. To proof the occurrence of dormice we used nest tubes 
and searches for gnawed hazel nuts and summer nests of dormice (see Bright et al. 2006). 
If one method proofed the evidence of dormice in the selected wood, no other efforts were 
undertaken there. 

In total 1,300 nest tubes were put up in grids of 20 m (25 tubes per hectare). The catching 
period lasted from July to november 2009 and the nest tubes were checked weekly. To 
search for gnawed hazel nuts in every wood five squares of 10 m x 10 m were investigated 
for 20 minutes. From september onwards the understorey and forest edges were checked 
for summer nests of dormice. 

In total 66 sites were surveyed and this included all larger woods (five woods larger than 
200 ha). out of the smaller copses a random sample of 51 copses (size up to 20 ha) was 
surveyed to get data in relation to their size and isolation. 

The boundaries of sites were defined by roads (including larger forest roads) and the forest 
edge. Furthermore, we considered a site as isolated when there were no links by hedgerows or 
tree lines to another site.

3. Results
hazel dormice were present in 27 out of 66 checked sites. The most successful method was 

the search for summer nests. It revealed the presence of dormice on 10 sites with a low effort. 
sites in which dormice were present have a size of 19.2 ha in median (mean deviation from 

the median MD = 79.3), sites without dormice 3.5 ha in median (MD = 4.96). The difference 
is significant (Kolmogorov-smirnov-Test, p < 0.05). hazel dormice were present in < 70 % of 
woods larger than 20 ha, while occupancy decreased below 60 % in woods of 10–20 ha and 
below 40 % in smaller woods (Fig. 1).

Dormouse sites have a distance to the next wood with dormouse occurrence of 15 m in 
median (MD = 368.8), sites with no records of dormice are isolated by a distance of 569 m 
in median (MD = 894.9). This difference is also significant (Kolmogorov-smirnov-Test,  
p < 0.05). sites isolated less than 20 m (50 % of all sites with dormice) are more likely to 
have dormice (Fig. 2). 

however, in some cases dormice were also present in small woodlands clearly isolated 
(Tab. 1). The most isolated copse with dormouse presence had an area of only 2 ha and a 
distance to the next woodland of 669 m.

4. Discussion
In contrast to the report of herr (1942), who stated that the hazel dormouse is present in 

nearly every single wood copse west of the city of görlitz, the current data show that the 
presence of dormice depends on the size and the isolation of the habitat. Woods larger than 
20 ha and not isolated (< 20 m from the next wood with dormice) are more likely to contain 
hazel dormice. This estimated minimum habitat size is similar to the observation of Bright 
& Morris (1996) who found the same habitat size for england. Woods larger than 20 ha 
might have the area, the amount and the diversity of vegetation that could maintain a viable 
population of hazel dormice, not at risk from stochastic events.
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We could see no effect of isolation in terms of the probability of dormouse occurrence if 
the distance to the next wood is up to 20 m. This includes the very small copses. But it is 
unknown how often there are interactions between dormice between such woods or copses. 
Taking the 20 ha as the minimum habitat size it is unlikely that hazel dormice will survive 
on the long term in small copses without exchanges of individuals. Migrations over open 
ground could be regular events. Dispersal is typical for hazel dormice before or short after 
their first hibernation (Juškaits 2008). animals of this age class were the ones crossing 
open fields in a previous study in two selected small copses with individually marked hazel 
dormice (Büchner 2008). 

Fig. 1 Percentage of woods with dormice according to the size classes.

Fig. 2 Percentage of woods with dormice according to the distance of the closest wood with 
 dormice.

Tab. 1 Isolation and size of small wood copses where dormice were present.

Distance to the next wood [m] 45 161 170 184 232 255 669

Size [ha] 3 8 9 14 2 2 2
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The record of hazel dormice in a copse of 2 ha isolated more than 600 m from the next 
wood shows the dispersal potential of the species. however, only the presence of a large 
source population could ensure a high dispersal rate that may lead to the colonization – and 
successive periodical local extinctions – of the small and isolated woodlands.
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A capture-mark-recapture study on coexisting dormouse species 
(Eliomys quercinus and Glis glis) in the Grand Duchy of Luxembourg 
– Preliminary results

Jörg Schlichter, Mechthild roth, SAndro Bertolino & edMée engel

Abstract 
the present study is the first research project on dormice in luxembourg and one of the few studies 

on coexisting dormouse species. From April 2009 till october 2011, 221 garden dormice (Eliomys 
quercinus) and 125 edible dormice (Glis glis) were marked on 1 ha in different habitat types. garden 
dormice showed a clear preference for the vineyards with dry stone walls, whereas only very few edible 
dormice were trapped there. edible dormice obviously seem to avoid these open habitats. the ability of 
the garden dormouse to colonise this habitat type could be an explanation for the higher density of this 
species at the study site. Additional factors include: its higher reproductive potential (birth earlier in the 
season, no failure of reproduction in non-masting-years, possibility of two litters a year) and much higher 
recapture rates of juveniles after hibernation.

Keywords: sympatry, habitat use, live trapping, Pit tagging

1. Introduction
dormice or gliridae are a rodent family, consisting of 28 species, which are exclusively 

found in the old World (holden 2005). three species occur in luxembourg: the edible 
dormouse (Glis glis), the garden dormouse (Eliomys quercinus) and the common dormouse 
(Muscardinus avellanarius). All of them are protected at national level. 

the coexistence of rather similar species should be promoted by a differentiation of 
their ecological niche; the availability of information on resource exploitation is therefore 
important for understanding interspecies relationships. Studying coexisting species at a 
research site over several years might give an important insight into their ecology, such as 
niche partitioning and use of space. 

the present study is the first project on dormice in luxembourg. From 2009 to 2011, 
population dynamics and habitat partitioning of the garden and edible dormouse in sympatric 
condition were examined. Studies on coexisting dormouse species are scarce, often used 
different methods (e.g. nest box checks) and investigated different species combinations 
(Müller-Stieß 1996, Bakó & hecker 2006, Ściński & Borowski 2006, Sevianu & Filipaş 
2008, Mikeš et al. 2010). 
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2. Study site and methods
the study site ‘Kelsbaach’ (180 m a.s.l., 6.42195 e, 49.66552 n) is situated in the eastern 

part of luxembourg near the river Moselle at the german border. the ‘Kelsbaach’ is also a 
nature reserve (75 ha) and habitats directive site (285 ha). it is characterised by high habitat 
diversity on a small scale. Apart from the edible and the garden dormouse being present at the 
site, the common dormouse was also found in a nearby overgrown vineyard in 2010 and 2011, 
but could never be trapped.

due to the limited comparability of the season 2009, when the traps were partially placed at 
different sites and with only one trap per point, the data of this year are only reported as total 
number of marked animals (Fig. 1). 

in 2010 and 2011, 240 wooden live traps (deutsche Fallenfabrik, Franz Keim, nr.406006, 
long version: 27 cm × 8 cm × 6 cm) were arranged at 80 points (3 traps per point) in a grid 
of 10–15 m, covering about 1 ha. the grid included three adjacent areas of almost equal size: 
a scree forest with moist micro climate, thermophilic shrubs and a vineyard with dry stone 
walls. the characteristic element for all sites covered by the traps is a limestone escarpment 
(height: up to 30 m). due to the linear structure of the habitat types, only 3–4 parallel rows 
of traps could be installed per site. in 2010, the traps in the scree forest were placed on fence 
posts with wooden platforms (height: 1.5 m) close to trees or shrubs in order to reduce the 
number of bycatch (mice); in 2011, the traps at the two remaining sites were also attached to 
posts due to the presence of badgers. 

the traps were activated at dusk and checked at dawn during two sessions per month, 
each consisting of three nights (2009 and 2010) respectively two nights (2011). the 
reduction of trapping nights resulted from the experience that many animals were trapped 
during all three nights of a round, and it was hoped to reduce stress for these multiple 
recaptures. A mixture of musli, sunflower oil, jam and apple was used as bait. After a brief 
immobilisation (1–2 min) with isoflurane by a local veterinary surgeon, the new captures 
were microchipped, weighed and sexed. Furthermore, for genetic analysis a small tissue 
sample (3 mm in diameter) was taken from the ear by a biopsy punch during anaesthesia. 
the samples were taken in accordance with legal and ethical rules (license nr. 68513gWsc 
by the Ministry of environment). if an animal was retrapped during the following sessions, 
it was immediately released after identification and weight check. 

in statistical analysis, Yates´ correction for the χ²-test was applied whenever only one degree 
of freedom was available. 

Fig. 1  total number of marked animals (2009–2011).
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3. Results
the total number of animals tagged is shown in Fig. 1. Altogether, more garden dormice 

(n = 221) than edible dormice (n = 125) were marked until october 2011. Juvenile edible 
dormice could only be found in 2009 and 2011. in 2010, the edible dormice obviously did not 
reproduce. there were no significant departures from homogeneity between the numbers of 
adult garden dormice and edible dormice in both years (2010: χ² = 0.075, d.f. = 1, n.s.; 2011: 
χ² = 0.071, d.f. = 1, n.s.). the same applies for the juvenile garden dormice and edible dormice 
in 2011 (χ² = 0.976, d.f. = 1, n.s.) however, there were significant results for comparisons 
between adult and juvenile garden dormice for both years (2010: χ² = 7.149, d.f. = 1, p < 0.01; 
2011: χ² = 45.803, d.f. = 1, p < 0.001) as well as for adult and juvenile edible dormice in 2011 
(χ² = 38.726, d.f. = 1, p < 0.001). 

When comparing numbers of adult garden dormice between 2010 and 11, a significant 
departure from homogeneity could be observed (χ² = 6.323, d.f. = 1, p < 0.05). the same 
applies for juvenile garden dormice (χ² = 3.868, d.f. = 1, p < 0.05) and adult edible dormice 
(χ² = 12.121, d.f. = 1, p < 0.001). due to the different number of trapping nights per round 
(three in 2010 vs. two in 2011), the individuals that were exclusively trapped during the third 
night of a round in 2010 were discarded for these comparisons.

Figures 2 and 3 show the number of animals trapped through the year in 2010 and 2011. At 
the beginning of the season (April), only the adult garden dormice were active, followed by 
adult edible dormice (May/June), juvenile garden dormice (July/August) and juvenile edible 
dormice (August/September, only in 2011). lactating female garden dormice were found from 
June to october in 2011. Furthermore, small juveniles of about 20 g were registered between 
July and october 2011.
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Fig. 2  number of captures during the season 2010.

Fig. 3  number of captures during the season 2011.
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in 2010, 73 % of the garden dormice marked as juveniles in 2009 were recaptured, but 
only 21 % of the one-year-old edible dormice were retrapped. in 2011, the recapture rate of 
the 2-year-old garden dormice (born and marked in 2009) was 35 %, but just 7 % for edible 
dormice. the recapture rate for one-year-old garden dormice in 2011 was 57 %. Juveniles 
from 2009 that were exclusively trapped on the plateau, where the traps were removed after 
the first season, were discarded for these calculations. 

Figures 4 and 5 show the number of captures of the two species in the different habitats in 
2010 and 2011. if an animal entered a site repeatedly during the season, this was included only 
once in the statistics. garden dormice were mostly found in the vineyards with dry stone walls 
(51 % in both 2010 and 2011) and shrubs (38 % in 2010, 35 % in 2011); only 11 % (2010) and 
14 % (2011) of the garden dormice were captured in the scree forest. the edible dormice, on the 
other hand, preferred the shrubs and the scree forest and avoided the vineyards (16 % in 2010, 
5 % in 2011). comparisons between numbers of garden dormice found in the different habitat 
types showed significant departures from homogeneity in both years (2010: χ² = 39.839, d.f. = 2,  
p < 0.001; 2011: χ² = 30.845, d.f. = 2, p < 0.001). the same applies for edible dormice for 2010 
(χ² = 6.013, d.f. = 2, p < 0.05) and 2011 (χ² = 29.277, d.f. = 2, p < 0.001). For these comparisons, 
the expected frequencies were adjusted by weighting factors corresponding to the different 
numbers of traps at the sites.

Fig. 4  number of individuals trapped per site (2010).

Fig. 5  number of individuals trapped per site (2011).
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4. Discussion
the garden and the edible dormouse differ in many aspects: the garden dormouse is smaller, 

has a longer activity period, is considered rather carnivorous or omnivorous and not dependent 
on vegetation cover to such a large extent (Storch 1978). All these factors should facilitate 
coexistence between the two species.

other studies have already shown that a coexistence of different dormouse species can be 
possible: Bakó & hecker (2006) and Sevianu & Filipaş (2008) studied populations of edible 
dormice, forest dormice (Dryomys nitedula) and common dormice by nest box checks and nest 
tubes in hungary and romania. in both studies, the large edible dormouse dominated the other 
species, though one should also bear in mind that the smaller species might still use the habitat 
around the boxes occupied by edible dormice. live trapping and radio tracking might give a 
better insight into habitat use; for instance, Ściński & Borowski (2006) found that edible and 
forest dormice largely overlapped their ranges. in the study by Müller-Stieß (1996), which was 
performed in the Bavarian forest, the edible and the common dormouse concentrated in the 
mixed montane forests between 850 and 1150 m a.s.l., whereas the garden dormouse preferred 
the valleys below 850 m a.s.l. and spruce forests and screes above 1150 m a.s.l.. 

in the present study, the edible dormouse seems to avoid open habitat with reduced cover, 
since only a few of them were captured in the vineyard (Figs 4–5). the few findings of 
edible dormice in this habitat type were almost all close to the escarpment, indicating that 
the animals might have climbed down from the forested plateau. the garden dormouse, on 
the other hand, is considered a ground dwelling animal, and Storch (1978) reported that 
they can even be found in sand dune systems (guadalquivir, Spain) or stone steppes (crau, 
France). thus, this species has access to many additional nesting sites inside the dry stone 
walls that are obviously not used by edible dormice. 

other authors reported that edible dormice are able to cross open space: negro et al. (2011) 
found that 36.7 % of all experimentally translocated animals returned though they had to 
cross an 80 m ski slope. in other studies, edible dormice were able to cross 46 m (Bieber 
1994) or at least 200 m (von Vietinghoff-riesch 1960, Worschech 2011) of open habitat, but 
these dispersal events were detected for only a very few of the marked animals (Bieber 1994: 
2.5 %, Worschech 2011: 1.5 %). however, living permanently in more or less open landscapes 
(like the garden dormouse) or crossing these habitat types to reach more favourable sites (for 
example during dispersal of juveniles) are two different processes.

Since not all traps were attached to fence posts in 2010, this might have resulted in smaller 
numbers of the edible dormice at those sites with the traps still placed on the ground. this 
is because this rather arboreal species might avoid climbing down to enter the ground traps. 
however, the ratio of individuals (scree forest vs. thermophilic shrubs) is almost the same 
for the two years (1.2 : 1 in 2010 and 1 : 1 in 2011). in the vineyard, the animals have 
to move on the ground (irrespective of the placement of the traps) due to the absence of 
trees and bushes. Furthermore, during monitoring of the surrounding habitat by foto traps, 
edible dormice were found on numerous occasions on the ground. the edible dormice radio-
tracked by negro et al. (2011) even had their daytime resting sites mostly on the ground.

the relatively low number of new adult edible and garden dormice in 2011 (Fig. 1) might 
be an indication that the majority of the adult population has already been marked and that 
there is not much immigration from adjacent sites. Vaterlaus (1998) found similar results, 
with decreasing numbers of newly marked adults during the course of his study. the mast 
year 2011 with its warm spring was obviously a good season for both species, resulting in 
record numbers of juveniles (Fig. 1). the high temperatures early in the season 2011 are also 
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probably the reason why adult edible and juvenile garden dormice were trapped earlier than 
the year before (Figs 2–3). edible dormice are able to skip their reproduction in non-mast-
years (e.g. Bieber 1998, Kryštufek et al. 2003, Pilastro et al. 2003), which obviously happened 
in 2010, when no juveniles could be trapped (Fig. 1).

in the Alps, the recapture rates of juvenile garden dormice were 32–36 % after their first winter 
(Bertolino et al. 2001). the results of the present study (57 % and 73 %) rather correspond to 
the dense population described by Vaterlaus (1998) in the rhine valley (with similar climatic 
conditions compared to the ‘Kelsbaach’), where rates were 60 % and 86 % in two years. 

the findings of lactating females and small juvenile garden dormice from June/July to 
october in 2011 could be an indication that there are two litters per year, or simply reflect the 
range from early to late single litters from different animals. however, Schaub & Vaterlaus 
(2001) reported that two litters a year are possible for garden dormice in the rhine valley. 
Vaterlaus (1998) found two litters per season in every year of his study: in 1995, they were 
born in June and August; in 1996 and 1997, the females gave birth in May and July. these 
animals were kept in captivity (outdoors), but Vaterlaus (1998) assumed that two litters were 
also possible for non-captive garden dormice. Moreover, he had several juvenile animals 
giving birth at the age of only four months. Additionally, ellinger (2005) found two females 
which successfully reproduced twice in one year. the estimated birth dates of the juveniles 
were mid-May and end of July. these animals were found in nest boxes in a montane spruce 
forest at 860 m a.s.l. in the Black Forest, germany.

Blohm & hauf (2005) also reported two litters a year for the edible dormouse. however, 
since juveniles were only found during a very short period (September) in 2009 and 2011, 
this is considered a less likely event than two litters from garden dormice at the ‘Kelsbaach’.

the low recapture rate for the edible dormouse (21 %) is similar to the value (29 %) recorded 
by Bieber (1995). edible dormice are born quite late in the season and have less time to 
accumulate fat for hibernation, which might result in high mortality. however, one should bear 
in mind that this age group may also disperse after its first winter, and the animals that were 
not retrapped need not necessarily have died. thus, the difference in the recapture rates may 
also indicate a different suitability of the habitats for the two species (with higher emigration 
rates for juvenile edible dormice), but this hypothesis has to be corroborated by more data in 
the long term.
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Dormice in small mammal assemblages in a mixed southern European 
forest 

Janko Skok & BoriS kryštufek

Abstract
We studied an assemblage of terrestrial small mammals in a mixed fir and beech forest at 920–1225 m 

elevation on Mt. Snežnik, southwestern Slovenia. the community consisted of three species of dormice 
(Glis glis, Dryomys nitedula, Muscardinus avellanarius), one mouse (Apodemus flavicollis), one vole 
(Clethrionomys glareolus) and three shrews (Sorex araneus, Sorex alpinus, Sorex minutus). With 67.7 % 
of all small mammals trapped, mice and voles were more abundant than dormice (9.5 % of individuals), 
but the discrepancy was much less in total biomass (kg): 16.7 in muroids versus 9.4 in dormice. the 
majority of dormice (93 %) were trapped on trees and most of the voles and mice (97 %) were captured 
on the ground. Glis glis, which was the largest species in this small mammal community, contributed 
nearly 33 % to the total biomass. We conclude that this dormouse is an important component in a mixed 
southern european forest and should be taken into consideration in studies of ecology of small mammal 
communities.

Keywords: Glis glis, Dryomys nitedula, Muscardinus avellanarius, muroid rodents, shrews

1. Introduction
Dormice (family Gliridae) are one of the oldest extant rodent families and the only one 

of european origin. their diversification and relative abundance in fossil assemblages 
culminated towards the end of the early Miocene but started to decline afterwards, a situation 
that has continued until the present (Daams & de Bruijn 1995). although extant glirids still 
occupy large areas in the Palaearctic and ethiopian regions, they are merely relics of a diverse 
Paleogene fauna. the family comprises only nine genera with 28 species, i.e. 1.9 % of modern 
rodent genera and 1.2 % of species. Similarly, dormice are not regarded as a significant 
component of extant rodent assemblages in europe. of 50 species of small rodents (body mass 
< 1 kg) native to europe, only 5 (= 10 %) are dormice (data from Mitchell-Jones et al. 1999). 
Besides, dormice are rare in many parts of their native range (e.g. Bright & Morris 1996) and 
their assemblages are regarded to be less abundant than that of small terrestrial mammals  
(e.g. Gaisler et al. 1977). also the sampling protocols employed for primarily terrestrial 
rodents, are not effective for dormice, which are mainly active above ground level. field tools 
used in ornithology, nest-boxes in particular, are long known to be effective also for dormice 
(e.g. Vietinghoff-riesch 1960, koppmann-rumpf et al. 2003, Juškaitis 2006, adamík & 
král 2008). Dormice are therefore mainly studied separately from mice and voles, which are 
believed to be the major small mammal consumers in european deciduous forest ecosystems. 
Moreover, small mammal community research is highly focussed on shrews, mice and voles 
(Gurnell 1985, Schröpfer 1990). 
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in this paper, the focus will be on dormice as a component of the small mammal assemblage 
in a southern european mixed forest. We note that there are valid arguments against referring 
to taxonomic aggregations as ecological assemblages/communities (Hallett 1991).

2. Material and methods
Study area: We conducted our study on Mt. Snežnik (peak at 1796 m) which sits within the 

Dinaric alps (about latitude 45°36’ n, 45°38’ n and longitude 14°22’ e, 14°27’ e) in south-
western Slovenia. the bedrock is karstified limestone with no surface water. the region 
represents a transition between the Mediterranean climate along the coast and the continental 
climate further inland. fir-beech forest (Omphalodo-Fagetum) is predominant throughout the 
study area. for further details on the area and its small mammal fauna see kryštufek et al. (2011).

Sampling methodology: Small mammals were sampled on 40 sampling plots in mature 
silver fir-beech forest stands at elevations between 920 and 1225 m a.s.l. a minimal distance 
of 200 m between plots was supposed to overcome pseudo-replication and autocorrelation 
(Morris 1989). Small plots (15 × 15 m) enabled sampling in a relatively homogenous patches 
of a closed canopy forest. Small mammals were trapped in spring and autumn 2008 and 
2009, and in spring 2010 (tab. 1). each sampling plot was equipped with eight snap traps, 
four ugglan mesh traps (24 × 6 × 9 cm) and four Sherman folding traps (23 × 8 × 9 cm).  
Sherman traps were set on branches > 2 m high and the remaining traps were set on the 
ground. Live traps were provided with bedding material and baited with rolled oats mixed 
with sunflower oil and a piece of apple, snap traps were baited with pieces of wick soaked 
in a mixture of salted fat. following field protocols for sampling small mammals (Sullivan 
et al. 2009) and dormice (Berg & Berg 1999), we set traps for three nights (= 48 trap nights 
per sampling unit) and checked them twice daily. trap success (%) is the number of small 
mammals captured per 100 trap nights, and the term ‘trap night’ (tn) is used to describe a trap 
that was set for a 24-h period. Captured animals were measured, marked by fur clipping and 
released. Dead animals were preserved in ethanol and deposited in the Slovenian Museum of 
nature History, Ljubljana. the methods used followed guidelines approved by the american 
Society of Mammalogists (Sikes et al. 2011). taxonomy and nomenclature were followed 
according to Wilson & reeder (2005), except for Clethrionomys which we use instead of 
Myodes (see tesakov et al. 2010).

3. Results
in total we collected 911 individuals in 9600 tn (= 9.5 specimens per 100 tn), 484 

individuals (= 53.1 %) were captured in snap traps and the remaining 427 specimens (= 46.9 %) 
were obtained by live traps. in all subsequent analyses we ignored recaptures. these were 
classified into eight species, three shrews (Sorex araneus, S. minutus, S. alpinus), two muroide 
rodents (Clethrionomys glareolus and Apodemus flavicollis) and three dormice (Glis glis, 
Dryomys nitedula, Muscardinus avellanarius) (tab.  1). our sampling was not suitable for 
recording a red squirrel (Sciurus vulgaris), which was observed during sampling sessions.

in terms of relative abundance, dormice were the most rare with 87 individuals captured 
(= 9.5 % of the total). the muroide rodents were the most abundant (617 individuals; 67.7 %), 
and shrews were represented by an intermediate number of individuals (207; 22.7 %). the most 
numerous were both muroide rodents, Clethrionomys glareolus (366 individuals; 40.2 % of all 
small mammals) and Apodemus flavicollis (251 individuals; 27.6 %), followed by the common 
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shrew (176 individuals; 19.3 %) and the edible dormouse (74 individuals; 8.1 %). the rarest 
small mammals were the common dormouse (2 individuals; 0.2 %) and the pygmy shrew  
(5 individuals; 0.5 %). relative abundance of shrews may be underestimated because traps we 
used were more suitable for sampling rodents (e.g. kirkland & Sheppard 1994).

the total biomass of 911 small mammals was 28,007 grams, the lowest proportion of which 
consisted of shrews (1,877 g; 6.7 %), followed by dormice (9,431 g; 33.7 %) and by muroides 
(16,699 g; 59.6 %). three rodents accounted for 92.2 % of total biomass: the bank vole (9,395 g;  
33.5 %), the edible dormouse (9,131 g; 32.6 %), and the yellow-necked mouse (7,304 g; 
26.1 %). the edible dormouse is much larger (body mass [in grams] in a sample from Mt. 
Snežnik is 124.9 ± 14.42, n = 34) than the bank vole (25.5 ± 3.17, n = 167), or the yellow-
necked mouse (33.1 ± 6.61, n = 147), therefore it forms a high total biomass despite its 
low abundance. 

all species and taxonomic groups showed significant variations in abundance across 
seasons. trapping success was lowest in spring 2009 (2.0 per 100 tn) and the highest in 
spring 2008 (18.9 per 100 tn), about a 10-fold difference. Shrews were more abundant in 
the autumn than in spring in both 2008 and 2009. Comparisons between the two seasons 
within the same year pointed to higher spring densities for muroides in 2008 and for glirids 
in 2008 and 2009. 

Small mammals showed highly significant preferences in respect of the habitat layer (tab. 2). 
the edible dormouse was mainly captured > 2 m above the ground, while shrews and muroide 
rodents were largely collected at ground level. 

Tab. 1  Summary of trapping results in fir-beech forest (Omphalodo-Fagetum) on Mt. Snežnik, 
 south-western Slovenia, according to seasons. Sampling effort per session was constant  
 (1920 tn). a – abundance (number of individuals); BM – biomass (in grams).

  Spring 2008 
13.–30.05.

Autumn 2008 
17.09–02.10.

Spring 2009 
09.–25.05.

Autumn 2009 
08.–24.09.

Spring 2010
29.04.–23.05.

Total

 a BM a BM a BM a BM a BM a BM 

Glis glis 1 123 - - 17 2098 11 1357 45 5553 74 9131

Dryomys 
nitedula 5 114 - - 1 19 4 91 1 23 11 247

Muscardinus 
avellanarius - - 2 53 - - - - - - 2 53

Clethrionomys 
glareolus 131 3426 189 4638 4 101 23 670 19 560 366 9395

Apodemus 
flavicollis 198 5550 18 434 - - 3 98 32 1222 251 7304

Sorex araneus 23 293 62 523 12 129 63 498 16 175 176 1618

Sorex minutus 1 5 2 7 - - - - 2 10 5 22

Sorex alpinus 4 45 7 59 2 18 9 73 4 42 26 237

Small mammals 363 9556 280 5714 36 2366 113 2787 119 7584 911 28007
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4. Discussion
Small mammal communities are structured, and the combination of coexisting species in a 

habitat shows a certain pattern. in temperate zones up to three species that are phylogenetically 
and ecologically far apart, form the predominant number of individuals (> 70 %): an 
insectivorous shrew, a herbivorous vole, and a granivorous/omnivorous mouse (Schröpfer 
1990). on Mt. Snežnik, as elsewhere in europe, these three species were the common shrew, 
the bank vole and the yellow-necked mouse. However, our results provide evidence that the 
edible dormouse is probably also an important component in a small mammal community in 
a southern european mixed forest, at least as much as is any of the above ‘principal species’ 
(‘Hauptarten’; sensu Schröpfer 1990). 

We captured three species of dormice, as compared to only two species of muroide rodents 
on Mt. Snežnik. the altitudinal belt 800–1200 m a.s.l., where our sampling plots were located, 
is occupied by further three voles (Chionomys nivalis, Microtus liechtensteini, Arvicola 
scherman) and one mouse (Apodemus sylvaticus) (kryštufek et al. 2011) which we did not 
record in our study. this failure is not surprising considering that these species are mainly 
associated with early successional stages, gaps in a canopy, forest edge and rocky outcrops, 
and are rarely encountered in a closed canopy forest. the muroide diversity was therefore low 
within the forest where it was exceeded by dormice. niche overlap between the predominantly 
arboreal dormice on the one hand and terrestrial muroides on the other, is most probably 
minimised by microhabitat partitioning. 

Many studies imply that muroide rodents are a significant ecological factor due to their 
consumption within various ecosystems while dormice were excluded from such assessments 
(e.g. Grodziński & french 1983). in our results, about one third of the total biomass of 
small mammals was due to the edible dormouse which points to its significant ecological 
role in a mixed/deciduous forest. the entire picture, however, is not straightforward. Small 
mammal hibernators tend to be k-selected (kirkland & kirkland 1979), which implies lower 
amplitudes in population fluctuations as opposed to predominantly r-selected muroides. our 
results do not accord with this, since relative abundance of the edible dormouse varied widely 
between samplings. Besides, we captured many more dormice in spring than in autumn. Since 
the edible dormouse has its only litter in late summer (kryštufek 2010), one would expect high 
abundance in the autumn resulting from new recruits. this, however was not the case in our 

Tab. 2  trapping results for traps set at the ground level and on trees (> 2 m high) in fir-beech forest 
 on Mt. Snežnik. a – abundance (number of individuals). Proportions were tested by χ2-test; 
 significance level: n.s. – not significant (p > 0.05); * p << 0.00001.

Ground level
7200 tn

Trees 
2400 tn χ2-test

a % a %
Glis glis 1 1.4 73 98.6 70.06*

Dryomys nitedula 5 45.5 6 54.5 0.09n.s.

Muscardinus avellanarius 0 0.0 2 100.0

Clethrionomys glareolus 363 99.2 3 0.8 354.10*

Apodemus flavicollis 235 93.6 16 6.4 191.08*

Sorex spp. 207 100.0 0 0.0 207.00*
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study for several reasons. first, the edible dormouse responds to year-to-year fluctuations in 
food availability by skipping reproduction in years with a lack of seed crops (kryštufek 2010). 
our unpublished observations show that Glis glis remained reproductively inactive all over 
the Dinaric alps in Slovenia during both consecutive years of our study, i.e. 2008 and 2009. 
therefore, there were probably no recruits in the autumn of these two years. next, dormice 
start hibernating earlier in non-reproductive years than in years with reproduction (kryštufek 
et al. 2003). Both these factors explain low autumn abundance in our study and if Glis glis had 
bred abundantly in either year (or both), the relative importance of dormice in the community 
would have been even greater.

the daily energy requirement in the period of active life of dormice is similar to that of 
non-hibernating rodents, their annual budget however is markedly different. Gębczyński et 
al. (1972) estimated that in the half-year hibernation period, dormice consume less than 10 % 
of their total annual energy budget. recent observations show that torpidity in Glis glis is not 
restricted to hibernation but may lasts up to 10 months. namely, a significant proportion of 
edible dormice may stay torpid even during the summer season if no food is available (Morris 
& Morris 2010).  

Voles and mice at the average density of their population consume 0.17 % of total primary net 
productivity and 3.94 % of their potential food supply in a temperate mixed forest (Grodziński 
et al. 1970). this proportion is certainly much lower for the edible dormouse because of 
hibernation and extended periods of dormancy during the summer. Despite this, its high 
biomass means the edible dormouse represents a noteworthy link between primary producers 
and secondary consumers, being an important prey component for the lynx (krofel et al. 2011) 
and several owl species (kryštufek 2010). as an important component in a european forest 
they should be taken into consideration in studies of energy flow (cf. Gębczyński et al. 1972).
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Microhabitat utilization by forest dormice (Dryomys nitedula) in 
boreo-nemoral forest – preliminary results 
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Abstract 
We studied microhabitat preferences of the forest dormouse Dryomys nitedula in what is probably 

its most northern and isolated population, in latvia. the area is covered by boreo-nemoral forest where 
mature, mixed stands of scots pine, norway spruce and birch dominate. six forest dormice (3 males and 
3 females) were radio-tracked in June and august of 2009. radio-tracking was performed in a study plot 
where there were 50 nest boxes put up in a 50 × 50 m grid. the home ranges of the radio-tracked dormice 
varied from 2.91 up to 4.54 ha (McP 100 %). dormice preferred to dwell in mature forest stands with a 
rich shrub layer, especially of hazel, as well as forest edges, including those with young spruce and mixed 
forest growing on slopes of small, elongated depressions among gently rounded moraines. the radio-
tracked animals used mainly hollow trees (aspen, birch, grey and black alder) as daytime nest sites and 
used the nest boxes comparatively infrequently. they were rarely found in the mature pine forest with a 
dense understorey of spruce.

Keywords: microhabitats, radio-telemetry, home range, latvia

1. Introduction
the forest dormouse Dryomys nitedula is the most widespread species of gliridae. it occurs 

in a broad variety of habitats including broad-leaved, mixed, coniferous and dwarf montane 
woodland (airapetyants 1983, Kryštufek 1999, rossolimo et al. 2001, Batsaikhan et al. 2008). 
Many isolated sub-populations occur on the edge of its range. Probably the most northern one 
is in latvia, in the boreo-nemoral vegetation zone with a mix of coniferous and temperate 
deciduous (broad-leaf) trees.

although this isolated sub-population of the forest dormouse in latvia was discovered as 
early as 1968 (Kasparsons 1970), no rigorous studies have been made of it. Our study started 
in 2007 to clarify details of the local forest dormouse population. in this paper we are reporting 
on the first results regarding microhabitat preferences of the forest dormouse in the boreo-
nemoral forest. 

2. Material and methods 

2.1. Study area
the study was carried out at the silene nature Park located in the very south-east of 

latvia. the forest dormouse is the only dormouse species found in the area. On a large 
scale it is a lowland area but there are also marked forms of micro-relief, mainly small 
depressions among gently undulating moraines. in the study area of boreo-nemoral forest 
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there are pre-mature and mature (according to the forest inventory data , between 70 and 140 
years old), pure and mixed stands of canopy species (scots pine Pinus sylvestris, norway 
spruce Picea abies and birch Betula pendula) growing on dry, sandy soils. Here and there 
broad-leaved species (lime Tilia cordata, oak Quercus robur, maple Acer platanoides and 
wych elm Ulmus glabra) grow among the dominating tree species, either in the canopy or 
the understorey. Hazel (Corylus avellana) also grows at various densities in the shrub layer.

the vegetation of depressions is usually different compared to the surrounding forest. the 
northern slopes of depressions usually have a belt of young spruce with dense foliage, but 
the southern slopes are covered by mixed forest with a high proportion of broad-leaved tree 
species and a quite dense shrub layer, mainly of hazel. in some depressions there are swamp 
forests of black alder (Alnus glutinosa) and birch. the central parts of the largest depressions 
in most cases are without trees, and can be regarded as glades. as all the depressions are 
filled with water in spring, i.e. they are seasonal ponds, the bottom of them is covered by 
marshy grassland, but in places they are also overgrown by bushes, mainly Salix sp.

2.2. The use of nest boxes
the presence of the forest dormouse was revealed, and later regularly confirmed, by 

checking nest boxes (Pupiņš & škute 1992). Our study of the forest dormouse was also 
started with regular checks of nest boxes. We replaced old nest boxes with new ones as 
well as hanging some in new areas. in april 2009 we established a study plot with 50 nest 
boxes put up in a 50 × 50 m grid pattern. there pine and birch forests are dominant: they 
comprise respectively 64 and 17 % of the study plot. the central part of the study plot, but 
only 6 % of the area or 0.6 ha, is covered by mixed, mature oak forest (see also Fig. 1). nest 
boxes were hung either on canopy or understorey trees, or in shrubs, mainly at a height of  
2.5–3.5 meters. the initial area with nest boxes, including the study plot is about 150 ha.

2.3. Radio-tracking 
six forest dormice (3 male and 3 female) were caught either in nest boxes or by sherman 

live traps. ten of these traps were set for a few nights to catch animals for the radio-tracking, 
both to put on the collars and to remove them after the radio-tracking period. after equipping 
with transmitters (‘Biotrack’ model tW-3, weight = 2 g, with adjustable collars; see also tab. 
1), the animals were released in nest boxes and radio-tracked in June and august of 2009. 

the locations of these animals were obtained on consecutive nights, on average,  
4–5 times per night, primarily by homing in and approaching the animal at distance of 
roughly 10–20 m, rarely at visible distance of 3–5 m (in the light of an electric torch). such 
accuracy was enough to determine in most cases the microhabitat occupied by the particular 
animal. the site where the animal was located was regarded as one fix location regardless 
of the number of fixes there during the whole tracking period.

2.4. Analysis of home range and microhabitat use
Home range sizes were generated using an arcgis extension package Home range tools 

(rodgers et al. 2007). the home range area of the radio-tracked animals was calculated both 
by the Minimum convex Polygon (McP) and Kernel Home range methods. For further 
analysis we used only McP because in the case of dormice, kernel methods overestimate the 
total area capable of being visited by an individual (tab. 1). We used incremental analysis 
(Kenward 2001) to determine the number of nights required to fully reveal home range size. 
We also calculated McP home range for each night of each radio-tracked animal.
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For evaluation of the microhabitat preferences we used maps developed for foresters 
showing the distribution of different forest stands, or parcels, according to the dominant tree 
species and its age class. additionally, we mapped some features not shown on the forest map 
and independent of the forest type, e.g. presence of hazel in the shrub layer, relief depressions 
with flooded areas in spring, slopes of larger depressions, glades as well as small groups 
of aspen (Populus tremula), black and grey alder (Alnus incana). We recorded also daytime 
nest sites revealed by radio-tracking. all those specific forest components are regarded as 
microhabitats.

animal location
nest box
oak forest
home range and No of 
dormouse

0        50      100                200   Meters

Fig. 1 distribution of the forest dormice home ranges (McP 100 %) in relation both to the nest box 
 grid and the oak forest. 

Tab. 1 the overview of radio-tracked dormice.
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We plotted all the fixes on the resulting habitat map using arcgis software (esri, redlands, 
ca). as our data set was relatively small we used chi-square and Binomial test in sPss 
to analyze relationships between dormice and different types of forest and microhabitats. 
By these analyses we determined whether observations of microhabitat use (proportion of 
microhabitat in individual McP and of fixed localities within corresponding microhabitat) 
follow the pattern of habitat availability within the shared McP of all dormice (tab. 2). 

3. Results 
duration of the dormice tracking periods varied from 3 to 12 nights as it was influenced by 

technical problems ( failure and loss of transmitters). this variation in turn affects the results 
of home range calculations. Visual inspection of incremental analysis showed that home range 
size starts to stabilize differently for each animal but not before the fourth day. as the tracking 
period of dormice no. 2 (d# 2), d# 4 and d# 6 were shorter, with fewer fixes (tab. 1) their 
results do not meet the suggested standard sample of 30 locations for the outer McP analyses 
(Kenward 2001). Home ranges were therefore not fully revealed for these animals and data on 
home range size and microhabitat use were analyzed only for d# 1, d# 3 and d# 5.

the home ranges of d# 1, d# 3 and d# 5 varied from 2.91 to 4.54 ha (tab. 1). McPs of 
each night for all 6 dormice varied even more: from 0.04 up to 1.58 ha (d # 3) and 1.79 ha 
(d# 5). Mean size of the every night McP was 0,7±0,4 ha. in few cases the McPs for two 
consecutive nights of the same animal did not even overlap (except at the same daytime 
hiding place in between).

in cases when animals had a large one-night McP we recorded also long distance movements 
of that particular animal. One of the females (d# 3) traveled at least 400 m in one night when 
she moved from her daytime resting place to a foraging area and back to the same nest. the 
longest distance between two consecutive daytime nest sites of the same animal was 270 m, 
similar to that recorded in the Bialowieža Forest by šciński & Borowski (2006).

chi-square analysis and the Binomial test revealed differences in habitat use for each 
individual, i.e. non-random use of habitats (tab. 2). Female d# 1 spent all the radio-tracking 
period in the pine-dominated forest and she only once visited the oak forest. Within that pine 
forest d# 1 preferred slopes and forest edge rich with young spruce (see also Fig. 1 and Fig. 2).  
Female d# 3 utilized different forest types, mainly that dominated by birch. as her daytime 
resting place she chose a small stand of old aspens. Male d# 5 also used a wide variety of the 
forest types, but also mainly the birch forest. almost half of all fixes for this animal were in 
the forest edge , where he spent long periods in bushes growing next to the forest in a ditch 
full of water. all three dormice show clear preference to the forest with hazel in shrub layer, 
slope forest and forest edges (tab. 2).

radio-tracked dormice chose both natural hides and nest boxes as daytime resting 
places (tab. 1). in total, visitation of both types was equally frequent but different for each 
individual animal. Four of the six dormice were more often found in natural day hides. Only 
the female (d# 1), having juveniles present, stayed in the same nest box. another female 
(d# 3) was also stationary regarding the daytime hide, but she spent 6 out of 8 days in 
probably the same hollow aspen. Other dormice changed their daytime resting places. Of all 
20 natural daytime resting places, 19 most probably were in tree hollows (in aspen 12 cases, 
grey alder 5, black alder 1 and birch 1). One dormouse was located at the very top of a 60 
year old spruce, probably without any shelter or nest.
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4. Discussion
When designing our study we expected that the distribution of forest dormice within the 

study plot would be concentrated in its central part covered by mixed, mature oak forest, i.e. 
`broad-leaved forest`, the biotope which is regarded as one of those preferred by the forest 
dormouse in eastern europe (e.g. airapetyants 1983, nowakowski & Boratyński 1997). the 
radio-tracking, nevertheless, demonstrated that this was not the case. the 3 dormice, radio-
tracked for a sufficient period, visited the oak forest only episodically and dwelt mainly the 
pine or birch forest.

therefore, the question can be raised of how consistent is assessment of the preferences 
for this biotope by forest dormice, at least in a boreo-nemoral zone. spangenberg (1925) has 
already pointed out that large stands of mature oak host few forest dormice. in lithuania forest 
dormice are found only in mixed forest stands containing norway spruce with an admixture 
of scots pine and birch (Juškaitis 2003, 2005). also contradictory are data on coniferous 
forests as habitat for forest dormice. While in latvia and lithuania Dryomys lives in this 
forest type, it has usually been said (e.g. by spangenberg 1925, Popov 1960, sidorowicz 
1959, likhachev 1972, nowakowski & Boratyński 1997) that the forest dormouse avoids 
coniferous forests. 

this all indicates that the reason why dormice are attracted to certain forest stands might be 
something other than just the dominant species of canopy trees. in our study the radio-tracked 
animals showed preferences for certain parts of the forest stand. 

Firstly, they preferred those parts of the forest with a rich shrub layer. even the only parcel of 
oak forest in the study area is, in fact, just a relatively large area of a southern depression’s slope 
also with a rich shrub layer. secondly, they preferred ecotones – forest edges around the glades 
in depressions or at abandoned fields (tab. 2).

such spatial distribution of dormice in the forest might be explained by the following dormice-
habitat relationships. Firstly, the forest dormouse is, in general, regarded as a species dwelling 

0      37,5     75                150   Meters

nest box

nest box with pups

animal location

home range

forest with hazel

forest without hazel

forest on slope

glade

oak forest

Fig. 2 distribution of different microhabitats within the home range (McP 100 %) of the forest 
 dormouse (d# 1; female with pups).
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primarily in bushes and it should more exactly be called a `bush dormouse` (likhachev 1972, 
airapetyants 1983). sidorowicz (1959) also stressed that forest dormice are usually found in 
forest where hazel is growing. secondly, both the hazel, especially old growth bushes, and 
spruce in ecotones, usually has wide, horizontal branches suitable for dormice movements. as 
dormice might cover quite long distances, up to 270 m in Bialowieža Forest (šciński & Borowski 
2006) and 400 m per night in our study, the particular forest area has to be suitable for animal 
movements. Juškaitis (2005) has pointed out that in lithuania the forest dormouse prefers mixed 
norway spruce stands with birch and scots pine, as well as young norway spruce plantations 
even when pine stands occasionally prevail in the forest district. Our radio-tracked dormice did 
not visit the 30 year old spruce plantation at all, although it was part of the shared McP home 
range of all six dormice. in addition, we also spotted dormice only occasionally in pine forest 
with dense spruce in second flowering. in both cases, the spruces had relatively small branches 
bending down, obviously not so good for dormice movements. so, the spruce growing in the 
ecotone is different from that growing either as a pure stand or as the understorey in pine forest. 

thirdly, as ecotones also attract other animals, including insects (e.g. duelli et al. 2002), forest 
edges along glades are obviously good foraging areas for the forest dormice. the insectivorous 
nature of forest dormice is also well-known (airapetyants 1983, rossolimo et al. 2001). Forest 
edges as preferred habitat of the forest dormouse were pointed out by likhachev (1972). during 
the summer all depressions in our study area were more humid compared to surrounding areas 
and several researchers (Popov 1960, likhachev 1972) have also indicated a connection between 
the forest dormouse and humid microhabitats (but probably not very wet and swampy forest 
stands, see: nowakowski & Boratyński 1997).

additionally, as has been pointed out by likhachev (1972), forest dormice in northern parts of 
their distribution depend also on the presence of tree hollows. these in turn are mainly associated 
with older parts of the forest, especially with deciduous trees (sidorowicz 1959). in our study 
hollows in aspen, alders and birch were almost the only natural day hides used. 

although results of our study correspond quite well with the overall concept of habitat use by 
the forest dormouse, this study should be regarded as only preliminary. too few dormice were 
radio-tracked successfully to obtain adequate data sets and they were too individual to make 
strong generalization on microhabitat preferences in the boreo-nemoral forest. the study was 
also very brief, limited to a certain period of the summer and the weather conditions at that time.
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Habitat suitability model for the common dormouse (Muscardinus 
avellanarius) based on high-resolution climatic, landscape and forest 
inventory data 

Tobias E. REinERs, Julia nöding & JoRgE a. EncaRnação 

Abstract 
The common dormouse is a rare, hardly detectable species. Therefore its current distributional range and 

status still remain unclear. as area-wide distribution data is rarely available we used all existing datasets 
to build a spatially explicit habitat suitability model in the federal state of Hesse. For environmental 
data, we used bioclimatic, landscape and forest inventory data on a large-scale but with fine resolution 
(25 × 25 m). by applying robust statistical methods (logistic Regression, boosted Regression Trees) 
highly reliable models could be constructed. Results showed that the distribution of the dormouse on a 
large spatial scale can only be assessed by rigorously using all available distribution data in combination 
with high quality environmental data. With the aid of these models we were able to predict suitability for 
unknown areas resulting in a spatial explicit habitat suitability map.

Keywords: boosted regression trees, logistic regression, structural richness, distribution 
analysis, spatial explicit prediction

1. Introduction
Habitat suitability models (HsM) are important tools in species conservation (guisan & 

Zimmermann 2000). HsMs can constitute a spatially explicit expansion of the classical niche 
concept (austin 2007). due to technical improvements in geographic information systems 
(gis), statistical methods, and availability of high quality remote sensing data, researchers are 
able to analyze species-habitat relationships on large spatial scales. but the ability of HsMs to 
describe the species-habitat relationship is heavily dependent on prior knowledge.

at both large and small scale it is known that dormouse distribution is affected by climate (bright 
& Morris 1996, greaves et al. 2006). Temperature and precipitation are driving environmental 
factors influencing, torpor, activity and reproductive performance of the dormouse (bright et al. 
1996, Juskaitis 2005). its high dependence on climatic conditions is thought to be complemented 
by a strong link to natural high forest (capizzi et al. 2002, Hecker et al. 2003). additionally, 
structural factors inside forests influence habitat selection. light availability, understorey and 
high diversity of shrubs and herbs are important factors in dormouse habitats (bright & Morris 
1990, berg & berg 1998, capizzi et al. 2002, Panchetti et al. 2007, Juškaitis 2008). Furthermore, 
in fragmented landscapes dormouse presence is related to the size of forests and amount of 
hedgerows as either corridors or nesting places (büchner 2008, Mortelliti et al. 2009). 

Having all this information in mind the distribution of the dormouse was analyzed in central 
germany in the state of Hesse. in a part of this area (approx. one third) the distribution was 
additionally analyzed using information from forest inventory data.
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2. Material and methods

2.1. Species distribution data
The dataset for this study consisted of 257 presence and 257 absence data points in the federal 

state of Hesse (Fig. 1a). data originated from a governmental database (Hessen-Forst FEna –  
forest inventory and nature conservation agency) with 171 presence points, which mainly consist 
of data from reporting under the Eu Habitats directive (büchner et al. 2010). These were 
supplemented by data from a volunteer survey (the ‘great nut Hunt’, nabu – http://hessen.
nabu.de/projekte/nussjagd) with 86 presence points and 257 absence points, where volunteers 
did not find any signs of dormouse (Fig. 1b). To analyse structural factors within forests, we 
subsequently analyzed 100 forest stands where dormouse were present or absent in the middle 
of Hesse (Fig. 1c). Forest inventory data was only available within this area.

2.2. Landscape data
selection of environmental data was based on their ecological relevance for the target species 

(see above). The environmental data used for this analysis comprised: land-use, landscape 
composition, climate and topography (Tab. 1). For all environmental data gridded raster maps 
on a resolution of 25 × 25 m were used. Topography variables included elevation [in m above 
sea level (a.s.l.)] and slope. The land-use map (aTKis) consisted of 10 land-use classes (arable 
land, pastures and grassland, discontinuous urban areas, dense urban areas, deciduous forest, 
coniferous forest, mixed forests, orchards and coppice, open space, water bodies). aTKis 

Fig. 1 spatial scales and distributional datasets used in this study. A: germany with federal state 
 of Hesse highlighted in grey, B: distribution dataset for whole state, C: Middle Hesse with 
 presence and absence. Forest inventory data were only available in the Middle Hesse region. 
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stands for authoritative Topographic cartographic information system and is a joint project 
of all german mapping agencies comprising an object-orientated vector database at the scale 
of 1 : 25,000. derived landscape composition variables included percent cover of 8 land-use 
classes, land-use diversity (shannon-index) and landscape fragmentation (interspersion and 
Juxtaposition index iJi). landscape composition variables were estimated within a radius of 
1000m and were calculated with slicER 2.0 (http://www.sfb299.de/slicer).

Five climate variables (biocliM – bioclimatic variables) were included in the analysis 
(Hijmans et al. 2005 – http://www.worldclim.org/bioclim). bioclimatic variables are derived from 
the monthly temperature and rainfall values in order to generate more biologically meaningful 
variables. To account for species biology, temperature and precipitation for the warmest period 
(summer) and for the coldest quarter (winter) as well as temperature seasonality were used.

additional information about forest stands, each comprising data on tree species, age and 
percentage of coniferous trees were used for the central part of Hesse. These data were provided 
by a governmental database (Hessen-Forst FEna).

Tab. 1 Variables used in the state-wide distribution model with data source. 

Variables Data source

Landscape

10 land-use classes

aTKis
8 land-use densities (1000 m)

shannon-diversity

interspersion-und Juxtapositionsindex

Topography
Elevation meter a.s.l.

dEM
slope

Climate

Max. temperature (warmest period)

biocliM

Mean precipitation  (warmest period)

Mean temperature (coldest quarter)

Mean precipitation (coldest quarter)

Temperature seasonality

2.3. Statistical modeling approaches
in this study we used two well-established methods for presence–absence models: 

logistic Regression and boosted Regression Trees (bRTs) (Elith & graham 2009). in the 
first instance we used logistic regression (generalized linear Model with binomial error 
structure and logit-link function) starting with a full model including all potentially relevant 
variables. The number of variables was reduced using aic (akaike information criterion 
(burnham & anderson 2000) and included afterwards only the set of variables with the most 
relevant contribution to model fit, leading to the simplest model with highest explanatory 
value (using stepaic function in the R statistical program). bRTs were constructed using 
the library gbm version 1.5–7 in the R statistical program (Ridgeway 2008, Elith et al. 2008, 
R development core Team 2008). as part of the final model, bRT assesses the relative 
importance (or contribution) of each variable to the final bRT model. This measure is based 
on the number of times a variable is selected for splitting in the regression trees. as part of 
the gbm.step each model is evaluated with auc values with internal cross-validation.
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Habitat suitability maps were generated using the arcMap tool gEPaRd 2.1 (gottschalk 
et al. 2007; available at www.uni-giessen.de/cms/gepard2) within the EsRi arcgis9.3 
environment with aid of the spatial analyst extension

in order to assess the relative performance of the models, area under the receiver 
operating characteristic curve (auc) were calculated using a 5-fold cross validation and 
running 100 permutations. auc values range from 0.5 for models with no predictive ability 
to 1.0 for models giving perfect predictions.

3. Results 
Model results showed that occurrence of common dormouse is related to landscape features 

and climatic conditions (Tab. 2). The logistic Regression model had outstanding discriminative 
ability (auc = 0.93). nearly all dormouse presences were found in deciduous forest (n = 67), 
coniferous forest (n = 32), mixed forest (n = 113) types and in hedgerows (n = 45). only 10 
presences were found outside these land-use classes, mainly in urban areas (towns). it can be 
considered that this is due to spatial vagueness (25 × 25 m) of land use maps. 

all absence points were randomly distributed over land-use classes with the highest 
number in urban areas (n = 148). land-use (categorical and continuous variables derived 
from aTKis) was the best predictor for dormouse occurrence with relative influence of 
79.5 % in bRT models. bRT analyses showed that climate variables significantly explained    

Tab. 2  coefficients of logistic Regression and bRT relative contributions for the state-wide model. 
 (***P < 0.001, **P < 0.01, *P < 0.05, .P > 0.1).

Variable 
Group      Coeffizient Standard 

error
Signifi-
cance

Relative 
Influence 
in BRT

Intercept arable land -167.2 87.6 .

79.6  %

L
an

ds
ca

pe

Pasture      -0.62 0.93

urban (cities)    -18.12 1.80

urban (towns)      -3.15 0.89 ***

Hedegrows       2.46 0.73 ***

decidious Forest       2.82 0.70 ***

coniferous forest       3.78 0.86 ***

Mixed forest       3.69 0.72 ***

Water    -18.20 2.50

residential area in 1km radius [%]       0.03 0.02 .

hedgerow area in 1km  radius [%]       0.11 0.07

C
lim

at
e

Max. temperature in warmest period       2.48 0.91 **
 7.6 %

Max. temperature in warmest period²       -0.005   0.002 *

Precipitation of driest month     -0.87 0.42 *
 4.9 %

Precipitation of driest month²        0.009   0.004 .

Mean temperature of coldest quarter     -0.54 0.17 **  2.5 %

Temperature seasonality     -0.02 0.01 **  5.4 %
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distribution, with highest explanatory value for maximum temperature in the warmest 
period (7.6 %). altogether climate variables had a relative influence of 20.4 % in the bRT 
model. For the state-wide model, logistic Regression predicted 78.0 % of forest areas to be 
suitable for dormouse. differentiation within forests was mainly due to climatic constraints.

The bRT model (auc = 0.74) based on 50 forest stands with dormouse and 50 forest 
stands without dormouse revealed that forest age (rel. inf. = 31.8 %), count of tree species 
(rel. inf. = 17.4 %) and percentage of conifers (rel. inf. = 19.5 %) in combination with 
maximum temperature in the warmest period (rel. inf. = 31.3 %) were best predictors 
for habitat suitability. Response curves of bRT analyses showed that forest stands are 
suitable for the dormouse above an age of 50 years with an optimum at 80 years (Fig. 2a). 
Furthermore forests are more suitable with more than five tree species present (Fig. 2b) 
and with a small amount of conifers (up to 9 %, Fig. 2d). The maximum temperature in the 
warmest period was the only climate variable to be significant on the smaller regional scale 
with temperatures above 22.5°c promoting high suitability for the dormouse (Fig. 2c).

A: Age of forest B: Count of tree species 

C: Max. Temperature °C D: % Coniferous trees

Fig. 2 Partial Response curves of bRT analysis for common dormouse habitat selection for forest 
 stands. Each curve displays the habitat suitability dependent on environmental variables. a  
 habitat suitability value above 0.5 (dashed line) indicates a positive effect for a given  
 variable value.
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4. Discussion
analyses in this study showed that the distribution of the common dormouse is shaped 

by climatic constraints. climatic variables were included in a state-wide model as well as 
regional model. This relationship may be due to torpor behaviour of the dormouse which is 
triggered by ambient temperature (bright & Morris 1996, Juškaitis 2005).

state-wide analyses showed that dormouse distribution is not restricted to any specific 
forest type. dormice were present in deciduous and coniferous woodland as well as in 
hedgerows, with some preference for mixed forest. These findings are conform to past 
studies, where dormice had some preference for broadleaved forest, but were also found in 
forest with high amounts of coniferous trees (chanin & Woods 2003, Juskaitis 2007). This 
study also pointed out that hedgerows are important habitat either as corridors or nesting 
places. Hedgerows constitute an important habitat element (Ehlers 2009) and landscapes 
with high amounts of hedgerows are more suitable for the dormouse (capizzi et al. 2002, 
Mortelliti et al. 2009). However, state-wide analyses also illustrated that climatic constraints 
and preference for only four land-use types are not enough to explain the distribution of 
dormice on a smaller scale.

by using forest inventory data the habitat preference of dormice within forests could 
be further discriminated. inside forests, suitability is strongly dependent on tree species 
diversity, forest age and amount of coniferous trees. These findings were also supported 
by vegetation mapping inside 12 forest stands, where scrub species richness was highly 
correlated with tree species richness (R² = 83.4 %, p < 0.001) (nöding 2011). all three 
variables promote the idea that optimal dormouse habitats are characterized by high floral 

Fig. 3 suitable forest area in the study region based on forest inventory and climatic data.
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richness and a diverse understory. Tree species diversity was highest in forest stands at the 
medium succession stage (50–100 years). Many tree species together with some coniferous 
trees supported the development of a diverse understory with many shrub and herb species. 
in line with other studies, shrub species and cover are the most important factors for optimal 
common dormouse habitats (bright & Morris 1990, berg & berg 1998, capizzi et al. 2002). 
in summary, structural richness inside forest stands was directly associated with tree species 
composition and forest age. To analyze dormouse habitat distribution at the detailed local 
level, data on forest stands have to be included.

in addition this study showed that models based on forest inventory data are meaningful 
but still have limited ability to predict dormouse occurrence and absence (auc = 0.7). This 
limitation may be due to additional abiotic and biotic factors influencing dormouse distribution 
which were not included in models so far (e.g. intraspecific competition, tree hole availability, 
forest managing practices). These have to be tested in future studies.

This study will provide a basis for future conservation measures and will also be useful in 
related fields of dormouse research and conservation e.g. the influence of habitat fragmentation. 
This analysis also highlighted the importance of climatic conditions on a large spatial scale. 
This will be increasingly important when considering changing climatic conditions.
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Monitoring and a population study of the common dormouse 
(Muscardinus avellanarius) in Flanders (Belgium) 

Goedele Verbeylen 

Abstract 
In 2007 we started standardised monitoring of the Flemish common dormouse population, which is 

limited to the eastern part of the municipality of Voeren, by a yearly nest count along 16 fixed transects 
in autumn. based on the number of nests, trend indices were calculated. In summer 2010 a capture-
mark-recapture study was set up to obtain more detailed information. Hair samples are collected for 
microsatellite dnA analysis by the University of liège. Preliminary results of these studies are presented.

Keywords: nest counts, trend index, capture-mark-recapture, microsatellite dnA analysis

1. Introduction
The common dormouse (Muscardinus avellanarius) is a strictly protected species in 

europe (Habitats directive annex IV, bern Convention annex III). In Flanders it is protected 
by the Flemish decree of 2009 and classified as ‘threatened’ on the (outdated) Flemish red 
list of Mammals (Criel et al. 1994). Surveys conducted by the Mammal Working Group 
of natuurpunt Study in 2003–2006 revealed that the whole Flemish common dormouse 
population seems to be reduced to the eastern part of the municipality of Voeren, where it is 
connected to the dutch population (Verbeylen 2009). The total Flemish-dutch population is 
roughly estimated to be 500 to 1000 individuals.

We have monitored the Flemish dormouse population and habitat quality since 2007. In 
2010 we started a population study to obtain more information on the degree of isolation 
of the dormouse areas and viability of the local dormouse populations, by looking at 
movements and dispersal and at genetic parameters. We also wanted to collect additional 
data on population size, composition (age, sex), reproduction, survival and habitat use. 
This information will allow us to improve protection measures and give better management 
advice, e.g. on the necessity of constructing certain habitat corridors. In this article we 
report some preliminary results of our research.

2. Material and methods

2.1. Monitoring
The standardised monitoring of the remaining Flemish common dormouse population in 

Voeren was set up in 2007. Since the Flemish common dormouse population is connected to 
the dutch population (monitored since 1992) the dutch monitoring protocol was adopted. 
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The dutch method involves searching for common dormouse nests in suitable edge 
vegetation along established transects (Verheggen et al. 2004, Foppen et al. 2007) and 
showed that over the years fluctuations of the total number of nests along the total number 
of transects offer a good measure for changes in the population. The monitoring period starts 
at September 15th and ends at november 15th. each transect is visited twice and at least one 
of these two rounds should be in october (optimal search period). each transect is searched 
yearly in the same way by the same volunteers. besides indicating the location of each nest 
on a map, other parameters that may be of interest for later analyses are registered, like nest 
status, type, size, composition, height, carrier plant and number and age of common dormice 
present. during the monitoring, changes in habitat quality are also registered, which may 
help us to interpret changes in the number of nests found.

Since the common dormouse population in Voeren is very small, it was possible to define 
one or more transects for each forest or area where the species is present. based on the 
locations of nests found in the previous years and the presence of suitable edge habitat, 16 
transects were defined (see Fig. 3 in Verbeylen 2009).

The programs birdSTATs 2.0 (www.ebcc.info/trim.html) and TrIM 3.54 (Pannenkoek & 
Van Strien 1996) were used to calculate trend indices.

2.2. Population study
2.2.1. Capture-mark-recapture study
We started a capture-mark-recapture study in August 2010 in a group of forests and railroad 

verges that are connected to different degrees: forests n° 2 and n° 3, the northern part of forest 
n° 4 and railroad verges n° 1 and n° 5 (see Fig. 1).

In this area 156 nest boxes were put up at ± 100 m intervals in edges with known dormouse 
presence. These nest boxes are checked every fortnight from the end of March till the 
beginning of december. If dormice are present, they are captured using a zip-up bag that we 
designed for this purpose (Fig. 2). This bag is made of soft mosquito-netting. on one end it has 
a Plexiglass square (A) that can be slid under the lid of the nest box and fitted over the nest box 
opening without having to open the lid so wide that the animals can escape. After that the lid 
can be opened completely and the bag can be turned inside out to reach for the animals in the 
nest box. once the animals are in the bag, it can be closed using the string (b) and zipped off 
(C) for further handling. each animal weighing over 10 g is marked individually using a PIT 
tag (Id100, Trovan, 12 × 2 mm), weighed, sexed and reproductive status and fur colour are 
noted. A hair sample is taken and stored in 96 % ethanol. The animal is put back in its nest box 
together with 5 hazelnuts to compensate for the stress of being handled and marked. Twenty 
dormice were PIT tagged in 2010 and 86 in 2011 (Tab. 1).

Two hazelnuts are put in each nest box to obtain more information on nest box use by 
dormice and other species (mainly wood mouse Apodemus sylvaticus and bank vole Myodes 
glareolus) based on gnawing signs. 

In edges without known dormouse presence 128 nest tubes were put up at ± 100 m intervals 
and checked monthly (Morris & Temple 1998). nest tubes are replaced by nest boxes once 
dormouse presence is determined.

In area n° 1 automatic decoders (that register when which marked animal visits the nest 
box) were installed in 6 of the nest boxes to obtain more information on nest box use by PIT 
tagged animals.
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Fig. 1 Set-up of the study area for the capture-mark-recapture study (circles = nest boxes, 
 squares = nest tubes) and the genetic study (triangles = nest boxes). The grey line indicates  
 the border of the municipality of Voeren. numbers indicate the different sub-areas: forests n° 2  
 (broekbos), n° 3 (Konenbos), n° 4 (Veursbos/roodbos/Vossenaerde), n° 6 (Vrouwenbos/ 
 Stroevenbos/Sint-Gillisbos), n° 7 (lobos) and n° 8 (Teuvenerberg/Gulpdal/obsinnich) and  
 railroad verges n° 1 (western railroad verges) and n° 5 (eastern railroad verges).

Fig. 2 Zip-up bag (design: Goedele Verbeylen & Ivo Vanseuningen).



Goedele Verbeylen98

2.2.2. Genetic study
Hair samples are collected not only in the capture-mark-recapture area, but also in all other 

dormouse areas in Voeren. For this purpose 86 nest boxes were put up temporarily in forests 
n° 6, n° 7 and n° 8 and in the southern part of forest n° 4. Animals are not PIT tagged but 
only temporarily marked by fur clipping to avoid as much as possible the collection of several 
hair samples in one season from the same animal. Samples are sent to the University of liège 
for microsatellite dnA analysis. When 10–15 hair samples are collected from the 4 forests, 
this is considered sufficient and nest boxes are removed. In 2009–2011 hair samples have been 
collected from 190 dormice (including the 106 PIT tagged animals, Tab. 1).

3. Results 
3.1. Monitoring
The number of common dormouse nests varied between the years, with 2011 being the best 

year so far with a total of 297 nests (Tab. 2, Fig. 3). In 2011 nests were also found further 
outside the forests in hedges and hedgerows. each year about 50 to 60 % of all nests are 
found in the railroad verges and about 10 to 20 % in the Flemish forest reserves. In the nest 
boxes present along the transects in 2011 a total of 28 dormouse nests were found during 
the monitoring period. For comparison we also give the birdSTATs indices for the dutch 
dormouse population (Fig. 3).

Fig. 3 birdSTATs indices for the monitored common dormouse population in The netherlands 
 (source: dutch Mammal Society and Statistics netherlands) and Flanders. Flemish data from  
 2005 and 2006 date from before the start of the standardised monitoring and may be an  
 underestimation.
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Tab. 1  number of common dormice (adults + subadults) that were PIT tagged as well as hair 
 sampled (tag) and that were hair sampled but not PIT tagged (hair). locations of the areas  
 are given on figure 1. 

Area n° Size (ha)
2009 2010 2011
hair tag hair tag hair

1 8 15 12 12 35 5

2 36 0 3 0 8 1

3 12 0 0 0 6 0

4 172 0 0 0 23 6

5 12 0 5 6 14 0

6 212 0 0 0 0 13

7 4 0 0 0 0 0

8 193 0 0 3 0 23

Total 15 20 21 86 48

Tab. 2  number of common dormouse nests per year per monitoring transect (see figure 3 in 
 Verbeylen 2009 for transect locations). For 2005 and 2006 (before the standardised  
 monitoring started) the number of nests is given for transects that were sufficiently searched. 

Transect 
n° Transect name Area 

n°
Length 

(m)
Number of nests

2005 2006 2007 2008 2009 2010 2011
1 Broekbos 2 1513  13 10 3 4 4 7

2 Konenbos 3 2776 3 7 7 5 2 6 9

10 Railroad verge 1 5 2455  4 14 12 1 12 27

11 Railroad verge 2 5 2023  5 13 13 17 10 18

3 Railroad verge 3 south 1 2531   37 18 24 41 26

4 Railroad verge 3 north 1 938   21 8 16 24 21

5 Railroad verge 4 south 1 2474  3 14 7 8 13 11

6 Railroad verge 4 north 1 1823   19 7 14 18 13

7 Teuvenerberg north 8 2578  10 14 5 35 26 35

8 Teuvenerberg south 8 1563 2 1 8 4 7 8 5

9 Obsinnich 8 1922 2 5 9 3 7 1 0

12 Veursbos northwest 4 2400 2 6 6 4 2 2 19

13 Veursbos south 4 2825  4 10 8 9 5 11

15 Veursbos northeast 4 3721  2 19 7 8 20 40

16 Veursbos middlewest 4 440   0 0 0 0 6

14 Vrouwenbos 6 3267 1 2 22 8 16 26 49

Total number of nests 223 112 170 216 297
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3.2. Population study
3.2.1. Nest box use
From 2009 till the beginning of September 2011 dormice were found in 34 different nest 

boxes. In 12 additional nest boxes only dormouse nests were found and in 16 more nest boxes 
we could determine that dormice had gnawed hazelnuts.

3.2.2. Recaptures, movements and dispersal
Up till november 2011, 37 animals (tagged or fur clipped) were recaptured at least once 

(and up to 4 times); 26 of these animals were recaptured at the next check (usually 2 weeks 
later) still in the same nest box. Seven other animals used the same nest box again during one 
of the following checks within the next 2 months. one animal used the same nest box again 
after hibernation. Three dormice moved between nest boxes and were found 2 weeks later in 
nest boxes 40 m, 95 m and 165 m further away.

The automatic decoders showed for example that two animals marked in the same nest 
box in october 2010 visited a nest box 50 m further several times in April 2011. A dormouse 
marked in october 2011 in a decoder nest box visited another decoder nest box 360 m away 
on the same night. It had to cross either a small railroad bridge of 12 m or a road of 8 m, and 
a forestry track of 3 m. Two days later the animal returned.

3.2.3. Reproduction
during our surveys and monitoring we found young animals from September until early 

december. our population study revealed additional data: on July 31, 2010, we found young 
of at most 1 week old in a nest box, and on June 10, 2011, a nest tube was occupied by a 
mother with 5 young of about 15 days old.

3.2.4. Genetics
The first 70 hair samples have already been analysed by the University of liège (Mouton 

et al. 2011). Preliminary results show that there are 2 genetic clusters with low gene flow 
between them: areas n° 1-2-4 and n° 5-8. 

4. Discussion
4.1. Monitoring
The population index based on the number of nests found during the monitoring shows 

yearly fluctuations. This includes the impacts of changes in suitability of the edge vegetation 
and of yearly changes in food availability. Since a suitable edge vegetation is considered the 
best habitat for dormice in autumn, we could assume that the number of nests we find there 
is a good relative measure for the total population size. However, it is possible though that in 
years with less food and shelter in the edges the population will not decrease but a larger part 
of the population will stay in other parts of the forest where we did not study them. If this were 
the case, then by counting nests we are measuring edge suitability rather than total population 
size. A study in all parts of the forest would be useful.

The Flemish indices show a strong increase for now, but we did not calculate the significance 
level since monitoring over a much longer period is necessary to determine the trend in the 
yearly number of common dormouse nests. Index fluctuations are very similar for the Flemish 
and dutch population, which is to be expected since both populations are connected. 
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We anticipated finding many dormouse nests in 2011, in view of the very good fruiting and 
successful reproduction with many young dormice in the autumn. The number of nests for 2011 
may even be slightly underestimated, since then nests in nest boxes were also present along the 
transects. If we correct the data by including half of the nests found in the nest boxes (since for 
free nests it is supposed that we find about 50 % of the nests that are present, while for nest boxes 
all nests present are found), the index value for 2011 is slightly higher (141 instead of 133).

There were significant differences between the individual transects (Tab. 2), with some 
transects doing (much) better than last year and others doing (much) worse. We cannot 
always explain this, but in several cases it could be due to changes in habitat quality. The two 
following examples show that monitoring habitat quality along the transects as well as the 
number of nests gives helpful input in interpreting the monitoring data and determining the 
effect of certain management actions. Along transect 10 the number of nests was very low in 
2009 as a result of mowing and flailing the railroad verge over a long distance. In the same 
year the neighbouring transect 11 had a high number of nests. We do not know if the animals 
moved from transect 10 to 11. by autumn 2010 the railroad vegetation along transect 10 had 
recovered and the number of nests increased. Anb (Flemish Agency for nature and Forest, 
responsible for giving permits for management actions that might affect protected species) 
made a railroad verge maintenance schedule based on our advice. Infrabel (the service 
responsible for railroad management) has to follow this schedule. Since a large proportion 
of the nests is found in the railroad verges, good management of these areas is of paramount 
importance for the survival of the dormouse population. Also the Flemish forest reserves are 
very important. Anb manages these reserves and more and more of the surrounding open 
areas, and works on creating better habitat and landscape scale links. A few years ago they cut 
for example several large beeches in the forest edge along transect 16, which led to denser and 
higher shrubs and presence of dormouse nests for the first time in 2011.

4.2. Population study
The data we present here from our population study are still very preliminary. Most 

animals were marked in autumn 2011 and were mainly young animals that still had to settle 
in their own territory. In 2012 we will try to recapture as many as possible of these animals 
to obtain more information on densities, movements and dispersal. That population densities 
depend on habitat quality is already shown by the high number of dormice captured along 
the western railroad verges (area n° 1), which have high quality edge vegetation.

Putting hazelnuts in the nest boxes and using automatic decoders seem to be helpful 
methods in collecting additional information on presence and movements of dormice. our 
data on distances travelled by dormice are within the range of other studies and also the 
crossing of a road or small railroad bridge is not exceptional (Juškaitis & büchner 2010). 
The genetic data confirm that there are regular movements between the areas that lie closest 
together. The distance between the two genetic clusters (shortest distance: 700 m) may be 
too long for dormice to (regularly) cross.

Previously we only had data on reproduction from autumn. our population study showed 
that young are born from the end of May onwards, which is similar to other studies (Juškaitis 
& büchner 2010). This means that negative management actions should not just be avoided 
in autumn, but can also have a large impact earlier in the season.

Continued study and participation of all interested parties will be necessary to take better 
protection measures and make a large network of suitable and connected areas to ensure 
long-term survival of the remaining common dormouse population. 
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The National Dormouse Monitoring Programme in Britain 

Ian WhIte

Abstract
the national Dormouse Monitoring Programme (nDMP) was established in 1988, this paper considers 

why it was set up, what it has achieved over its 22 year history, the limitations of the methodology and 
future development of the programme. 

Keywords: Dormice, volunteers, nest box, population trend, habitat

1. Introduction
there had been very few studies on hazel dormice Muscardinus avellanarius in Britain 

before the 1980s. although people were familiar with their presence in woodlands, knowledge 
of the species was limited, with even basic data such as body weight given inaccurately in 
the handbook of British Mammals in 1977 (Corbet & Southern 1977). elaine hurrell had 
published two booklets on the species, (hurrell 1962, hurrell 1980) and there had been two 
papers published in Mammal Review.  One of these, the Mammal Society Dormouse Survey 
(hurrell & McIntosh 1984) suggested that there had been a decline in both the range and 
population size of the dormouse in Britain. this prompted the nature Conservancy Council 
(later english nature) to fund Pat Morris and Paul Bright of Royal holloway, University of 
London to investigate the question of why dormice are rare in Britain. the discovery, by Doug 
Woods, that dormice would readily use special nest boxes made it possible that this question, 
and general dormouse ecology, could be investigated. In 1988 boxes were put up at 5 sites in 
Somerset and herefordshire and over 35 visits, 384 dormice were found and biometric data 
recorded. Since then, nest boxes have been positioned at many other sites to achieve regular 
monitoring of the species across england and Wales, a system now known as the national 
Dormouse Monitoring Programme (nDMP). 

In the early years of the nDMP sites were added in Cumbria and in the east of the 
england, with 26 sites submitting data in 1992, including the most northerly population in 
northumberland. the following year saw the first dormouse reintroduction into a woodland 
in Cambridgeshire and the second took place two years later in nottinghamshire (Bright & 
Morris 2002). In 1999 more sites started submitting data from sites in Kent affected by the 
construction of the Channel tunnel rail link to London and by 2002 there were 141 sites in the 
nDMP with a good distribution across the current dormouse range. In 2009 no records were 
submitted from northumberland due to the absence of a licensed monitor, but dormice were 
still considered to be present in the county. In 2010, 253 sites were monitored, 18,673 boxes 
were checked and 6,156 dormice were recorded. a total of 40 sites recorded no dormice, three 
of these being reintroduction sites but others were from within the current core range including 
Kent, Surrey, Sussex and Devon. 
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2. Material and methods
the nDMP requires a minimum of 50 boxes to be erected approximately 20 metres apart, 

at a site where dormice are known to be present. they are checked a minimum of twice a year 
in either May or June and in September or October to give an indication of the pre-breeding 
and post-breeding population. the number of dormice found in the boxes is recorded along 
with basic biometric data such as sex and weight, and the results are submitted annually to the 
People’s trust for endangered Species (PteS). the cumulative results provide the data for the 
national dormouse population trend analysis. 

3. Results
the only academic study of the nDMP so far was undertaken by Sanderson (2004) who 

sought to evaluate the nDMP as a means of monitoring the dormouse population in Britain, 
assess the factors that influence dormouse abundance and evaluate woodland management 
for increasing local dormouse populations. It was identified from early results in the nDMP 
that dormouse abundance had declined in the 1990s and that the monitoring programme 
was sufficiently powerful to be able to detect, within 10 years, a future population decline 
equivalent to 50 % over 25 years. Dormouse abundance was strongly influenced by both 
weather and habitat and it was considered that both habitat quality and connectivity were vital 
to the long-term survival of dormice in Britain.

In 2009 the nDMP was 21 years old and a national dormouse population trend analysis 
showed that the population decline appeared to be slowing. national media picked up the story 
stating ‘twenty one years of continuous monitoring, meticulously planned reintroduction 
programmes and the efforts of hundreds of volunteers seem to have paid off as wildlife 
charity the People’s trust for endangered Species reveals that the threatened hazel dormice is 
beginning to show early signs of recovery’. 

4. Discussion
the nDMP was set up to study dormouse ecology and the national population trend but in 

addition it also provides an opportunity to encourage people to interact with wildlife, become 
involved in a national mammal monitoring programme and explore their local woodlands. the 
presence of dormice can also encourage sympathetic woodland and hedgerow management at 
both a local and landscape level. 

the steady increase in the number of nDMP sites over the past 22 years means that there is 
a similar increase in the number of people involved in dormouse conservation and associated 
activities relating to habitat study and management. this increase gives a greater opportunity 
for improved training for both professional ecological consultants and voluntary monitors. 
nDMP sites need nest boxes and in 2010 PteS arranged for some to be made at Doncaster 
Prison, using locally sourced timber. By 2011 over 1,100 boxes made at the prison were being 
used at 21 locations in england and Wales either to replace old boxes or to set up new sites. 
at some of these sites non- conservation groups helped put up the boxes and improved their 
knowledge of dormice and the conservation of the species. as the number of nDMP sites 
and the people involved in their management and monitoring increases so general awareness 
of dormice, and the issues they highlight, is raised.  as the nDMP relies predominantly on 
volunteers and with approximately five workers at each site, there are now at least 1,200 
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people involved in dormouse conservation in Britain. In 2009 to thank the volunteers for their 
on-going assistance with the programme, PteS sent them all a monogrammed ‘Go nuts for 
Dormice’ duster along with a dormouse cookie cutter. this, and a specially designed dormouse 
collection box, helped raise £1,200 for further conservation work

the ‘Dormouse Initiative’ was first published in 1992 as a typewritten document to support 
early dormouse monitors. the publication, whose title has changed to the ‘Dormouse Monitor’, 
is now a full colour publication that is published twice a year and includes research news from 
Britain and updates from around the world to inform local volunteers and the international 
dormouse community. In Britain many voluntary local groups have developed such as the 
Sussex Dormouse Group and the northwest Dormouse Partnership. these serve to promote 
dormouse conservation in their area and some seek grant funding for projects that are based 
on dormice as a key species. It is important to provide national support to both individuals 
and local groups to ensure there is both communication and shared practice between monitors. 
Greater communication has been enhanced by establishing an internet forum for discussion 
among national and international dormouse workers.

the nDMP has proved a powerful tool to measure dormouse population trends and to 
engage volunteers but it does have some important limitations. an nDMP site is set up where 
dormice are known to exist, but although it is known that habitat is important for dormouse 
survival there has been no quantitative measure of habitat quality included in the nDMP. 
hence if dormouse abundance changes over time there has been no indication of whether the 
habitat has altered locally. to address this problem dormouse monitors at each site were asked 
to complete a simple habitat structure survey at each box. the survey consisted of scoring the 
shrub layer between one and five from ‘sparse’ to ‘very dense’ and the canopy layer between a 
and D as it increased in 25 % area cover. the expectation was that high canopy cover and dense 
shrub layer would not co-exist; that dormice would be more likely to be recorded in areas of 
low canopy cover and dense shrub layer; that dormice would be less likely to be present in 
areas of high canopy cover and some shrub layer and least likely to be present in areas of 
sparse shrub layer. Unfortunately an initial analysis of the data indicated that dormice are 
either very general in their use of woodland habitat or that the survey method is too crude to 
identify differences in habitat in the preferred areas for dormice.  Further work will continue to 
try and identify an improved methodology to measure both habitat quality and habitat change. 

although it is important to nurture monitoring at new sites it is similarly important that 
existing local sites continue to be supported and appropriate habitat management encouraged 
if resources are available. Using radio tracking Bright and Morris (1992) identified that 
dormice had difficulty travelling through derelict coppice due to the increase in numbers of 
vertical stems and that they benefited from coppicing which promotes the development of 
the understory and sprawling, interconnected branches. this message may have been lost 
to a new generation of woodland managers as anecdotal evidence indicates a reluctance to 
manage derelict coppice where dormice are known to be present.  Monitors at Siccaridge 
Woods, a coppice woodland in south west england, have been recording and submitting data 
to the nDMP since 1990 and it is known that there has been no woodland management during 
that time in the area where the dormouse nest boxes were sited. although the average spring 
and autumn numbers of dormice have fluctuated at the site the long term trend indicates a 
population decline (Fig. 1). there is however, ongoing management in other parts of Siccaridge 
wood and hence it is likely that the dormouse population of the wood is stable.
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the nDMP is a survey that relies very heavily on volunteer effort.  While this enables a 
large amount of data to be collected, it also requires a constant training effort to ensure that 
the information is of reliable quality. the biometric data  recorded for the nDMP is ‘sex’, 
‘activity’, ‘weight’, ‘breeding condition’ and ‘age’. Where ‘sex’ or ‘weight’ is not recorded it 
implies that either the animals were too young to sex or weigh, they escaped or the monitor 
lacked confidence to handle or reliably sex the animals. the number of records with either 
no ‘sex’ or no ‘weight’ has been relatively stable since 1988, but unfortunately the number 
of records where neither ‘sex’ nor ‘weight’ has been recorded has been rising steadily. this 
implies that an increasing number of monitors are lacking confidence to handle dormice and 
that there is a greater need to improve training for dormouse workers.

In the future it would be useful to develop a habitat management survey that shows how the 
habitat at individual sites is changing over time so a correlation between numbers of recorded 
dormice and habitat quality can be investigated. this could encourage habitat management 
at existing, new or potential sites. It would also be useful to encourage new sites in specific 
geographic areas to show local dormouse population trends. Statistically at least 40 sites are 
required to identify regional dormouse population trends from the nDMP and currently only 
two counties in Britain have that number. In addition, if new habitat surveys are required and 
new volunteers are needed to monitor new sites, on-going training is required to ensure that 
the collected data is more robust.

the nDMP celebrated its 21st anniversary in 2009 and it is hoped that it will be able to 
celebrate its 50th anniversary in 2038. there is no ‘quick fix’ for the dormouse in Britain. 
the population has been declining for at least the last 100 years and it may take at least that 
time to begin to reverse the trend. at least we now have a mechanism for monitoring what is 
happening and, potentially, for guiding our future response.
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Fig. 1 the spring and autumn average number of dormice recorded at Siccaridge Wood in 
 Gloucester between 1990 and 2010. the dotted lines indicate the long term trend in numbers  
 recorded.
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Abstract 
the geographic range of the hazel dormouse (Muscardinus avellanarius) in sweden has never been 

documented. this review indicates that the species' distribution is within the area that was expected, with 
the main concentration being further west than was previously known. Populations seem to be relatively 
large and stable throughout most of the Boreal region, with the total population in at 2 million adults. 
the hazel dormouse is present in a greater variety of habitats than was expected, especially in the central 
portion of its range. Population densities seem to be low with a few adults per hectare in the Boreal region 
of the country, but very high in parts of the Continental region with up to 15 (in some areas more than 20) 
adults per hectare. the hazel dormouse is stable and widespread in large, contiguous forested areas with 
long continuity of forest in the southern part of the Boreal region in sweden. the lack of suitable habitats 
in the Continental region of the country is a serious threat to the species' survival here and it can probably 
only survive in protected areas.

Keywords: dormice, population density, geographic range, habitat requirements

1. Introduction
the hazel dormouse Muscardinus avellanarius is one of the rarest inhabitants in the 

county district of skåne. it was found 1845–1847 for the first time in sweden in skåne 
County near the esperöd national nature reserve (nilsson 1847). one of the present authors, 
Christer Persson, has worked at the County Administrative Board of skåne during the past 
25 years dealing with nature conservation and protecting habitats for endangered species. 
the County Board has made great efforts to secure the presence of the dormouse in the 
County (Persson & Berglund 1992, larsson 1993, larsson & risinger 1993, lagerlöf 2001, 
Persson & Berglund 2002, Persson & Berglund 2009). the other author, Boris Berglund, 
has compiled an inventory of sites for the dormouse in sweden during the last 35 years, but 
has only published a few reports (Berglund 1978, Berglund 1994, Berglund 1996, Berglund 
& Wretenberg 2009, Berglund & lindholm 2010, Berglund & Persson 2011). Berglund has 
been engaged by the counties several times as an expert on dormice. 

sweden has been a member of the european union since 1995 and is part of the natura 
2000 network. the hazel dormouse is listed under appendix 4 in the eu habitats directive 
(Council directive 92/43/eeC of 21 May 1992). Article 11 says that member states shall 
undertake surveillance of the conservation status of the natural habitats and species referred 
to in Article 2 with particular regard to priority natural habitat types and priority species. 
since there is no comprehensive documentation of the presence of the hazel dormouse in 
sweden the County Administrative Board of skåne chose to publish a brief summary of the 
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data Boris Berglund has collected over the years as a basis for reporting to the eu on the 
species' status in the country (Berglund & Persson 2011). this work has been conducted 
mainly on a voluntary basis, but also partly on behalf of the County Administrative Board of 
skåne, halland, Jönköping and Örebro, the swedish university of Agricultural sciences in 
uppsala (slu), the swedish society for nature Conservation (snF), gothenburg and Borås 
City and the council districts of ulricehamn, svenljunga, Mark and tranemo.

Fig. 1 records of the hazel dormouse (Muscardinus avellanarius) in sweden from 1977 to 2011 
 on a 5 × 5 km grid (dark squares: own data; light squares: supplementary data from  
 literature). scale approx 1:3 000 000.
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2. Material and methods
this report is based on the examination of previous findings (nilsson 1847, Brehm 1874, 

Arwidsson 1926, hansen 1942, dahm 1945, hallander 1946, Bliding 1951, Christoffersson 
1964, rytterås 1971, rytterås 1974, Berglund 1978, Ahlén 1990, Berg 1990, Berglund 1994, 
Berg 1996, Berg 1997, Berg & Berg 1998, Berg & Berg 1999, Berglund & Wretenberg 
2009, danielsson et al. 2009, Berglund & lindholm 2010, Berglund & Persson 2011) as 
well as random surveys, including searching for dormouse nests in environments considered 
suitable for the species. in areas where many signs of dormice have been located, Berglund 
has conducted in-depth studies and detailed inventories, particularly in the county district 
of skåne. Most of the findings have been documented on topographical maps and carefully 
described (height above ground, size, construction material, description of the habitat etc.) 
in handwritten records. there is also very extensive photographic documentation of findings 
in recent years. Berglund has documented findings of the dormouse from 891 atlas squares 
(5 × 5 km) in sweden, corresponding to an area of 22,275 square kilometres. each atlas 
square can contain from one to approximately 1,100 records of the dormouse. the data 
is in some cases verified with a collection of nests, some of them about 30–35 years old 
(Berglund & Persson 2011). 

the dormouse population size is estimated from own data from nest counts and from 
official statistics of sweden (swedish university of Agricultural sciences umeå 2011). 
the total area of productive forested land in sweden 2010 was 22 477 000 ha. the area of 
productive forest land in the distribution area of the hazel dormouse (götaland and Örebro 
County in svealand) in 2010 was 5 524 000 ha. the forest types in the distribution area are 
pine (Pinus sylvestris) 24.6 %, spruce (Picea abies) 38.2 %, mixed conifer 12.9 %, conifer/
broadleaf 6.6 %, other broadleaf 9.1 %, valuable broadleaf 4.1 % and other 4.5 %. About 
80 % of forest tracts in sweden exceed 50 ha in area. 

the results are divided into bio-geographic regions as defined in a report on the Conservation 
status of habitat types and species, required under Article 17 of the habitats directive by the 
european Commission, which divides europe into seven terrestrial bio-geographic regions 
(Alpine, Atlantic, Boreal, Continental, Macaronesian, Mediterranean, Pannonian). 

3. Results 
during the period 1977–2011 the hazel dormouse has been found in eleven historical 

provinces which incorporate 9 of the 21 counties in sweden. it has a large and stable presence 
in the southern part of the Boreal region in sweden, particularly in the halland County and 
Västra götaland County.

the estimated average density of the hazel dormouse populations in sweden is 1 adult/ha  
(own unpublished data). there are at least 2 000 000 ha (a very low estimation) of suitable 
habitats for the hazel dormouse and the national population should therefore be at least 2 000 000  
adults in spring. Populations are declining mainly in the Continental region in skåne County in the 
southernmost part of the country. the situation of the species can briefly be described as follows:

the Continental biogeographical region

• skåne County – two isolated metapopulations. Almost non-existent on romeleåsen 
(the municipality of lund) and small, stable populations in forested parts of Österlen 
(the municipality of simrishamn).



Boris Berglund & Christer Persson112

the Continental/Boreal biogeographical region
• Blekinge County – large and stable populations.
• halland County – large and stable populations.
the Boreal biogeographical region
• Kronoberg County – large and stable populations.
• Kalmar County – stable populations.
• Jönköping County – large and stable populations.
• Östergötland County – stable populations.
• Västra götaland County which contains
 - the historical province Bohuslän – decreasing (svartedalen area), stable (Bredfjället  
    area), other parts unknown.
 - the historical province dalsland – decreasing (Kroppefjäll area), other parts  

    unknown. 
 - the historical province Västergötland – large and stable populations.
• Örebro County which contains
 - the historical province närke – stable populations. 
 - the historical province Värmland – stable (degerfors area), decreasing in  

    (Karlskoga area), other parts unknown.
 - the historical province Västmanland – stable (Kil area), decreasing in other areas.

4. Discussion
the hazel dormouse is often found in young forest plantations, power line corridors, in 

clearings and woodland margins as well as in bushy and poorly maintained pastureland. in 
some parts of the country it has been found in habitats that are not consistent with what was 
previously known in sweden (Berglund & Persson 2011, p. 117, 135, 147, 148, 150, 151 and 
166). the hazel dormouse has in some cases been found in areas dominated by coniferous 
forest (Picea abies), often near lake shores with Phragmites communis and near the edge of 
bogs with Salix sp. and Rubus idaeus. these areas often lack hazel (Corylus avellana) and it 
seems that the presence of Salix sp. is important for dormice in these habitats. this suggests 
that the hazel dormouse can survive in very nutrient-poor areas and that more detailed 
investigations in these areas are needed. 

the northernmost places in the country where findings have been made are in the central 
part of Örebro County as well as in the north-eastern part of Västra götaland County. the 
southernmost findings are from the municipality of simrishamn in the south-eastern part of 
skåne County. recent annual inventories show the main occurrence of the dormouse is in the 
counties of halland, Kronoberg, Jönköping, Blekinge and Västra götaland. Many observations 
are completely new in previously unknown areas and it is therefore impossible to draw any 
firm conclusions as to the development of the dormouse population. the observations are 
however an excellent basis for future monitoring of the species. 

Knowledge of current occurrences and status is generally good in sweden, but less 
so in some areas particularly in the north-western parts of Västra götaland County (the 
historical provinces Bohuslän, dalsland and Värmland), where data is deficient. Within the 
dormouse’s greater area of occurrence, e.g. in the counties of Blekinge, småland, halland 
and Östergötland, there are both large and small gaps in distribution. the species is absent 
in the western part of Blekinge County, large parts of the south-western part of Kronoberg 
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County and in the southern part of halland County, which in turn means that the populations 
in skåne County are completely isolated. 

there are now so many new observations of the hazel dormouse in sweden that it no longer 
meets the iuCn criteria for red listing here. however, the species is listed under appendix 4 
in the eu habitats directive which means that it is protected according to the national laws of 
the countries within the eu (Council directive 92/43/eeC of 21 May 1992)

in sweden, the hazel dormouse is most endangered in skåne County. here it is completely 
isolated from other populations and confined to two well-defined geographical locations in 
the southern part of the county, partly on the south-westerly slopes of romeleåsen in the 
municipality of lund and partly at Österlen in the municipality of simrishamn. A third 
metapopulation probably occurred before 1977 in the municipality of sjöbo. A dormouse 
nest (thought to have been constructed by a male) was collected from the municipality of 
sjöbo by Boris Berglund in 1977 (oremöllan, heinge), but the species has not been observed 
there since. the areas where the two present meta-populations are located comprised, at most, 
approximately 12 and 120 square kilometres respectively during the period 1977–2011. the 
distance between the two locations is just over 40 kilometres. despite thorough investigations 
in all other parts of skåne dormice have not been found anywhere else. 

Both meta-populations in skåne County live in dense cluster systems of habitats, which 
are connected to a greater or lesser extent and are overlapping, scattered or fragmented 
depending on the size of the habitat and structure of the vegetation. A much greater density 
of individuals is found in deciduous woodland areas with significant heterogeneity than in 
homogenous plantations with only one type of tree covering, where the species has either 
disappeared completely or been forced out towards the perimeter zones. in some extreme 
cases within optimal habitat locations in skåne County, 20–30 nests and foraging dormice 
have been observed within one hectare of land (Bäckhalladalen nature reserve, gladsax hallar 
and rörums käsk) in the municipality of simrishamn. in many other good habit locations 
three to seven nests and individuals per hectare have been recorded (e.g. Bilarp, hägnaden, 
grönland, dörröds fälad and Kullaklint in the municipality of lund and esperöd nature reserve, 
stenshuvud national park, svabesholm nature reserve, Kortelshuvud, snogabjer, nygård, 
Framnäs, Vik, rörums backar, rörums fure, ekevall and Baskemölla in the municipality 
of simrishamn). the latter figures correspond with those published by other authors, i.e. up 
to a maximum of seven animals per hectare in really good habitats. on romeleåsen in the 
municipality of lund, in recent years dormice have only been observed infrequently in a 
couple of locations north and south of the dörröds fälad nature reserve, but not within the 
reserve itself. Previously it was a typical animal here. the reason for this alarming decline 
is probably due to the extensive clearing of thickets of bramble (Rubus sp.) and honeysuckle 
(Lonicera periclymenum) from around the stems of the remaining shrubs, mainly hazel and 
juniper (Juniperus communis). now all that remains are the exposed stems. the former 
diverse deciduous forest has been converted into single species woodland, and thickets of 
predominantly brambles and honeysuckle are now totally absent.

the dormouse can be regarded as an excellent indicator that an area (or a significant part of 
it) once had a heterogeneous woodland character over a long period of time. Where the species 
is found, there is a large diversity of shrub and tree species with elements of forest margins 
and a rich variety of dense thickets. What is crucial in locations where the dormouse can still 
be found, is the availability of access to refuge where there is the possibility of survival during 
critical periods and where the surroundings are subjected to a minimal amount of change which 
otherwise would render them unsuitable. the dormouse is a species that has little ability to 
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spread and is thus extremely sensitive to changes in land use. today there are many large forest 
areas in the county district of skåne that give the impression of being “dormouse friendly” 
but nevertheless lack populations of the species. the explanation probably lies in the historic 
perspective as large parts of skåne County were formerly more or less without forests and 
therefore unsuitable habitat for this species. during recent times, intensive forestry has reduced 
the biological diversity and only provided access to single-species’ habitats in which the hazel 
dormouse is unable to survive other than in a few particularly favourable areas. A prerequisite for 
the long-term survival of the dormouse is primarily the availability of large, inter-connected forest 
areas of the right structure where no effective barriers exist for their dispersal and distribution. 
the hazel dormouse shuns open areas, which means that public highways, buildings, large 
streams, well-maintained pastureland and cultivated land all obstruct the animal’s movements 
and compromise its distribution. in smaller woodland areas, which are surrounded by effective 
dispersal barriers, the species can only survive if the area contains a large diversity of trees and 
shrubs and is not disturbed by intensive forest management.

during the last 20 years the County Administrative Board of skåne, with financial support 
from the swedish environment Protection Agency, has taken steps to prevent the decline of 
dormice in the county. several forest properties with dormouse populations have been acquired 
and declared as national nature reserves (nnr) and their management has been adapted for 
the benefit of the dormouse. the ambition is to secure a network of protected areas big enough 
to harbor viable populations of the hazel dormouse and many other species that depend on this 
kind of habitat.
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Dryomys nitedula (Pallas, 1778) in Mongolia1 

Michael Stubbe, annegret Stubbe, ravčigijn SaMjaa & herMann anSorge 

Abstract 
the forest dormouse was first discovered by the Mongolian-german biological expedition in May 

1973 to SW-Mongolia. it occurs in the Dzungarian gobi in the Salix-woodlands near the river bulgan-gol,  
close to the border china/Mongolia. hibernation finished in the first days of May. offsprings were born 
in the second half of june in tree nests. Mongolian forest dormice show a very high reproduction rate 
and produce perhaps two litters per year. the age structure is well balanced, one third of the population 
overwintered twice or more. it seems that the population belongs to the subspecies Dryomys nitedula 
angelus (thomas, 1906).

Keywords: Forest dormouse, central asia, distribution, reproduction, tree nests

1. Introduction
in the year 1973 the forest dormouse was found for the first time in Mongolia by the senior 

author and the Mongolian colleague Prof. Dr n. Davaa. it was also the first evidence of 
dormice in general for Mongolia. Furthermore this is the most eastern point of the species´ 
range. Since then we tried to collect data on the biology and ecology of the forest dormouse 
under the special conditions of the Mongolian desert. because information from literature is 
very scarce the preliminary results are presented here in a shortened form.

2. Material and methods
the forest dormouse is now only known in Mongolian territory from the lower course of 

the bulgan-gol. this river runs from the Mongolian altai through the Dzungarian desert up 
to lake uljungur in nW-china, bordered by Salix and Populus woodland. the area along the 
river was declared as a nature reserve to benefit the central-asiatic beaver population (Castor 
fiber birulai) and is described by Stubbe & Dawaa (1983). there we found the most eastern 
point in the whole distribution area of the forest dormouse (Figs 1, 2). 

the first finding was on 30th of May 1973 at the bulgan river, about 5 km east of the state 
border Mongolia/china. a Salix-tree was climbed to reach a nest of the black kite Milvus 
migrans and below it escaped two forest dormice. one animal was collected. in 1974, 1975 
and 1978 we have worked during our beaver expeditions to the bulgan-gol and collected more 
material of this dormouse with metric and ecological data. Further information was recorded 
by the Mongolian student S. Dorž 1979 and 1980 for his diploma-work (Dorž 1980). all these 
materials were the basis for a first publication (Stubbe et al. 1986). in 1985, 1988 and 2002 the 
Mongolian-german biological expedition was working again on Castor fiber birulai in that 
river valley and new data on Dryomys nitedula were registered (Figs 3, 4).
1 results of the Mongolian-german biological expeditions since 1962, no. 309
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Fig. 1 Distribution of Dryomys nitedula in china (Smith & Xie 2008).

Fig. 2 Distribution of Dryomys nitedula in Mongolia.
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Fig. 4 bulgan-gol area 5 km above the Somon bulgan.

Fig. 3 nature reserve bulgan-gol in the Dzungarian gobi.
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3. Results and discussion
3.1. Distribution
the forest dormouse is widespread in Middle asia. according to ognev (1947) it ranges from 

Kopet-Dag up to the Kara-tau, talassk alatau, Dzungarian alatau, tarbagataj and Kalbinsk 
altai. the southern border includes the Pamir and runs through iran. the most eastern points 
ognev mentioned are near Šary Sjume (ne of lake uljungur, chinese Dsungaria, Mongolian 
altai) and bogdo-ola in Se Dsungaria (eastern tjang-Šan). Summarized data for the distribution 
and biology of Dryomys nitedula in europe are given by Storch (1978) and for the whole area by 
rossolimo et al. (2001). in Daghestan the vertical distribution is going up to 2500 m above sea 
level (gromov & erbaeva 1995); in Mongolia we find the species in about 1200 m.

bannikov (1954) following ognev, stated that the dormouse is known from the Kran river near 
Šary Sjume on the southern slopes of the Mongolian altai, about 80 km south of the border of 
Mongolia and he guessed that this species would also be found along the upper regions of the 
rivers Kran and bulugun (bulgan-gol) as well as on the wood islands between them. north of 
the Mongolian altai the presence of forest dormouse is also possible up to the region of the lake 
ačit-nuur, where bannikov (1954) found one animal (on 31st of july 1945) near the böchmörön 
river among poplars and buckthorn. he wrote that the species was very rare there, but we have 
no further evidence. therefore it is possible that the species is also distributed in nW-Mongolia, 
north of lake ačit-nuur.

3.2. Breeding and reproduction
When we arrived at the end of april 1974 at the bulgan-gol, we soon discovered in the 

leafless trees of Salix viminalis (the dominant Salix-species) the nests of the dormice from the 
previous year or older (Fig. 5). the height of 100 nests in the trees (Fig. 6, tab. 1) averaged 3.97 
m ± 1.28 m (min. = 1.40 m, max. = 7.00 m). the willow trees had a height of maximal 10 m. 
the nests were big as a fist and made of wool from sheep and goats, as well as formerly green 
leaves, bark and some blades of grass. they were very well constructed in the tips of branches. 
the position of nests and their material are different to other populations (angermann 1963).

the new nests were built in june and used until august for raising the young. in some nests 
were found a lot of excrements, also in a few nests of the penduline tit (Remiz pendulinus). banz 
(1953) also mentioned that Dryomys nitedula in the ukraine had sometimes used nests of raptors 
(like our first finding in Mongolia). We have no information on the depth of the winter burrows 
between the roots of willows. in the middle of May the earth was frozen to a depth of 30 cm.

in 1974, 1975 and 1978 the expedition arrived in the bulgan-gol not later than the 1st of May. 
the trap lines were established very quickly so the first activities of the dormice after hibernation 
could be registered. in these years the first animals were captured on 4th, 6th and 11th of May. 
until mid-May mainly males were caught, all in good condition with a lot of fat and active 
testes (15–23 × 8–10 mm). in the second half of May copulations took place, even during the 
day. angermann (1963) recorded testes with a length of 11 mm for the voronesh-population and 
Kratochvil (1973) 15 mm for males in South Slovakia. Sludskij et al. (1977) have noticed testes 
length of 17–20 mm at the end of april/beginning of May. Mating behaviour was observed in the 
last ten days of May in the willows also in the bright daylight at bulgan-gol.

bite wounds were found in males already in the first ten days of May, evidently caused in 
the struggle for females. eleven of 74 males lost the tip of their tail. in 30 females only one 
had lost it. at the end of May (27th) the first pregnant females were found. in 19 gravid females 
were noticed 3–9 embryos (average = 5.7, see tab. 2). in comparison with the literature  
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Fig. 5 nest of Dryomys nitedula in a Salix-tree.

Tab. 1  height of 100 nests of Dryomys nitedula at bulgan-gol.

height of nests (cm) number of nests (n) height of nests (cm) number of nests (n)
101–150 2 401–450 15
151–200 7 451–500 12
201–250 4 501–550 12
251–300 15 551–600 5
301–350 12 601–650 3
351–400 11 651–700 2
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(tab. 3) the reproduction rate was very high, perhaps in correlation with the hard climatic 
conditions and higher mortality. after a gestation period of 25 days (gaffrey 1961) most of the 
first litters were born in the second half of june. it is not clear if they have one or two litters 
per year. in the middle of august 2002 we found in the area of bulgan-gol lactating females 
and also young animals with a body mass of 28–35 g as well as 15–18 g. So it is assumed that 
in this region two litters per year are born. gromov & erbaeva (1995) mention only one litter 
per year generally.

Tab. 2 reproduction data of Dryomys nitedula from bulgan-gol area basing on number of embryos 
 of gravid females.

number of 
embryos 3 4 5 6 7 8 year

number of 
females

- - - - - 2 1978
2 2 3 4 - 2 1979
- - 1 2 1 - 1980

total 2 2 4 6 1 4

Tab. 3   reproduction data of Dryomys nitedula from different geographic regions.

author/year investigation 
area

litters/
year

offspring/
litter average/litter N (♀♀)

goloduško & Padutow 
(1961)

primeval forest 
of bialowieža 1 ? ? ?

angermann (1963) nature reserve 1 1–6 4.3 placentar scars 52
voronež 2–6 4.8 embryos 13

3–6 4.0 juveniles 54
nevo & amir (1964) israel 2–3 1–4 3.0 juveniles ?
alekperov (1966) SW-azerbaijan 2 3–8 5.1 embryos 190
Sludsky et al. (1977) Kazakhstan 1 2–8 4.3 embryos ?
gaisler et al. (1977) north Moravia 1 2 2.0 placentar scars 2

4 4.0 embryos 1
1–5 2.9 juveniles 7

averin & lozan (1979) Moldova 1 2–6 ? ?
Stubbe et al. (1986) SW-Mongolia 1 (?) 3–8 5.7 embryos 19

3.3. Population ecology
the evaluation of population density was difficult. in a line of 60 traps (distance between 

traps 2 m) were caught 4–7 animals on the first night, on the second only 1 or 2. the density 
after hibernation can be estimated at about 20 ± 5 animals per hectare. Dorž (1980) assumed 
up to 30 animals/ha. in some years the river is in flood and the valley is under water, especially 
after spring snow melt in the Mongolian altai. Such situations were noticed in 1984 and 1985 
and the population density of Dryomys nitedula was very low. Fluctuations of the population 
density are also mentioned by angermann (1963), ejgelis (1980) and Sludskij et al. (1977). in 
north Moravia gaisler et al. (1977) reported a population density of 0.1 animals/ha. averin & 
lozan (1979) found in Moldavia 1–5, but also 20 or more animals/ha.
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the sex ratio of captured animals was in favour of males in May, but more or less equal in 
june (tab. 4). Sludskij et al. (1977) also found a changing sex ratio in Kazakhstan: in May 
68.9 % males, in june 57.2 %, in july 54.1 %, in august 49.8 % and in September 50.3 %. For 
azerbaijan further data are given by ejgelis (1980). in contrast angermann (1963) found more 
females (60.1 %) from May until September in the voronesh region.

Tab. 4 Sex ratio of captured Dryomys nitedula in May/june and august at bulgan-gol.

month/year N
♂♂ ♀♀

sex ratio
n % n %

May 1974 34 23 67.6 11 32.4 1 : 0.48
May 1975 19 17 89.5 2 10.5 1 : 0.12
May1978 50 33 66.0 17 34.0 1 : 0.52
june 1979 44 21 47.7 23 52.3 1 : 1.10
june 1980 11 5 45.5 6 54.5 1 : 1.20
august 2002 21 9 42.9 12 57.1 1 : 1.33

We investigated the age structure (tab. 5) and body measurements (tabs 6, 7) of the forest 
dormouse population at bulgan-gol after successful hibernation, using the tooth abrasion 
method (angermann 1963, lozan 1961). it was possible to distinguish the age classes because 
of the long hibernation period and the characteristic signs of tooth wear. We could differentiate 
between one-year-old and older individuals. the percentage of these two groups can vary 
considerably between years because of climatic conditions during hibernation and the breeding 
period, but detailed studies are lacking. in the population of the bulgan-gol about one third 
of the animals hibernated for a second winter or more. two thirds survived the first winter 
period successfully. at least 6 of 32 older dormice hibernated for a third winter, representing 
a relatively high life expectancy for micromammalia (Figs 7, 8).

Tab. 5 age structure of captured Dryomys nitedula in May/june at bulgan-gol.

month/year N
♂♂ ♀♀ total

1 2+ 1 2+ 1 2+
1974 30 9 10 8 3 17 13
1975 18 11 5 2 0 13 5
1978 50 25 8 11 6 36 14
total 98 45 23 21 9 66 32

3.4. Feeding and parasites
in the stomachs of animals investigated in May were found parts of green plants, willow 

blossoms, buds of leaves and leaves of willows and occasional remains of insects. Dorž (1980) 
remarked on regularly finding insects in june (tipulidae and Formicidae), but in some cases 
also remains of young birds.

the Mongolian forest dormice were found to carry only the flea species Monopsyllus 
sciurorum asiaticus ioff, 1936 (Smit 1980, Kiefer 1979). More information on parasites of the 
Dryomys nitedula population in Kazakhstan is given by Sludskij et al. (1977) and see also by 
rossolimo et al. (2001). 
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Tab. 6 body and skull measures (in g and mm) of male Dryomys nitedula from bulgan-gol (all 
 measures from animals captured in May after hibernation).

Measures of ♂♂ n min.–max. s V

body mass 73 27–59  44.86 ± 0.86 7.23 16.1

body length 74  98–127 114.38 ± 0.73 6.26 5.5
tail length 63  70–110  91.73 ± 0.83 6.58 7.2
length of hind foot 74 20–24  21.86 ± 0.07 0.58 2.7

ear length 74 14–18  16.42 ± 0.10 0.83 5.1

condylobasal length 65 25.5–28.0  25.71 ± 0.12 0.97 3.8

zygomatic arch width 63 15.2–17.9  16.66 ± 0.08 0.60 3.6

interorbital width 66 4.1–4.8   4.46 ± 0.02 0.13 2.9

width of brain capsule 63 13.2–14.2  13.51 ± 0.03 0.24 1.8

height of brain capsule 61 10.5–12.0  11.09 ± 0.04 0.30 2.7

diastema 67 6.5–7.7   7.04 ± 0.03 0.25 3.6

length of upper row of teeth 67 3.4–3.9   3.64 ± 0.01 0.11 3.0

Tab. 7 body and skull measures (in g and mm) of female Dryomys  nitedula from bulgan-gol (all 
 measures from animals captured in May after hibernation).

Measures of ♂♂ n min.–max. s V

body mass 30 23–48  38.33 ± 1.13 6.20 16.2

body length 30  95–117 108.87 ± 1.13 6.21 5.7

tail length 29  72–101  89.72 ± 1.36 7.34 8.2

length of hind foot 30 20–23  21.50 ± 0.16 0.86 4.0

ear length 30 15–18  16.03 ± 0.14 0.76 4.7

condylobasal length 27 23.1–26.6  25.13 ± 0.18 0.94 3.7

zygomatic arch width 30 15.0–17.5  16.32 ± 0.13 0.70 4.3

interorbital width 30 4.2–4.6   4.42 ± 0.02 0.09 2.0

width of brain capsule 26 13.0–14.0  13.47 ± 0.06 0.29 2.2

height of brain capsule 27 10.5–11.8  11.07 ± 0.06 0.30 2.7

diastema 30 6.4–7.2   6.83 ± 0.04 0.24 3.5

length of upper row of teeth 30 3.4–4.0   3.69 ± 0.03 0.15 4.1

3.5. Morphometry and taxonomy
gromov et al. (1963) have shown 12 subspecies of Dryomys nitedula for the territory of the 

Soviet union. but after the revision of rossolimo (1971) only four of them are considered 
valid. bannikov (1954) mentioned that D. n. angelus (thomas, 1906) probably occurred in 
Mongolia. Synonyms are after rossolimo the subspecies bilkjewiczi, pallidus and saxatilis. the 
taxonomic status of D. n. milleri, described by thomas (1912) on the basis of one female from 

×
±× s

×
±× s



Dryomys nitedula (Pallas, 1778) in Mongolia 125

Fig. 7 Dryomys nitedula from bulgan-gol.
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Se Dsungaria is unclear. thomas worked on the material collected by D. carruthers in 1910 
and 1911 in central asia. thomas described the route travelled by carruthers as ‘commencing 
at Minnusinsks, on the upper Yenisei, shortly after leaving the Siberian railway, the party 
worked through the Sayansk Mountains into n. W. Mongolia, then through the tannu-ola 
Mts., the altai, the barlik Mts., n. W. Dzungaria, along the thian Shan chain eastwards to the 
interesting hami Mts., then back to the Muzart valley and Kuldja’. the animal mentioned was 
collected on 9th of May 1909 in the bogdo-ola Mountains in Se-Dsungaria, in a valley with 
elm (Ulmus) trees. the subspecies D. n. milleri should have a shorter and wider skull and a 
more rounded brain capsule as well as shorter and higher bullae than D. n. angelus. thomas 
recorded the following measurements: head-body: 94 mm, tail: 68 mm, hind foot: 20 mm,  
ear: 17 mm, condylobasal length: 25.2 mm, zygomatic arch width: 16.8 mm, nasalia:  
8.3 × 3 mm, interorbital width: 4.2 mm, length of upper row of teeth: 4.1 mm.

Zoogeographical the populations of the black irtysh and bulgan-gol are similar. the 
craniometric data of the irtysh animals are shown in table 8 (rossolimo 1971). there is a 
high degree of consent between the average and variation of measured skull values. Further 
measurements, divided in three age classes are given by Sludskij et al. (1977) for animals 
from the Sailijskij alatau. Summarizing the knowledge of all these data it is our opinion 
that the Mongolian dormouse population belongs to the subspecies D. n. angelus. that is 
corresponding with ognev (1947) and bannikov (1954).

it would be important to collect new material in the basin of the ačit-nuur – if the species 
is distributed there. in our expeditions to the west Mongolian river chovd-gol we never saw 
any nests or living dormice. in the museums of chovd-city, ulgij and ulaan-gom the species 
was not present and no information was found for the rivers bodončijn-gol and uenč-gol in 
the Dzungarian gobi at the southern slopes of the Mongolian altai.

Fig. 8 collection of micromammalia with Dryomys nitedula from bulgan-gol area.
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Tab. 8 Skull measures (in mm) of Dryomys nitedula angelus (n = 18) from the area of black 
 irtysh (rossolimo 1971).

measures min.–max. V

condylobasal length 24.7–26.0 25.30 ± 0.18 1.98

diastema 6.4–7.0  6.69 ± 0.06 2.69

rostrum width 4.9–5.3  5.14 ± 0.04 2.33

interorbitale width 4.2–4.6  4.37 ± 0.04 2.74

zygomatic arch width 15.8–17.3 16,32 ± 0.16 2.88

width of brain capsule 13.0–13.6 13.24 ± 0.07 1.43

height of brain capsule 11.2–11.8 11.52 ± 0.06 1.47
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Abstract 
A comparison of historical data on the occurrence of Eliomys quercinus in germany until 1987 with 

available data from 1990 until today for many regions shows a decline of the species and in some parts 
of its former range in the east an extinction. in general the knowledge on the actual range of the garden 
dormouse in germany and the development of its populations on a regional scale are unsatisfactory. 
There is urgent need for an actual mapping of the species and research on its habitat requirements as 
germany carries a high degree of responsibility for the conservation of Eliomys quercinus.

Keywords: Decline, nature conservation, need for research

1. Introduction
The garden dormouse (Eliomys quercinus) is a rodent species endemic to europe. During 

the last 30 years the species declined more than any other rodent species in europe and has lost 
about 50 % of its former range (Temple & Terry 2007). reasons for this decline are not known. 

As germany covers more than 10 % of the species´ range, the country carries a high degree 
of responsibility for its future conservation (Meinig 2004). At the moment there exist no 
conservation programmes for the species and there even is a lack of information on the current 
situation of the species in most regions of germany. in the german red list of endangered 
species the garden dormouse is classified as ‘endangering to be assumed’ because of a lack of 
data (Meinig et al. 2009). 

The garden dormouse uses a broad variety of habitats in germany. one can not call the 
garden dormouse as highly specialized regarding its habitat needs. it is well known to people in 
some parts of South-West germany as noisy guest in houses, orchards or vineyards especially 
in the valleys of rhine and Moselle. But the most common habitat are spruce (Picea abies) 
dominated forests in mountainous landscapes. Typical are or were places with boulder fields 
and areas with bare soil (Storch 1978, Schlund 2005, Büchner 2009). 

2. Material and methods 
The study mainly is based on a diploma thesis by Andreas Bitz from 1987 (Bitz 1987). He 

collected all data available on the occurrence of gliridae in germany and adjacent countries. 
in his work he presented specific maps on the occurrence of each species in the western 
federal states at that time. For eastern germany data were much sparser and only presented 
in a map covering whole germany, therefore data were completed according to görner & 
Henkel (1988). By evaluation of literature, data from the internet and personal interrogations 
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of museum stuffs and people engaged in nature protection on a local scale the records of 
occurrence of the garden dormouse of A. Bitz were checked for the time 1990–2012. records 
that could be confirmed for the last five years are shaded in a map (Fig. 1).

3. Results 
The occurrence of garden dormice in the western part of Harz-Mountains in Lower Saxony 

seems to be stable. At least animals were observed regularly by bat workers, when mist-
netting bats (D. Anderson, W. rackow, pers. comm.). Several observations were gathered 
from nest boxes. Between 2005 and 2008 five dead animals were found mainly during forestry 
activities in spruce forests. one hostel in the mountains is regularly visited by garden dormice  
(A. Kirzinger, pers. comm.). i. Diederichs radio-tracked several garden dormice in the eastern 
part of the national Park Harz-Mountains in 1997 and 1998 (Diederichs & Stubbe 2003). 
This part belongs to Saxony-Anhalt. The garden dormouse lives there in open rock areas, 
grassland and spruce forests without understorey in altitudes between 600 and 900 m a.s.l.

The garden dormouse still occurs in North-Rhine-Westphalia around the city of Bonn, but 
the number of records decreases from year to year (r. Hutterer, pers. comm.). in the eastern 
hilly areas there have been no records since the 1980s. in areas, where the species was found 
regularly when checking and cleaning nest boxes, the last findings date back to 1989 (Belz & 
König 1991). People who are engaged in local nature protection, just started to think about the 
lacking of the species when asked for records. 

in Hesse, the occurrence of the garden dormouse is confirmed for the lowlands in the 
surroundings of Wiesbaden. Here the species occurs in habitats like old vineyards and southern 
slopes along river rhine and river Main. There even was a new finding northeast of Frankfurt 
in an area where it was not known hitherto (Main-Kinzig Kreis). From the south-eastern part 
of the federal state some older records are known from the mountains. The situation there stays 
unclear so far (lang 2012). At the moment an action group of mammalogists around J. lang is 
running an inquiry for observations of the species in Hesse (www.gartenschlaefer-hessen.de).

in Rhineland-Palatinate the species obviously has declined during recent years 
(o. Strub, pers. comm.). The garden dormouse is regularly found in the lowlands, where it 
occurs in areas with large orchards and vineyards. Here it is often regarded as a pest, although 
legally protected, because it enters houses and storages. Most stable populations exist in the 
valleys of rhine and Moselle and around the city of Mainz. 

From the Saarland only a few old (from before the 1990s) records exist, although the 
species should occur more frequently as there are known populations in the bordering regions 
of rhineland-Palatinate and luxembourg (J. Schlichter, pers. comm.).

in Bavaria the current range of the garden dormouse is not well known, most records come 
from a dormouse investigation in the 1980s (Faltin 1988), in particular from the Spessart 
Forest and the mountain range along the german-czech border. Few records exist from the 
Alpine region, but the species is still present there at least in garmisch-Partenkirchen (P. 
Boye, pers. comm.). Woodlands and hillsides covered with block stones at an altitude of 
350–1,000 m a.s.l. seem to be preferred habitats.
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Fig. 1 recent distribution of the garden dormouse in germany (2007–2012). 

occurence
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Data from Baden-Württemberg are relatively fresh because of a large atlas project on the 
mammals of this federal state that increased the records in respect to the time of Bitz (1987). 
Most records are based on data collected by checking nest boxes by forestry administration. 
While in the eastern part of the federal state the garden dormouse is only found sporadically, 
populations in the northern and southern Black Forest (north and South of Freiburg) seem to 
be more stable (Schlund 2005).

For Saxony the decline of the garden dormouse is well documented. There are specimens 
from the lowland in the east of the state from the middle of the 19th century in the görlitz 
Museum. At the beginning of the 20th century the garden dormouse was only known from the 
mountains in the south (Zimmermann 1921). in the 1920s an extinction in the south eastern 
mountains was observed (Kramer 1925). Afterwards other records came from spruce forests 
in West-ore-Mountains (erzgebirge) and from the sand stone areas in Saxon Switzerland. 
The western population vanished between 1980 and 1990. However, a recent finding is now 
documented in the West-ore-Mountains in the czech republic, only 15 km from the german 
border (v. Mikeś, pers. comm.).The last observation from Saxon Switzerland dates from 2006. 
After that, even with intensive searches with several methods and inquires among ornithologists 
and mountains climbers, no more records of the species could be obtained (Büchner 2009). 
For Saxon Switzerland a competition between the garden dormouse and the edible dormouse 
(Glis glis) was assumed because the edible dormouse spread in areas formerly occupied by 
garden dormice. For some years in some places both species could be observed, later on only 
the edible dormouse. But for all other parts of Saxony where the garden dormouse disappeared 
no edible dormice are known.

Data from Thuringia indicate a reduction in range (görner & Stefen 2009). The species is 
mainly present in the south in the mountainous area. 

The north and the north-east of germany (Schleswig Holstein, Brandenburg, 
Mecklenburg-Western-Pomerania) do not belong to the range of the garden dormouse. 
Borkenhagen (2011) states after proofing all old records, that there is no substantial evidence 
for reproduction of the species in Schleswig-Holstein and therefore it should not be counted 
as a part of the autochthonous fauna.

From several places outside of the known distribution of the garden dormouse in germany 
single records are known. Some cases could be clearly connected with escapes from captivity 
(e.g. mentioned by Borkenhagen 2011). There are some breeders of garden dormice in 
germany. Additionally garden dormice are also accidentally transported by cars or together 
with building material. A garden dormouse for instance appeared in Brandenburg near the 
centre for mammalogy. it came with chalk stones from Bavaria (J. Teubner, pers. comm.).

4. Discussion
The knowledge of the situation of garden dormouse populations in germany is very 

heterogeneous and in many parts could be considered as a ‘forgotten’ species. Although 
germany carries a high degree of responsibility for the conservation of the garden dormouse, 
the species is not in the focus of official or honorary nature protection programmes. Also 
during the 8th international Dormouse conference only three out of 64 communications 
dealt with the species. 

reasons for the decline of the garden dormouse in whole europe are not yet understood. 
in germany several factors or a combination of them possibly seem to be responsible. Main 
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factors could be a reduced offer of invertebrates as food (e.g. see Schuch et al. 2010), break up 
of the metapopulation-net, diseases or genetic bottlenecks. old german local names connect 
the garden dormouse often with oaks. A change of forestry practices with lesser old oaks 
present in the woods could be therefore also assumed as a reason for the decline. However, 
the decline or extinction of the species already started more than 150 years ago (see data from 
Saxony) before the changes in forest management. 

With the present knowledge we can expect that the species will disappear from many regions, 
especially east of river rhine where the decline started much earlier than west of the river.

An actual mapping of the species and a specific habitat analysis are absolutely necessary. it 
should be combined with analyses of the food and the genetics. 
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Use of blackbird nests as a resource by garden dormice (Eliomys 
quercinus)

Rosa TamaRiT, adRia Viñals, Jaime Gómez & Jose anTonio Gil-delGado

Abstract 
since 1996, the population of garden dormice in an orange grove of eastern spain has increased. 

Here, dormice prey on blackbird (Turdus merula) eggs and chicks, and eventually occupy their nests to 
use them as food stores or reproductive nests. This work examined the effect of dormice predation on 
blackbird reproductive success and the subsequent use of available blackbird nests. We monitored all the 
blackbird nests built in the study area during the breeding season in 2008. We used the mayfield nest 
success estimator to assess the daily nest use rate by dormice and their daily predation rate. our results 
suggest that blackbirds respond to the dormice predation rate as they build a larger number of nests. The 
monthly dormice occupancy rate depends on nest availability. dormice prefer to occupy nests that have 
not been used for breeding purposes. 

Keywords: interaction, seasonal, occupancy, predation, Gliridae

1. Introduction
nest predation is the primary agent of avian nest mortality and exerts a strong selection on 

avian behaviour and life-history strategies. Rodents are known to be an important cause of 
brood losses of passerine birds. Furthermore, the bird nest structure can become an important 
resource for many rodent species like garden dormice (Eliomys quercinus). dormice can 
interact with different bird species because they prey on eggs and nestlings (Koppmann-Rumpf 
et al. 2003, Juškaitis 2006, adamík & Král 2008), and compete for similar resources (sarà et 
al. 2005, Juškaitis 2006). Throughout their distributional range, garden dormice have been 
identified as a bird predator (Palacios 1975, airapetyants 1983, Gatter & shütt 1999, Henze & 
Gepp 2004, Gil-delgado et al. 2009), but their impact on bird species can be greater because 
garden dormice also use abandoned or recently built nests in which they breed (Palacios 1974, 
1975) or store food (Hernández 1994).

We examined the effect of dormice predation on blackbird reproductive success and the use 
of available blackbird nests. 

2. Study area and methods
This study was conducted in an orange plantation of 8 ha located in sagunto (Valencia, 

east spain; 39º 42’ n, 0º 15’ W, 30 m a.s.l.). This study area is a fragment included in an 
homogeneous plot of 16.92 ha described elsewhere (Gil-delgado et al. 2002, 2010) whose 
breeding bird community has been monitored since 1975. 
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sampling was conducted using the nest searching method (Val nolan 1963, sutherland 
1996). nests were searched for from early march to august, and trees were inspected every 
10–12 days (Gil-delgado & escarré 1977, Gil-delgado & lacort 1996, Gil-delgado et al. 
2005). When nests were found, they were classified into six different categories: i) successful 
nests: fledged blackbird nestlings, ii) nests preyed on by dormice: predation signs such as 
egg shell pieces or dead chicks appearing in nests, iii) nests preyed on by other predators: 
signs belonging to other predators appearing in nests, but also indeterminate predators,  
iv) abandoned nests visited by dormice: despite the absence of predation evidence, recognisable 
dormouse faeces were found or nests were modified by dormice, v) unused nests: nests that 
were never used by blackbirds or other animals, and vi) abandoned nests visited by other 
predators: nests were never preyed on, but recognisable faeces of different or indeterminate 
predators were found or nests were modified by other predators.

Common predators in the study area were identified by either direct observation or the 
presence of remains and faeces (Gil-delgado & escarré 1977, Gil-delgado et al. 2009). nests 
were not removed after the first observation, irrespective of the category they belonged to. 
Used nests without eggs or nestlings were checked every 7 days for a period of 30 days. non-
used nests were eliminated 30 days after the first observation. occupied nests were checked 
every 3 days for 30 days.

2.1. Daily nest use and daily predation rates 
mayfield’s nest success estimator (mayfield 1975) was performed to calculate the daily 

use rate of blackbird nests by garden dormice (nUdR), as well as the daily blackbird 
predation rate (nPdR). 

in order to describe the seasonal trends we adjusted the least-squares quadratic equations 
to the data on available blackbird nests and nests used by dormice. The relationship between 
nests used by dormice and available unused nest were determined with Pearson’s correlation 
test. We also analysed nest type preference using the chi-square test. statistical analyses were 
done with the sPss/PC + statistical package, v. 17.0 (sPss inc., Chicago, il, Usa).

3. Results
We found a total of 232 blackbird nests belonging to 32 pairs (7.25 nests per pair). However, 

42 (22.1 %) of these nests had already been occupied by dormice and other animals, so they 
were excluded from the analysis. 

3.1. Different nest use
The remaining nests (n = 190) were used by blackbirds, dormice and other species. in 7 

nests (3.7 %), blackbird nestlings fledged successfully. Table 1 summarises the different forms 
of nest use. 

3.2. Seasonal occupancy variation
The number of available blackbird nests increased from march to may, after which nest 

availability decreased (Yavailable nest = -18.4X2
month + 114Xmonth - 61.4, R2 = 0.96, p = 0.044) 

(Fig. 1). The same pattern was noted in nest occupation by dormice, although quadratic equation 
was not significant (Yoccupied nest = -10.64X2

month + 63.56Xmonth - 42.2, R2 = 0.95, p = 0.056). 
Further, the used nests by dormice and the unused nests that remained available were correlated 
significantly (r = 0.91, p < 0.032). 
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3.3. Differences in nest use by garden dormice and other predators
Blackbirds used 121 nests for breeding whilst 69 nests were unused. dormice visited  

79 out of these 121 used nests and 30 out of 69 unused nests. so, used nests were significantly 
more visited than unused nests. (χ 2

1 = 8.55; p < 0.01). Furthermore, our results showed that 
unused nests (n = 69) were not visited significantly more often by dormice (n = 30) than other 
predators (n = 9) (χ 2

1 = 0.111; p < 0.01; n = 81). Finally, we observed that both used (n = 15) 
and unused (n = 17) blackbird nests showed signs of secondary use by dormice. dormice 
preferred to occupy unused nests in respect to nests used by blackbirds and preyed previously 
by dormice (χ2

1 = 14.88; p < 0.001). 

3.4. Daily nest use rate and daily predation rate 
Garden dormice were responsible for 63 % of the visits to blackbird nests. another important 

visitor was the black rat (Rattus rattus). The daily nest use rates were 0.032 and 0.009 nests 
visited per day by dormice and by black rats, respectively.

a total of 121 out of 190 nests were predated by dormice (63.7 %). The daily predation rate 
of nests by dormice was 0.1591 nests per day. Thus, more than 99 % of nests failed. 

4. Discussion
in the orange groves of eastern spain, more than half of blackbird nests were preyed upon 

or occupied by dormice. This means that dormice have no difficulties in finding blackbird 

Tab. 1  number and percentage of blackbird nests and their various uses by different species. 
 Bsn: blackbird successful nests, Gd: nests used by garden dormice, B + Gd: nests used  
 by blackbirds and garden dormice, B + o: nests used by blackbirds and other species.  
 ms: nests used by more than two species, nU: nests not used.

BSN GD B + GD B + O MS NU TOTAL

No. 7 30 79 35 9 30 190

 % 3.68 15.79 41.58 18.42 4.74 15.79 100

Fig. 1  number of available blackbird nests (new built nest + available nests of the previous month) 
 and number of nests occupied by dormice during the blackbird breeding season.
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nests in spite of the concealment that orange trees offer to blackbirds. This result agrees with 
other studies which suggested that some carnivorous dormice, such as garden dormice, forest 
dormice (Dryomys nitedula) or edible dormice (Glis glis), can prey on birds because they 
systematically inspect nest boxes (Gatter & shütt 1999) and tree cavities when looking for 
food (adamík & Král 2008).

nests are considered a resource for dormice (adamík & Král 2008). Hence, variation in the 
number of nests occupied by dormice according to changes in nest availability is expected. 
However, although dormice occupied blackbird nests in parallel with the increasing number 
of nests available from march to april, the lower number of nests available from may to July 
did not correspond to a larger proportion of nests occupied by dormice. This pattern can be 
explained by the drop in nest-searching activity, which could occur when most dormice have 
already occupied nests.

our data on seasonal nest use indicate that nest sites such as tree cavities, nest-boxes and 
bird nests, are an important resource for dormice. They could take advantage of already-built 
nests to save energy by using existing nests as the basis for their own. This nest interference 
has led blackbirds to abandon nest used by dormice or other predators and to start building 
another new nest. This anti-predatory response has been reported for different bird species 
that avoid the nest-boxes used by dormice (Juškaitis 1995, 2006). Before the first evidence of 
colonisation of orange groves by dormice in 1999, blackbirds built approximately 2–3 nests 
per breeding pair (Gil-delgado & lacort 1996). in 2008, each blackbird pair built an average 
of 7 nests, which is likely to have been a response to predatory pressure.

We also found that dormice used robbed blackbird nests for different purposes, depending 
on the previous use by blackbirds. dormice prefer blackbird nests that have not been used 
to those previously employed for breeding purposes. We suggest different reasons for this 
behaviour. dormice and other predators may be attracted by the presence of egg or corpse 
remains, so dormice may prefer empty nests to prevent other competitors or predators from 
visiting. moreover, used nests may still contain a significant amount of parasites, which could 
infect young dormice. 

some factors may prove important to determine the level of the dormice-birds interaction 
in different ecosystems (Juškaitis 2006, Koppmann-Rumpf et al. 2003, adamík & Král 2008). 
These main factors are dormice abundance, activity time or bird species diversity. in our case, 
we conclude that the strong interaction between garden dormice and blackbirds is caused by 
two basic factors; firstly, the dormice population has increased considerably since the first 
colonisation steps in orange groves. on the other hand, dormice are active all year round given 
the complete absence of hibernation in orange groves in east spain (Gil-delgado et al. 2006) 
so the blackbird breeding season fully overlaps with the active period of this rodent.
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Evaluation of Muscardinus avellanarius population density by nest 
box and by trap checking

Peter Vogel, Anouk Wey & elise schubnel

Abstract 
Population densities of marked common dormice Muscardinus avellanarius are generally based on 

nest box checks. As dormice also use natural cavities and leaf nests, we tried to answer the question ‘what 
proportion of the population cannot be monitored by nest box checks’, using parallel trapping sessions. 
We selected a forest of 1.7 ha where a 5-year nest box survey revealed an annual mean of 3.4 ± 1.4 dormice 
per check. the trap design (permanent grid of 77 hanging platforms) was developed in June. During July 
and August the traps were set every second week (4 sessions of two nights = 8 nights) resulting in a total 
of 75 captures with a mean of 9.4 dormice per night and the presence of 16 different individuals. the 
grid of 60 nest boxes was checked weekly (8 times) which allowed the recapture of 19 dormice with 
a mean of 2.4 dormice, per control day and the presence of 6 different individuals. Population density 
estimated by the calendar of capture and the minimal number of dormice alive methods gave for nest-box 
checks a value of 2.4 animals/ha and for trap checks 6.6 animals /ha with the conclusions that 63 % of the 
population were not being monitored by nest box checks. 

Keywords: common dormouse, population size, trapping device

1. Introduction
the common Dormouse Muscardinus avellanarius is essentially nocturnal and therefore 

rarely observed. Due to its arboreal lifestyle, its capture is rare in classical trapping devices. 
therefore population studies are essentially based on nest box checks, either with specific 
boxes (bright & Morris 1989, bright & Morris 1990), but also with classical bird nest boxes 
(Juškaitis 2008). this technique gives data on reproduction, social behaviour and longevity, as 
well as interspecific competition and population densities [syntheses in Juškaitis (2008) and 
Juškaitis & büchner (2010)].

in regard to the population densities the question arises whether nest-box checking reveals the 
presence of the whole population or only a part of the resident animals. As the hazel dormouse 
shelters also in natural cavities and also uses spherical leaf nest of its own construction, we 
do not know if some animals have a preference for one or the other nest type. the aim of our 
investigations was to compare by capture-mark-recapture studies the population size using 
small mammal traps and nest box check. the results should reveal the more effective method 
of a population estimation. After a small preliminary investigation in 1998 of just two days 
trapping, we used in the main study in 2003, during a period of two months, a technique that 
was developed especially for the hazel dormouse by Vogel & Duplain (2012). 
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2. Material and methods
2.1. Study site
For this experimental study we selected a forest near echichens (about 10 km west from 

lausanne), at an altitude of 470 m asl with a total area of 1.7 ha. it is in part a humid gallery 
forest following a small stream with Fraxinus excelsior, Quercus robur, Acer pseudoplatanus 
and Alnus glutinosa, enlarged by a plantation of Populus alba and P. nigra. A section where 
the poplars were recently cut down was covered by young Rubus sp. Along the forest edge and 
at lighter places grow bushes of Corylus avellana, Frangula alnus and Clematis vitalba. two 
sides of the forest are situated along an agricultural road and the other two sides are bordered 
by crop fields (Fig. 1). the rather small size should allow our investigation to cover the whole 
forest, avoiding estimations of boundary strips and its isolation certainly reduced exchange 
with other forests.
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2.2. Nest-box device
two types of nest boxes were used. the first is the one developed by specialists in great 

britain (bright & Morris 1989) that we call the gb-type (Fig. 2). it is made in wood and looks 
like a nest box for birds, but with the entrance directed to the trunk. the inner dimensions are 
12 × 12 × 20 cm. the other is originally a german mousetrap produced by DeuFa® (DeuFa 
Fallen, article number 406006, neuburg, germany) that we call here the De-type. it is a 
long wooden box with inner dimensions of 27 × 4.5 × 7 cm. the top is covered with a wire-
mesh and protected against rain and light by a moveable metal cover. it is placed without the 
entrance door in a hanging drainage pipe (Fig. 2). 

originally, for a nest box preference study (Vogel & Duplain, 2012), twenty pairs of both 
types were set in autumn 1996 about 1 to 5 m inside the forest along the edge (nest-boxes 
1–20 in Fig. 1) at a height of 2.5 m. With 3 to 6 checks between April and october, we got 
from 1997–2002 an annual mean per check of 3.4 ± 1.4 sD dormice (adults or subadults) with 
a maximum of 5.25 and a minimum of 1. the mean number of dormice per check (n = 27 
checks) was 3.5 ± 2.5 sD with a maximum of 8 and minimum of 0 individuals.

A small preliminary capture-mark-recapture (cMr)-study in 1998 was done exactly in this 
situation. in spring 2003, judging that for the main investigation the number of nest-boxes 
may be too small, we completed the series by adding ten other nest-box pairs (number 21–30) 
inside the forest. the spatial distribution of the 60 nest-boxes is presented in Fig. 1. 

Fig. 2 example of a pair of nest boxes, left a gb type, right a De type placed in a drainage pipe.
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For checking the boxes, the entrance was closed with a cloth and the box was placed in a 
big plastic bag. hazel dormice over 11 g were marked with a Pit tag and later read with an 
electronic reader (trovan®, euro i.D.®, Weilerswist, germany). For the chip injection in 
the skin of the neck region, the dormouse was slightly anaesthetised with ether.

in the preliminary study in october 1998, nest boxes were checked only once (25th october). 
in the main study during July–August 2003, they were checked weekly (8 checks), but rainy 
conditions induced some small irregularity of visits.

2.3. Trapping device
We used two types of traps, the longworth® trap (Penlon ltd., Abingdon, uk) and the 

german mousetrap of DeuFa, the same model as for nest boxes. All traps were prebaited 
during three nights with a mix of seeds (sunflower seeds, etc.), shelled hazel nuts and a piece 
of apple. the longworth traps were filled with hay as nesting material.

For the preliminary study, 20 pairs of the two trap types were set near the nest box positions 
on the ground and 20 other pairs were fixed on branches, giving a total of 80 traps. the traps 
were set on 19th october 1998 and checked twice, at 11 PM and at 8 AM next day. then the 
traps on the ground were removed. For a second night from 23rd to 24th october, only the  
20 pairs of traps on the branches were used. 

For the main study the trapping design was the one developed by Vogel & Duplain 
(unpublished): one of each trap type were put together on a small wooden hanging platform 
placed at a height of about 1 m (Fig. 3) and set in prebaiting position during three nights. the 
hanging system is a filter against Apodemus species that are less likely to climb down to the 
‘feeder’ along the suspension cord compared to Muscardinus. When fixed directly on the 
branches, in certain years up to 100 % of the traps may be occupied by Apodemus species. 
77 platforms (with a total of 154 traps) were set in parallel rows forming a grid (Fig. 1). they 
were put out every two weeks and set to catch during two nights from 18 PM to 7 AM with a 
single control in the morning. between trapping sessions, only the platforms remained in the 
forest to avoid the traps being used as nest boxes. 

Fig. 3  hanging platform with one longworth and one DeuFa trap. between trapping sessions, the 
 platforms remain in place and help to set the traps at the same position.
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trapping was carried out at irregular intervals in June allowing us to mark a substantial 
part of the Muscardinus population. the experimental period considered here was limited to 
the summer months of July and August with most stable populations (Juškaitis 2008, Fig. 12) 
before the arrival of young from August litters.

2.4. Statistics
A first analysis compares all the trap checks with all nest-box checks by the Mann-Whitney 

u-test for unmatched samples. For the main study, a calendar of capture was established and 
the population size at each control day (or night) was estimated by the method of the least 
number of Muscardinus alive (krebs 1972). this means that an animal not checked at this 
day but captured before and again later was supposed to be present in the forest. We separated 
the calendar of animals present in the nest boxes from those present in the traps in order to 
evaluate the difference of the estimated population size by Wilcoxon’s signed rank test. the 
preference between trap types was evaluated by a chi2 test.

3. Results
3.1. Preliminary study in 1998
the 80 traps in the first night resulted in 13 captures of dormice (11 different individuals). 

All were trapped on the branches, none on the ground. the 40 traps of the second night took 
10 individuals, 8 recaptures and 2 new individuals, a total over the two nights of 13 different 
individuals. the trap success (number of catches compared to the number of traps) was 16 %  
on the first night and 25 % on the second night without traps on the ground. the nest-box 
check two days later showed the presence of 4 individuals, all marked from the preceding 
trapping period. the trapping session revealed 3 times more individuals present in the forest.

3.2. Main study in 2003
Presence of Muscardinus by nest box checking: During the two months, eight checks of 

the 60 nest-boxes were carried out. they revealed 19 positive events with 1 to 4 animals  
(mean 2.4) per check (tab. 1) and a mean occupation of 4 % of the nest boxes. the identified 
animals represented 5 different individuals. considering the first 7 nest-box checks, the 
marked Muscardinus revealed a population size of 3 to 5 with a mean of 4.0 animals alive.

Presence of Muscardinus by trap checking: During the four trapping sessions of two nights, 
the total number of positive trap checks was 75 (6.1 % trap occupation). of these catches,  
58 were in DeuFa traps, only 17 in longworth traps, a highly significant difference (χ2

1 = 
21.3, P < 0.001). the mean number of captures was 9.4 animals per night. the first trap-night 
with a mean of 10.5 was always better than the second trap-night with a mean of 8.3 captures. 
the 75 captures were of 16 different individuals (tab. 1). From these, 10 were never found in 
nest-boxes. in contrast, all checked individuals in nest-boxes appeared once or several times 
in the traps.

the main study as well as the pooled data from both investigations give a significantly 
better score for trap checking, e.g. the median number of Muscardinus in 10 trap sessions is 
significantly greater than in 9 nest box checks, Mann-Whitney u-test (u = 0, P > 0.05).

the population size estimation during July–August 2003 by the minimum number of 
animals alive by trap checking was 10 to 13 individuals (mean 10.9). independent young 
individuals (5) arrived from the end of July, four of them appeared only once in the traps and 
had therefore a low influence on population size and density.
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A comparison between the population size estimation by nest box checking and trapping 
(Fig. 4), on the first 7 checks (using the ‘minimum animals alive’ method, the last value cannot 
be included) show a significant difference between the median number of Muscardinus of the 
two samples (t = 7, P < 0.02, Wilcoxon’s test for matched pairs).

the combined total population estimation from nest box checks and trap checks was 10 to 
13 individuals (mean 11.2). the overall population density with 11 Muscardinus for 1.7 ha 
over the two month period is equivalent to 6.6 animals per ha. based on our nest-box check 
only, it is 2.4 individuals per ha.

4. Discussion
4.1. Trapping device
in general, Muscardinus avellanarius avoids traps on the ground as shown in the preliminary 

study. trapping with prebaiting on tree branches gives a reasonable score, but may be hampered 
by other species living at higher population densities (Apodemus and even climbing Myodes 
glareolus). the device of hanging traps is therefore the best solution. the low trap success (6.1 %
versus 25 % in the complementary investigation) is due to the high number of traps used to 
avoid saturation by other rodents. the significant and 4 times higher score of the DeuFa traps 
showed that this system was more attractive to dormice than longworth traps. As the entrance 
tunnel of both trap types is of similar size, the wooden material may be responsible for the 
better score.

4.2. Nest box versus trap checks
sixty nest boxes in a forest of 1.7 ha is a high density compared to other studies but close 

to 30 boxes/ha as recommended by bright et al. (2006). theoretically in an open system it 

0

2

4

6

8

10

12

14

1B 1T 2B 2T 3B 3T 4B 4T 5B 5T 6B 6T 7B 7T

Present not  trapped

Number in traps

Present not checked

Number in nest- boxes

Fig. 4  histogram of the animals checked in nest boxes (b) and trapped (t) in the sessions 1–7 as 
 well as the animals present but not recorded in that inspection.
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could in a normal situation increase the dormouse population (Morris et al. 1990). however, 
as our forest is rather a closed system with limited exchanges with neighbouring forests, 
an artificial increase of the population was not expected and did not take place. From the 
16 marked dormice, only 6 individuals could be located in nest-boxes. Apparently, 2/3 of 
the population did not use the nest boxes. they sheltered either in natural cavities or in free 
nest constructions.

the preliminary investigation in october 1998, showing 13 different dormice in a two night 
trapping control and 4 individuals by nest-box checking, revealed similar proportions between 
the two independent studies.

4.3. Population size and density
According to Pollok et al. (1990), the often-used technique of the minimum number 

alive (krebs 1972) is a bad population density estimator which does not take into account 
many factors such as age specific behaviour (e.g. our single catches of young dormice) and 
seasonality in trappability. however, for our situation in a short period of two months with a 
high recapture rate in the trap checks (84 %) it seems to us appropriate, and the best method 
for the comparison.

literature on population densities shows different factors such as local climate, structural, 
food, predator and disturbance conditions. Most published data are essentially based on nest-
box checking; only berg & berg (1999) published data from trapping with a maximal density 
of 6.7 individuals per ha. this is close to our trapped density of 6.6 animals per ha.

overall population densities estimated from nest box checks in great britain was 2.2 adults/ha  
(bright et al. 2006), but reached locally up to 15.6 adults/ha (bright & Morris 1990). the 
most important evaluation of density results are presented by Juškaitis (2008), showing very 
low densities, e.g. 0.5–1.4 adults/ha in lithuania (Juškaitis 2003), 3.4 adults/ha in Denmark 
(Vilhelmsen 1996), 0.5–4 adults/ha in italy (sorace et al. 1999), 4.6–8.2 adults/ha in sicily 
(sarà et al. 2001). According to Juškaitis (2008), certain densities in the literature are 
overestimated by different factors, e.g. an estimation without the addition of a boundary strip, 
a high density of nest boxes increasing the normal density of Muscardinus and the fact that 
most studies are executed in optimal habitats.

our experimental test comes to a reverse conclusion, namely that nest box studies may 
underestimate the population density if a part of the population does not use the nest boxes as 
shown in our forest of echichens. the difference may be strong, in our case about a three-fold 
underestimation. From all marked dormice caught by trapping, 37 % were also found in a nest-
box, but only 25 % used them regularly.
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A trial of one-way entrance multi-capture traps and different attractants 
to capture the edible dormouse (Glis glis) in England

Sarah BrookS & roger TrouT

Abstract 
Forty nestboxes modified with one-way entrance systems were placed on trees in 3 woodland sites in the 

Chilterns, england to catch edible dormice alive in a ‘proof of concept’ trial. Four types of attractant were 
used in an attempt to attract dormice to the nestbox traps. a single attractant was placed in each nestbox 
in a stratified manner. Nestboxes were checked daily for 10 days. on a long established monitoring site 
the nestbox traps caught many dormice. The traps caught 67.4 % of the total number of all animals seen 
in the same area throughout 2010, representing 81 % of the adult population and 92.7 % of females. There 
was no overall difference between male and female captures. however, there was a significant difference 
of the number of captures between males and females at the different attractants; apple bait captured more 
females and peanuts more males. Trapping in nestboxes was successful where edible dormice were very 
used to entering but further studies are needed to explore the success of trapping in new sites with naïve 
dormice and to improve the trapping mechanism.

Keywords: trapping, control, modified nestboxes

1. Introduction
The edible dormouse (Glis glis) is an alien species in Britain that was introduced by Lord 

rothschild in 1902 to the Chilterns and the main population remains in the Chilterns area. 
The number of introduced individuals is unknown (Morris 1998). Their population increased 
to such a number that by the 1920s there were reports of damage in houses (Thomson 1953). 
By the 1960s, the edible dormouse was causing considerable damage to forestry produce and 
agricultural crops (Jackson 1994). 

Previous studies have shown that edible dormice feed a lot in beech trees (Fagus sylvatica) 
on the flowers and seeds (Burgess et al. 2003, Bieber 1998). Their reproductive success and 
population densities have shown to vary enormously between years (Jurczyszyn 1995, Schlund 
et al. 1997). In england, it has been suggested that a lack of food force the animals to strip bark 
to eat the cambium layer beneath (Platt & rowe 1964), slowing tree growth and development. 
In some cases ring-barking may lead to stem snap or even to death of the tree and can result in 
an economic problem in timber production, especially for trees such as Norway spruce (Picea 
abies) and european larch (Larix deciduas) (Platt & rowe 1964). They have also been found 
in houses where they are a noisy nuisance at night when they are active and can cause damage 
to timber, furniture and electrical wiring (Morris 1998). Fruit trees have also been affected by 
the edible dormouse, leading to lower yield of orchards (Jackson 1994).
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historically in europe edible dormice have been hunted and captured in a variety of ways. 
Simple baited snares, made of shaped wood and string, were used up to the 1800s. The edible 
dormouse ‘bag’ was a way of capturing the dormice in the trees rather than on the ground 
(Mansfeld 1942). Spring traps are used today in entrances to underground chambers in Slovenia. 

a method of mass capture at ground level was described by Valvasor (1689 in Vietinghoff-
riesch 1960) which makes use of hibernation sites. The mechanism was a hollow pipe with 
a series of spikes that point in an inward direction, allowing the dormice to easily enter but 
making it difficult to escape. This method of trapping is similar to a method described by 
Santini (1978) who developed a modified version of a nestbox in a tree, whereby the entrance 
is surrounded by a funnel shaped ring of sharp steel strips. In our study we used a modification 
of this one-way entrance live-capture method in nestboxes. There have been references to 
baiting of traps in past literature (Vietinghoff-riesch 1960, Pepper 1967) which was also a 
focus of this study. We hypothesised that a one-way multi-capture entrance system would 
successfully trap a significant number of the local edible dormouse population to prove the 
concept of capturing and that different baits would have significant effects on the number of 
dormouse captures. 

2. Material and methods
Three sites in the Chilterns area of england were used in this study. Forty nestboxes were 

used at each site and were run for 10 days during July 2010. The first woodland site a used 
a discrete block of 40 (out of a total of 220) nestboxes for edible dormice, used as part of a 
long term continuous population monitoring study (Morris & Morris 2010). animals had been 
PIT (Passive Integrated Transponder) tagged under the skin for individual identification using 
a hand held reader. The second site B already had 17 nestboxes present for 2 years, so those 
were adapted and 23 new boxes were added prior to this trial, spacing nestboxes throughout 
60 % of the woodland at a rate of 10 nestboxes per ha. The third site C was a woodland just 
outside the main core population of edible dormice in england, where a recent sighting had 
been confirmed but no nestbox or population monitoring had previously been made. Forty new 
nestboxes were erected and adapted.

The nestboxes were set up and run for 10 days during July 2010. The entrance of each 
nestbox was modified by fitting a ‘one-way’ mesh steel cone (see Fig. 1) to allow easy entry 
to the box but prevent escape. each modified nestbox was sprayed with concentrated apple 
juice as a base attractant. 

additionally, four different types of attractants were used in the nestboxes in a stratified 
rotation on succeeding boxes - apple, dissected anal gland scent, peanuts, scat scent.

Traps were inspected daily and the gender of edible dormice and nestbox location 
recorded. any animals found in site a were identified from their PIT tags (or microchipped 

Fig. 1 adapted nestbox by inserting a one-way wire cone mechanism into the entrance hole.

 

Nestbox
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if unmarked) and released onto a nearby tree; in site B they were humanely killed under 
licence from Natural england. These data were then analysed to examine the number of 
dormice removed in relation to the local population. all trapping cones were then disabled 
to allow animals free access. Site a was subsequently checked every month as part of the 
ongoing monitoring. a check of the nestboxes in site B was completed two months after the 
trial to monitor the effects of the culling on the population. Site C was also checked every 
month. aNoVa analysis was used to examine the relative effectiveness of each attractant to 
attract edible dormouse and if there was any interaction with their sex. aNCoVa analysis 
was then used to analyse any interactions found.

3. Results
at site a, 241 captures were made over the 10 day trial, representing 124 individuals (see 

Fig. 2). on 13 occasions two animals were caught in one nestbox and on eight occasions three. 
The daily number of new animals captured (i.e. all those previously known and previously 
unknown animals captured just during the trial period) decreased over time (see Fig. 2). From 
all data on this population from 2010 we calculated that this represented 67 % of all individuals 
including young; 81 % of the total adult population known during the whole year (before and 
after the trial) and 92.7 % of the adult female population; i.e. the potential breeding population 
of the local area. In this site, all the animals were released after capture and were able to go on 
to breed. had they been culled, their young would not have been born, therefore, only 7.3 % 
of known females could potentially have gone on to breed. 

In site B, 21 adult animals were humanely killed. This represented a removal rate of 5 
animals per hectare. Seven (33 %) of the animals were in the 55 % of newly erected boxes in 
new locations and 14 in the well established ones. In mid-September another nestbox check 
revealed 16 more adult animals. This was broadly in proportion to the area not covered by the 
traps. No evidence of edible dormouse was found in site C during trapping nor after the trial. 

Fig. 2  The daily capture of different individuals during the 10 day trial in comparison to the 
 total number of captures, including re-captures of PIT tagged animals. (‘new’ refers to the  
 first time of catching during the ten day trial; most animals were already known and marked  
 several years before, while some were previously unmarked). 

Day

N
um

be
r o

f a
ni

m
al

s

new individuals tot cap.



Sarah Brooks & roger Trout154

Two-way aNoVa analysis showed that there was no significant effect of attractant or sex on 
the number of dormouse captures in site a (F = 1.56, p = 0.21, p > 0.05 and F = 0.04, p = 0.83, 
p > 0.05). however, the analysis showed that there was a significant effect of the interaction 
between sex and attractant on the number of dormouse captures (F = 4.78, p = 0.004, p < 0.01). 
Therefore, further analysis using analysis of Covariance (aNCoVa) examined the effects 
of these interactions. This analysis shows that apple and peanut attractants have the greatest 
difference between number of male and female captures (t = 3.65, p < 0.001), followed by 
anal scent (t = 2.69, p < 0.01), then droppings (t = 2.05, p < 0.05). apples appeared to be more 
effective at capturing females whilst peanuts were more effective at capturing males (Fig. 3). 

4. Discussion
This study demonstrated that the one-way entrance multi-capture mechanism worked 

successfully on tree-mounted nestboxes in england at capturing edible dormice. We captured 
81 % of the known adults in the local area in site a, representing 92.7 % of females. The 
traps captured multiple animals, this is not surprising given the sociable nature of this species 
(Morris 2004). The edible dormice on this site were very accustomed to using the nestboxes 
throughout the past 14 years. This enabled us to anticipate a large potential catch to provide 
a sufficient database for analyses in order to determine a ‘proof of concept’ result for the 
attractants. It does not mean that this level would be achieved at a new site with naïve animals 
– indeed we caught no animals in site C (but this may be because there were none there). In 
site B we caught 33 % of the animals in the 55 % of newly erected boxes in new locations. 

animals culled in site B represented 5 animals per hectare. The culling of resident animals 
creates an increased availability of nestboxes for other animals to move in. Jurcyszyn & 
Zgrabcynska (2007) showed the distances travelled by males are greater in low-density 
populations. animals from the remainder of the wood or from surrounding woodland may 
have taken over the nestboxes during the 2 months following the culling trial but unfortunately 
funding did not allow monitoring or culling in the subsequent year. 

Fig. 3 Total number of male and female edible dormouse captures using the different attractant 
 materials. error bars representing 1 standard error.

Male

Female
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There were some observations of animals being able to escape from the nestbox traps and it 
is suggested the cone mechanism should be modified, which may increase the rate of removal 
rather than the number removed. Nonetheless, these are very encouraging results for an initial 
proof-of-concept trial in that the concept had been successful. 

It is well known that edible dormice use scent in trailing behaviour (Morris 2004) so it 
is likely that they would use scent to find food. The attractants were cheap, easy to prepare 
and to apply. Future work should incorporate a blank control. Whilst no single attractant was 
better than another at attracting greater numbers of dormice overall, apple appeared better at 
attracting female whereas peanuts attracted more males. The reason for different preferences 
for bait is difficult to surmise.

overall, this study has demonstrated the principle that edible dormice can be successfully 
trapped in trees using a one-way multi-capture nestbox mechanism. We have demonstrated 
trapping a high percentage of adult females in an area where the population was very familiar 
with nestboxes for over a decade. Further work should be carried out to establish the best 
method of (multicapture) trapping removal in situations with no prior nestbox experience 
since this is a critical requirement for urgent pest control situations. Further investigations are 
needed to explore attractants – with a blank control – and artificial hibernacula trapping, since 
the latter would require few visits for control purposes and reduce the resources to service.
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Testing the use of two types of nest box by the common dormouse 
Muscardinus avellanarius 

Peter Vogel & Jérôme DuPlain

Abstract
British mammalogists have used two different systems for surveying the common dormouse 

Muscardinus avellanarius: a modified bird nest box with the entrance facing the tree trunk, and a smaller, 
cheaper model called a ‘nest tube’. However, only few data comparing different nest box systems are 
currently available. to determine which system is more efficient, we compared the use of the large 
(gB-type) and small nest boxes (De-type, a commercial wooden mouse trap without a door) in three 
Swiss forests. the presence of Muscardinus, potential competitors, and any evidence of occupation were 
examined in 60 pairs of nest boxes based on 2,280 nest box checks conducted over 5 years. mean annual 
occupation and cumulative numbers of Muscardinus present were both significantly higher for the De 
than for the gB boxes (64.6 % versus 32.1 %, and 149 versus 67 dormice, respectively). in contrast, 
the annual occupation by competitors including Glis glis, Apodemus spp. and hole-nesting birds was 
significantly higher in the gB than in the De boxes in all forests (19–68 % versus 0–16 %, depending 
on the species and forest). these results suggest that smaller nest boxes are preferred by the common 
dormouse and are rarely occupied by competitors. these boxes hence appear to be preferable for studying 
Muscardinus populations.

Keywords: nest tube, Glis glis, Apodemus

1. Introduction
many biologists using nest boxes to study birds have noted the occasional or regular 

presence of small mammals, including the common dormouse Muscardinus avellanarius, 
the fat dormouse Glis glis and the yellow-necked mouse Apodemus flavicollis. Some 
researchers collected data on these mammals based on these numerous occasional 
observations (Kahmann & von Frisch 1950, löhrl 1960, Pielowski & Wasilewski 1960 
gaisler et al. 1977, Schulze 1986, gatter & Schlütt 1999). in a further step, morris et al. 
(1990) developed a specific type of nest box, referred to here as the gB-box that hampered 
their use by birds by having the entrance directed to the tree trunk. the success of this 
system encouraged the use of this type of nest box by mammalogists in many countries 
(e.g. tvrkovic et al. 1996, Büchner 1997, minato et al. 1997, milazzo et al. 2003, Kryštufek 
et al. 2003, Vilhelmsen 2003). in contrast, other studies continued to use normal bird-
type nest boxes, compensating for the presence of competitors by using large numbers of 
boxes (Juškaitis 1994, 1995, 1999a, nowakowski & Boratynski 2001). other researchers, 
however, developed different designs (e.g. Catzeflis 1983, 1984), initially using small, flat 
bat boxes that were colonised by the common dormouse, and finally switching successfully to  
6-cm diameter, 30-cm long drainage pipes that were closed at one end.

the great success of Catzeflis (1984) as well as unpublished observations of H. müller-Stiess 
on common dormouse nesting in blocked german mouse traps (unpublished data presented at 
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the first Dormouse Colloquium in grafenau, 1990) incited one of us (PV) to start in 1997 a 
study testing the classical nest box against that german mouse trap (J. Duplain, unpublished 
master thesis 2003). Since, a comparative study with so-called nest tubes demonstrated a 
low success of the smaller model (Chanin & gubert 2011) which is in contradiction with our 
results. it is therefore worthwhile to present and discuss our data.

2. Material and methods
as classical nest box, we used the gB-type, a nest box developed in great Britain by Bright 

& morris (1989) and morris et al. (1990). its internal dimensions were 12 × 12 cm at the base 
and 15–20 cm height, constructed out of 15-mm thick wood. the circular entrance hole had an 
initial diameter of 30 mm, but this is often enlarged, especially by edible dormice. this nest 
box was placed on a tree with the hole directed towards the trunk with a gap between the trunk 
and the nest box of about 3 cm, thus discouraging entry by birds (Fig. 1). However, birds were 
still able to use them in many cases due to the irregular shape of many tree trunks.

as much smaller nest box, we used the De-type, a small-mammal trap built in germany 
by DeuFa (article number 406006, neuburg, germany). it comprised a long wooden box with 
internal dimensions of 4.5 cm width × 27 cm length × 7 cm height (Fig. 2), covered with wire 
mesh and a moveable metal cover. the front was left open, without the door of the closing 
mechanism. the trap was placed in a drainage pipe (35 cm long × 15 cm diameter) to protect 
it from heavy rain. the pipes were suspended under branches.

twenty pairs of both nest box types were set along a transect of approximately 500 m, close 
to the forest edge, in each of three experimental forests of western Switzerland (46.5 n, 6.5 e).  
to avoid behavioural competition, the gB and De type were spaced about 3–8 m and set at a 
height of 2–3.5 m [see Fig. 2 in Vogel et al. 2012 (this volume)]. 

nest boxes were visited at irregular intervals of at least 30 days over 2–5 years, between 1998 
and 2002, depending on the forest, during the activity season. at the first visit of the year, the 
nest boxes were cleaned. Bird nests were extracted from the boxes after the bird breeding season.

During the visits, each nest box was opened and every animal present was recorded with 
minimal disturbance. exceptionally, animals were placed in a plastic bag, e.g. to identify 
Apodemus sp., but were then immediately released into the nest box. to avoid stress, no animal 
was marked. indirect activity was noted, faeces, nest material, leftover food, and stored food. 
Presence of animals together with signs of indirect activity allowed the yearly occupation of 
each nest box to be determined. the same nest box may have been used in turn by a dormouse, 
a field mouse and a tit, and may therefore appear in the statistics for all three taxa.

2.1. Description of the forests
all three forests were enlarged gallery forests, situated along a small stream, with a high 

frequency of hazel (Corylus avellana), especially at the edges. according to Delarze et al. 
(1998), the forest at Forel [at 710 m above sea level (a.s.l.), 12.5 ha] was a galio-Fagenion 
with beech (Fagus sylvatica), accompanied by ash (Fraxinus excelsior), sycamore (Acer 
pseudoplatanus), oak (Quercus robur) and spruce (Picea abies). the forest of échichens 
(470 m a.s.l., 1.7 ha) was a Fraxinion with a predominance of ash, accompanied by oak, alder 
(Alnus glutinosa), sycamore and poplars (Populus alba and P. nigra). the forest of lonay 
(380 m a.s.l., 1.1 ha) was also a Fraxinion with the same species. However, it differed by 
having recently been partly felled and therefore contained a high density of growing bushes, 
as in a coppiced forest.
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Fig. 1  gB nest box with hole towards the trunk.

Fig. 2  De nest box with an old Muscardinus nest, metal cover and drainage pipe.
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3. Results
3.1. Nest box occupation
a total of 2,480 nest box checks were performed (on average, 20.7 per box). Yearly 

occupation by Muscardinus based on the indices of activity (tab. 1) fluctuated between 10 
and 50 % in gB boxes, depending on the year and the forest. occupation of the De boxes 
varied between 40 and 75 %. the annual variation did not deviate by more than 20 %, except 
in one case. overall, the yearly occupation was significantly higher in the De than in the 
gB boxes for all years (Pearson Chi-square tests, χ2  > 4.8, df = 1, p < 0.03), with a mean 
occupation of 32.1 % in the gB boxes and 65.6 % in the De boxes. Considering each forest 
separately, although differences between the two types of nest boxes occurred in other years, 
the differences were only significant for Forel in 2000 and 2001 (2000 and 2001: χ2  > 12.60, 
df = 1, p < 0.001).

the number of common dormice found in the nest boxes and the relative frequencies were 
also higher in the De boxes (7.1–16.2 %) compared to the gB boxes (2.6–7.3 %) for all three 
sites (tab. 2). Significantly more Muscardinus were found in De boxes (149 sightings, 13 %) 
compared to gB boxes (67 sightings, 6 %) in each forest (Pearson Chi-square tests, χ2  > 6.3, 
df = 1, p < 0.02). only 10 females with pups were observed, eight in De and two in gB nest 
boxes. they tended to reproduce more frequently in De boxes (Fisher exact test, p = 0.11).

Tab. 1 annual occupation rate (%) of gB and De nest boxes by M. avellanarius at the three study 
 sites during the whole observation period. 

Site Nest box 1998 1999 2000 2001 2002 Annual mean

échichens gB 45 40 35 35 40 39

échichens De 75 70 75 65 65 70

Forel gB - 15 10 10 20 14

Forel De - 40 75 70 45 58

lonay gB - - - 50 40 45

lonay De - - - 75 55 65
- = nest box pairs not yet set.

Tab. 2  total number of M. avellanarius present and relative frequencies in gB and De nest boxes 
 at the three study sites.

Site Nest box Visits (N) Checks (N) Presence (N) Frequency

échichens gB 26 520 38 7.3 %

échichens De 26 520 84 16.2 %

Forel gB 19 380 10 2.6 %

Forel De 19 380 27 7.1 %

lonay gB 12 240 19 7.9 %

lonay De 12 240 38 15.8 %
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3.2. Phenology of occupation
the monthly occupation in the three forests (Fig. 3) showed increasing occupation in spring, 

with the highest numbers in autumn, except for Forel, which showed an important drop in late 
summer and autumn. this was probably the result of disturbance by the increasing activity of 
juvenile edible dormice, which were absent in the other investigated forests.

3.3. Other species observed in nest boxes
Four other mammal species were observed in the nest boxes (tab. 3), with Apodemus 

flavicollis and A. sylvaticus being the most frequent. Species assignment was not possible 
based on the nest alone, and the Apodemus spp. were therefore pooled. Glis glis was the most 
frequent competitor in Forel, whereas Apodemus spp. were relatively rare. a single bank 
vole (Myodes glareolus) was observed in a nest box. among the hole-nesting birds, only 
tits were regularly found. Colonisation by eusocial insects, including wasps, bumblebees, 
or ants remained rare.

regarding occupation by Apodemus spp., the pooled data from échichens and lonay showed 
a significantly higher occupation for gB boxes in all years (Fisher exact test: p < 0.003). the 
edible dormouse was only found in Forel, where individuals occupied significantly more gB 
boxes (50–75%) than De boxes (0–5%) in all four experimental years (Fisher exact test: 
p < 0.001). Apodemus (4) and Glis (9) families with pups were only found in gB boxes.

Data for tit species (great, blue and marsh tits) Parus spp. were pooled because the eggs 
and young could not always be distinguished. the annual occupation by tits was 10–70% in 
gB boxes and only 0–5% in De boxes. this difference was significant for all forests in most 
years (Fisher exact test: p < 0.05). in gB boxes, 74 broods were observed while in De boxes 
one single tentative occurred.

Fig. 3  Phenology of percentage monthly nest box occupation (white = gB model, grey = De 
 model) for the three study sites (échichens, lonay and Forel). Data for the different years  
 are pooled. For march, only the forest of échichens was checked.
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Tab. 3  mean percentage annual occupation of gB and De nest boxes by vertebrates and eusocial 
 invertebrates at the three study sites.

Site Nest box M. avellanarius Apodemus G. glis C. glareolus Tits Insects

échichens gB 39 68 0 1 19 3

échichens De 70 16 0 0 1 0

Forel gB 14 4 64 0 59 0

Forel De 58 0 2 0 0 0

lonay gB 45 70 0 0 33 8

lonay De 65 8 0 0 0 0
Apodemus = A. flavicollis and A. sylvaticus pooled; tits = Cyanistes caeruleus, Parus major and 
Poecile palustris; insects = eusocial insects including wasps (Vespula spp.), Bumblebees (Bombus 
spp.) and ants (Formicidae).

4. Discussion
4.1. Overall nest box use
overall nest box use in the three experimental forests was comparable to the occupation 

rates found in Britain (morris et al. 1990) and lithuania (Juškaitis 1999a), where nest box 
techniques were applied. We found only slight fluctuations of around 20% occupation between 
years. this contrasts strongly with results of individual censuses in boxes, which show 
increases of up to four-fold between the worst and best years (Catzeflis 1984, Coppa 1991, 
Juškaitis 1994). the fact that one individual may use several nest boxes situated in its home 
range may explain our relatively stable occupation rates.

4.2. Difference in the use of the GB and DE nest boxes
Muscardinus has two main types of nests during its active period. the first is a spherical 

structure of leaves and other vegetable material with a lateral entrance. this is generally fixed 
in forks of twigs, very often in well-protected places such as in large thorny bushes of Rubus sp. 
(Kahman & von Frisch 1950, van laar 1984). the second type of nest is also spherical, but 
placed in different kinds of holes, e.g. in the trunk of a tree as used by tits. these can be 
replaced in the experimental situation by classical vertical nest boxes, such as those used 
for birds or gB-type boxes or even asbestos cement drainage pipes (Catzeflis 1984). For 
studying edible dormouse, morris & temple (1998) developed a new type of nest box referred 
to as a ‘nest-tube’, 60-cm long. the use of large numbers (about 2,000) of a smaller model  
(5 × 5 × 25 cm, Bright et al. 2006) allowed the presence of common dormouse to be demonstrated 
in unusual habitats (Woods 2004). Comparative statistical results between the gB type and 
British nest tubes have shown a very bad score for the smaller tubes (Chanin & gubert 2011).

in contrast, the current multi-annual comparison between the gB and De nest boxes 
demonstrated significantly higher occupation of the De type, in terms of both the number of 
common dormice encountered, as well as in terms of occupation derived from indirect activity 
signs. regarding other vertebrate species, the rates of occupation differed: tits, field mice 
and edible dormice occupied the gB boxes significantly more often and never reproduced 
successfully in the De boxes. this suggests that the De boxes are too small to provide nesting 
sites for all these species. these species are either very aggressive or larger than Muscardinus, 
and are therefore dominant (Juškaitis 1995, Juškaitis 1999b, Juškaitis 2008) and have priority 



testing the use of two types of nest box 163

over Muscardinus in the gB boxes. they used between a third and a half of the gB boxes, thus 
reducing their availablity to Muscardinus. We believe that the higher occupation of De nest 
boxes by Muscardinus was the consequence of competition for nest sites from Apodemus, Glis 
and tits rather than the result of a preference by Muscardinus for this type of box. 

However, marsh & morris (2000) found no evidence of interspecific competition in england, 
possibly because the nest box density was higher or because there were fewer competitors [low 
density of Apodemus flavicollis and practical absence of Glis (morris 1997)]. interestingly, a 
comparative study of bigger nest boxes in Sicily by Sarà et al. (2005) came to a reverse 
conclusion. the common dormouse was not only dominant over blue tits, but was moreover a 
serious predator of tit nests. at many places tit egg predation was never observed and as noted 
by Juškaitis (2006, 2008), opinions (and facts) regarding competition and predation behaviour 
vary, and different conditions may result in different reactions and adaptations.

in conclusion, and in contradiction to the study of Chanin & gubert (2011) the results of 
this study indicate that smaller nest boxes are more suitable for Muscardinus. the potential 
disadvantage of the smaller size is compensated for by the reduction in interspecific competition 
from other nest box-using vertebrates. moreover, the smaller nest boxes may be cheaper to 
produce. although De traps used as nest boxes are less durable than the gB box with thicker 
walls, they can easily be replaced. Despite their smaller size, De-type nest boxes thus appear 
to offer a significant advantage over larger boxes for the study of Muscardinus.
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Comparison of two nestbox types and their suitability for the common 
dormouse Muscardinus avellanarius
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Abstract 
throughout its distributional range the common dormouse Muscardinus avellanarius uses nestboxes 

intended for birds and dormice, but there have been no investigations of preferences for either nestbox 
type yet. in a three-year-study carried out in a low mountain range near the town of Schlüchtern, 
Germany from 2009 until 2011 a total of 23 nestboxes of two different types of construction and 
size were set up at intervals of 20 m along a hedgerow. the nestboxes comprised a total of 12 wood-
concrete 1b SChWeGlertm nestboxes for birds with an entrance hole measuring 26 mm (abbr.: birD-
boxes) as well as 11 wooden nestboxes made by a local manufacturer with an entrance hole measuring  
21 mm (abbr.: muS-boxes). the aim of the study was to find out if the muS-boxes would be accepted 
by the common dormouse, whether preferences for either nestbox type could be detected and if the small 
nestboxes could help minimize competition with other nestbox users such as tits, mice (Apodemus sp.) 
and insects. the results showed that the common dormouse accepted the muS-boxes and used them more 
intensively than the birD-boxes, the intensity being relatively stable over the years whereas it showed 
significant differences in the use of birD-boxes. muS-boxes also helped to eliminate use by tits, edible 
dormouse Glis glis and partially also hornet Vespa crabro.

Keywords: preferences, entrance hole, competition, Apodemus sp.

1. Introduction
the common dormouse Muscardinus avellanarius is known to accept nestboxes for birds as 

well as specially designed dormouse nestboxes throughout its distributional range (vaughan 
2001, Juškaitis 2008). 

Generally nestboxes are also occupied by other mammals such as edible dormouse Glis glis, 
yellow-necked mouse Apodemus flavicollis, woodmouse Apodemus sylvaticus, hole-nesting 
birds like blue tit Parus caeruleus and insects, e. g. Saxon wasp Dolichovespula saxonica and 
hornet Vespa crabro. all these nestbox users have been observed to be potential competitors 
for the common dormouse. tit nests are being avoided possibly due to aggressive behaviour 
by the birds (Gatter & Schütt 1999) or the danger of parasites originating from hair used by tits 
for nest construction. Juškaitis (1998) states that several torpid dormice were pecked to death 
presumably by the great tit Parus major. however observations on the impact of the common 
dormouse on birds is quite controversial ranging from destruction of birds’ broods (adamík & 
Král 2008) to peaceful co-existence in the same nestbox (Juškaitis 1995). insects, once they 
have established a colony keep the common dormouse from using the nestbox.
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no studies have yet been conducted focusing on which of the two nestbox types the common 
dormouse prefers. therefore we had a comparatively small nestbox constructed in order to 
check whether it would be accepted by this species. furthermore we asked whether we might 
detect preferences over nestboxes for birds and if the small nestbox might help minimize 
competition with other nestbox users.

2. Material and methods
the dormouse nestboxes were made of wood by a local manufacturer, according to the 

preference of dormice for that material (Juškaitis 1997). as the minimum diameter of dormouse 
nests is known to be 4.5 cm (vilhemsen 1996) the measurements chosen for the nestbox 
chamber were 6 × 6 × 27 cm. this relatively small chamber was also chosen to possibly keep 
insects from building nests inside the nestbox as the size of Saxon wasp nests varies between 
10–20 cm (hintermeier & hintermeier 1994) while that of hornets may reach a diameter of up 
to 70 cm (lohmann 2004).

a relatively small entrance hole of only 21 mm was created following the suggestion by 
Gatter & Schütt (1999) to use entrance holes measuring less than 27 mm to keep edible 
dormice from using the boxes. the entrance hole faced outwards to check whether small hole-
breeding birds would still be able to enter. in addition a metal plate known to be no obstacle for 
common dormouse (vaughan 2001) was put around the entrance hole to avoid gnawing and 
therefore keep its size stable. a lid on top was chosen to minimize disturbance while checking 
the nestboxes. the abbreviation used for this type of nestboxes will be ‘muS-boxes’.

a total of 11 dormouse nestboxes were set up alternating with 12 cylindrical wood-
concrete 1b SChWeGlertm nestboxes for birds with a removable front panel, an entrance 
hole measuring 26 mm, an internal diameter measuring 12 cm, the front side measuring 24 
cm, the back side measuring 27 cm. the abbreviation used for this type of nestboxes will 
be ‘birD-boxes’.

the nestboxes were erected at intervals of 20 m in a linear array along a hedgerow in a low 
mountain range at approximately 3.5 km north of the town of Schlüchtern (50° 19’ n, 9° 28’ e),  
Germany. all nestboxes were set up at a height of approximately 1.6 m (bright et al. 2006) 
on thick branches or stems and in one case on a fence post always assuring connectivity with 
the surrounding vegetation. the hedgerow consisted mainly of blackthorn Prunus spinosa, 
hawthorn Crataegus laevigata, privet Ligustrum vulgare and dog rose Rosa canina.

nestbox checks were carried out from spring , i. e. march/april until autumn, i. e. october/
november at least monthly from 2009 until 2011. especially in spring, checks were conducted 
more frequently in order to gather data for a long-term monitoring project focusing mainly on 
hole-nesting passerines. tit nests were removed from the nestboxes after the breeding season. 
nestbox users were neither captured nor tagged to minimise disturbance. in some cases it was 
therefore impossible to count the exact number of animals in the nestbox. thus for dormouse 
findings we distinguished between the presence of an individual or an empty dormouse 
nest. the name of the species or, if impossible to determine, the genus of nestbox users was 
registered when finding individuals and/or typical nests. over each year the same nestbox can 
be occupied successively by several species. for the analysis a species was counted once per 
year even if it occurred in one nestbox several times.

the total number of nestboxes used by a species/genus were compared by applying the 
Chi2-test, in cases of a simple contingency table with one degree of freedom the continuity 
correction was applied.
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3. Results 
evidence of common dormice in the study area was found as dormouse nests, individuals 

and in two years even litters (2009: one in a birD-box, three in muS-boxes; 2011: six in 
birD-, seven in muS-boxes) were found in both nestbox types. tits, mainly blue tit, and in 
one case great tit were found mainly in the birD-boxes. only once an unfinished and empty 
tit nest, presumably blue tit was registered in a muS-box.

Saxon wasp and hornets were found in both nestbox types. While Saxon wasp succeeded in 
establishing a colony in muS-boxes in four cases (two in 2009, one in 2010 and one in 2011) 
findings of hornets were restricted to queens and building activities. Apodemus sp. occurred 
in dormouse nests as well as in its own nests and often with juveniles in both nestbox types. 
edible dormouse appeared in one birD-box and even gave birth there. 

nestbox users appearing exclusively in muS-boxes were bank vole Myodes glareolus 
in two cases and a solitary bee species, presumably Osmia bicornis (Scholz, a., personal 
communication).

Common dormice used more birD- than muS-boxes in 2009, then occupied more 
muS- than birD-boxes in 2010 and 2011, but the differences were not significant (2009:  
Chi2 = 0.000; df = 1; p > 0.05; 2010: Chi2 = 2.091; df = 1; p > 0.05; 2011: Chi2 = 0.457; df = 1; 
p > 0.05). the numbers of used birD-boxes showed significant differences between the years 
(Chi2 = 8.914; df = 2; p < 0.05) whereas for muS-boxes no significant result, but a trend could 
be observed (Chi2 = 5.280; df = 2; p < 0.1).

Apodemus sp. appeared in both nestbox types in 2009 and 2010 and could be detected in 
birD-boxes exclusively in 2011. Comparing the number of nestboxes used each year no 
significant difference between the two nestbox types could be found (2009: Chi2 = 1.166; 
df = 1; p > 0.05; 2010: Chi2 = 0.000; df = 1; p > 0.05). the use of birD-boxes showed no 
significant differences between the years whereas the use of muS-boxes did (Chi2 = 13.364; 
df = 2; p ≤ 0.001).

blue tits revealed significant differences in the use of birD-boxes between the years 
reaching its maximum count of 11 occupied birD-boxes in 2010 (Chi2 = 6.742; df = 2; 
p < 0.05). including nests of undetermined tits’ species ( = ‘tits’ in fig. 1a) no such difference 
appeared (Chi2 = 2.182; df = 2; p > 0.05).

only in 2009 Saxon wasp could be detected in both nestbox types showing no relevant 
difference in the number of nestboxes used (Chi2 = 0.007; df = 1; p > 0.05). also the number 
of occupied muS-boxes showed no significant difference between the years (Chi2 = 0.569; 
df = 2; p > 0.05).

for hornets no significant difference in the use of muS- and birD-boxes in 2009 could be 
found (Chi2 = 0.365; df = 1; p > 0.05), in both nestbox types the intensity of use varied between 
the years (birD: Chi2 = 6.039; df = 2; p < 0.05; muS: Chi2 = 11.242; df = 2; p < 0.01).

the solitary bee species appeared in the muS-boxes in all three years but the comparison 
between the years revealed no significant difference (Chi2 = 4.290; df = 2; p > 0.05).

focusing on the total number of animal sightings (= number of encounters of at least one 
individual in the nestbox) the muS-boxes revealed higher counts for common dormice than 
the birD-boxes for all years. for 2010 and 2011 the counts were significantly higher than in 
the birD-boxes. as the probability of animal encounters rises with the number of nestbox 
checks in contrast to findings of dormouse nests which remain in the nestbox no comparison 
between the years was carried out (2009: 35, 2010: 21, 2011: 41 checks).
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Fig. 2  total number of animal sightings of the common dormouse ( = encounters of at least one 
 individual) in both nestbox types.
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Fig. 1  A, B:total number of nestboxes used by genera/species in birD-(above) and muS-boxes 
 (below); abbreviations: mus. = Muscardinus; apo. =Apodemus spec.; bt = blue tit.
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the chronological order of nestbox use by several species showed that once Apodemus sp. 
occupied a nestbox of either type, no more individuals of the common dormouse would be 
encountered afterwards. although the cells built by the solitary bee species covered up to three 
corners of the muS-boxes they did not keep common dormice from occupying a nestbox.

4. Discussion
the use of muS-boxes may be advantageous for the common dormouse as it allows the total 

elimination of two potential competitors for nestboxes, i. e. tits and edible dormouse, and a 
partial elimination of hornets as these occurred in the nestboxes but did not manage to establish 
colonies. the presence of the edible dormouse in the study area was proven by a finding in 
a birD-box which is generally considered to be too small for this species. unexpectedly 
Saxon wasp managed to establish colonies in the muS-boxes in spite of the relatively small 
measurements. furthermore, the muS-boxes cannot help to exclude Apodemus sp. whose 
appearance seems to be crucial for it terminates the use of a nestbox by common dormice. this 
confirms the observation that dormice confronted with the smell of urine of the yellow-necked 
mouse immediately avoid the source of odour (zaytseva & nowakowski 2011). 

except for the first year, the common dormouse was found more often in muS-boxes and 
its strong presence there does not show significant differences between the years indicating a 
preference for this nestbox type. in addition, the observation that more animal sighting were 
registered in the muS-boxes indicates a more intensive use of this nestbox type. Several 
studies on suitable nestbox sizes have been carried out and showed different results. Common 
dormice were observed to select smaller nestboxes (15 × 15 × 20 cm) and smaller entrance 
holes (32 mm) in a study conducted in Sicily (Sarà et al. 2005), the measurements of the small 
nestboxes being bigger than those of the birD-boxes in the present study. in contrast, a study 
carried out in britain showed preferences for larger nestboxes (eden & eden 2001) while a 
lithuanian study (Juškaitis 2008) showed no preferences for neither large nor small nestboxes. 
possibly the presence of potential competitors, as well as the accessibility of nestboxes for 
such species, might be important in the common dormouse’s choice of whether to use a 
nestbox or not. the fact that birD-boxes were used by more species of potential competitors 
might explain the varying intensity of use by common dormice over the years.

in this context it is remarkable that although nests used for reproduction tend to be bigger in 
diameter, i. e. 10–15 cm (Juškaitis & büchner 2010) than the chamber size of the muS-boxes, 
reproduction nevertheless occurred in them. possibly the presence of competitors in the study 
area caused common dormice to accept less favourable places, i. e. extremely small sites to 
raise juveniles. the absence of dormouse litters in the nestboxes in 2010 might be explained 
by the fact that Apodemus sp. reached its highest count of occupied nestboxes in this year. 
eden & eden (2003) state that high abundance of Apodemus sp. causes a decrease in nestbox 
use by the common dormouse. as seen in 2011 with only few competitors present, common 
dormice used both nestbox types intensively.

the present study was conducted as a pilot test for a future project comprising a larger number 
of both birD- and muS-nestboxes with different combinations of internal dimensions and 
sizes of entrance holes to find out about ideal nestbox parameters for the common dormouse.
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Dispersal movements of edible dormice Glis glis between small woods 
in a fragmented landscape in Thuringia (Germany)

Kathrin Worschech

Abstract 
Dispersal movements of edible dormice Glis glis between 10 small woods in a fragmented landscape 

in the south of altenburg (thuringia, Germany) were investigated from 1999 to 2003. the size of these 
woods ranged from 0.6 ha to 21 ha and the distance between them varied from 20 m to 1 km. Woodlots 
were surrounded by cultivated fields and meadows. Field data were obtained using the mark-recapture 
method by conducting bimonthly nest box checks between May and october. a total of 1042 edible 
dormice were marked. no movements were recorded between the most distant woods (1 km). however 
18 dormice moved between woods which lied 20 to 270 m apart. Dispersers were exclusively males. 
Most dispersal events involved both juvenile and subadult individuals. it could be assumed that dispersal 
events were associated with a high population density in small woodlands.

Keywords: Gliridae, habitat mosaic, migration, traveled distances

1. Introduction
the edible dormouse Glis glis is characterized as an arboreal mammal that avoids moving 

on the ground and crossing areas without vegetation. indeed, radio-tracked animals preferred 
to cross gaps in forests by moving from branch to branch (hönel 1991, Müller-stieß & 
herrmann 1997). Dormice took a longer route through the tree canopy to cross a forest road 
instead of using a shorter way on the ground. therefore, it was assumed that forest roads or 
large-scale clear-cuttings could impede the exchange between edible dormouse populations in 
a forest. negro et al. (2011) investigated the impact of ski pistes on dormice and other small 
mammals in the italian alps and found that these treeless areas are rarely crossed by small 
woodland mammals. their results showed that ski pistes act as ecological obstructions to local 
movements of edible dormice.

in contrast to these results Bieber (1995a, b) recorded by mark-recapture studies that 
edible dormice crossed treeless agricultural areas in a fragmented landscape in Germany. 
she found that adult, but particularly subadult, individuals moved between several isolated 
habitats (forest, shrubs and hedges), thereby crossing a minimum distance of 46 m of 
treeless agricultural land. 

the results of a study of edible dormice in 10 isolated small woods in the east of thuringia 
(Germany) are presented here. the historical map of 1813 already characterized the study area 
as fragmented landscape with many small woodlots (thümmel 1813). these are the remnants 
of earlier, once larger, forests. they are usually located in areas that, because of the slope 
or rocky terrain, could not be used for agricultural purposes. the occurrence of the edible 
dormouse in two of these woods has been known for more than 60 years (Grosse & sykora 1967,  
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collection of natural history Museum Mauritianum altenburg). in the 1990s, edible dormice 
were recorded by nest box checks carried out in all 10 woods (Worschech et al. 2004). these 
woods were separated by agricultural areas. in the present study, conducted from 1999–2003, 
was used the mark-recapture method to investigate whether there are movements of dormice 
between the woodlots across treeless areas. the results offer further information on the 
dispersal behaviour of edible dormice. 

2. Material and methods
the study was carried out in the far east of thuringia (central Germany) in the district of 

altenburger Land. this region is sparsely wooded: the forest areas occupy only about 8 % 
of the total area of the district (hiekel et al. 2004). the study area with a mosaic of small 
woods and agricultural areas was located in the south of altenburg where the landscape is very 
intensively used for agriculture. 

the study area was subdivided into two parts: Part a consisted of eight adjacent woods, 
which were 0.6 to 4.8 ha in size and 20 to 270 m apart (tab. 1). these woods were surrounded 
by cultivated fields and meadows. two of them (no. 2 and 5) were separated from each other 
by a railway. Linear connecting structures (trees or shrubs), but not over the whole distance, 
lay between the woods no. 7 and no. 8 and between no. 2 and no. 5. Part B of the study area 
was located east of part a at a distance of approximately 1 km. it consisted of two woodlots, 
sized 1 ha (no. 10) and 21 ha (no. 1). 

the vegetation type of all the woods was natural mixture of oak (Quercus robur) and 
hornbeam (Carpinus betulus) with some lime (Tilia cordata), maple (Acer platanoides, 
Acer pseudoplatanus) and ash (Fraxinus excelsior). the understorey was composed of elder 
(Sambucus nigra), hazel (Corylus avellana), european birdcherry (Padus avium), hawthorn 
(Crataegus sp.) and blackberry (Rubus fruticosus). some of the woodlots in the study area 
were not used, but most were extensively managed for forestry. 

Field data were obtained by a mark-recapture study using nest boxes. three wooden nest 
boxes per hectare were placed irregularly in the ten woodlots. the study period lasted from 
1999 to 2003, but in 1999 only a few checks were carried out in the autumn. From 2000 to 
2003 the nest boxes were checked twice a month from May until october. no checks were 
carried out during the breeding time in august. individuals were weighed, sexed and marked 
individually by ear tattooing. Dormice were divided into the following age groups: juvenile = 
before the first hibernation (2–3 months old), subadult = survived the first hibernation (11–14 
months old) and adult = after second hibernation. 

 3. Results
a total of 1042 edible dormice (part a = 700 and part B = 342) were marked. the number of 

marked individuals was highest in the oak-mast year 2000. Juveniles were recorded in every 
year, except in wood no. 8 in 2002. altogether 20 movements of dormice between woods 
were registered, involving a total of 18 dormice (2.6 % of the marked dormice in part a). no 
dispersal movements of dormice were detected between part a and the more distant woods  
(1 km) of part B, although the railway with tall herb vegetation along it could act as a 
connecting feature. edible dormice moved exclusively between the woodlots of part a  
(Fig. 1). thereby they crossed distances of at least 150 m. Both emigration and immigration 
could be observed in the woodlots no. 2, 3, 4, 5, 6 and 9 (tab. 2). 
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to determine whether there is a correlation between population density of dormice and 
dispersal events, the woods of part a were according to the population size divided into 
‘optimal habitats’ and ‘suboptimal habitats’. Most dormice were marked and recorded on 
average per year (recorded/year means: marked individuals plus recaptured individuals, which 
have been marked in previous years) in the ‘optimal habitats’: woods no. 4, 7 and 9 (Fig. 2). 
these were also characterized by a high species and age diversity of trees, as well as a high 
proportion of oaks and many hazels in the understorey.

Fig. 1  overview of dispersal movements in the study area (A – part a; B – part B).

Tab. 1 size of woods in part a and distances from each other. 

No. of woods Size (ha) Distance to adjacent woods  
(  ) = no. of adjacent wood [see Fig. 2]

2 4,8 270 m (5), 215 m (3)

3 1,8 140 m (4), 150 m (6)

4 4,7 50 m (9), 20 m (6)

5 1,4 20 m (6)

6 3,2 see no. 3, 4, 5 

7 0,6 20 m (4), 100 m (8)

8 2,6 240 m (9)

9 2,1 see no. 4, 8 
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Lower population densities were found in the ‘suboptimal habitats’, woods no. 2, 3, 5, 6 
and 8 (Fig. 2). But the mean numbers of marked individuals/ha and recorded individuals/
ha per year did not differ significantly between optimal and suboptimal habitats (Welch-test, 
recorded individuals/ha: t = 1.83, p = 0.21; marked individuals/ha: t = 2.31, p = 0.14). 

Woodlots with higher population densities (optimal habitats) had significantly more 
emigrating and less immigrating dormice than woodlots with lower population densities 
(suboptimal habitats) (tab. 2, χ² = 41.14, p < 0.0001). a conspicuously high number of dormice 
which were marked as juveniles in the autumn 2000 (an oak-mast year) left their birth woods.

Fig. 2 Mean number of marked and recorded (marked and recaptured) individuals per year 
 (2000–2003).
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Tab. 2 comparison of number of emigration and immigration events in optimal (no. 4, 7, 9) and 
 suboptimal woodlots (no. 2, 3, 5, 6, 8).

No. of 
woods Number of emigration events Number of immigration events

4 4 2

7 2 0

9 1 2

total               7 4

relation                               1.75 : 1

2 4 7

3 3 1

5 3 2

6 3 6

8 0 0

total              13 16

relation                              0.81 : 1



Dispersal of edible dormice in a fragmented landscape 177

sixteen individuals changed their woodlot once. two animals moved twice, one of which 
went back to the woodlot which it had left two years ago. Dispersing dormice were all males. 
the age of individuals at the time of their dispersal movement could not usually be determined 
exactly because there was a long period of time between marking and recapturing. only eight 
dispersing dormice could be aged exactly: one juvenile, four subadults and three adult males. 
another six dormice moved either as juvenile or as subadult individuals.

4. Discussion
edible dormice, especially males, can travel more than 400 m per night and have home ranges 

up to 7 ha within large forests (Morris & hoodless 1992, Müller-stieß & herrmann 1997, 
schlund et al. 1997, Jurczyszyn 2006, scinski & Borowski 2008). however they are reluctant to 
cross open areas, for instance clear-cuttings, roads and ski pistes. the results of Bieber (1995b) 
and of the present investigations show that edible dormice frequently migrated between small 
woods in a fragmented landscape. on the way to other habitats they crossed meadows, fields 
and railways. in the study area in the south of altenburg dispersal events of dormice took place 
between adjacent woods annually. these results indicate that movements between small woods 
are quite normal behavior of edible dormice in a fragmented landscape. Büchner (1997, 2008) 
drew the same conclusion from his investigations of hazel dormice (Muscardinus avellanarius) 
in a habitat mosaic in saxony (Germany). this species, which has also been characterized 
by numerous authors as an arboreal specialist species (Bright & Morris 1989, Müller-stieß & 
herrmann 1997, Bright 1998, Morris 2003), crossed distances of more than 250 m over open 
areas in order to reach other woods. in contrast to Bieber (1995b) and Büchner (2008), who 
both found males as well as females among dispersing edible and hazel dormice, in the present 
study exclusively males were recorded. in agreement with these both authors, most dispersers 
were juvenile and subadult individuals. Bieber (1995b) established that juveniles dispersed 
during autumn, the time of highest population density. in the present study, the exact time 
(month or even year) of most dispersal events could not be determined, but it seems that more 
emigration took place in the autumn of 2000. this could be related to a high population density 
as a result of that oak mast year. the higher rate of emigration from woods with the highest 
number of dormice recorded per year also indicates a relationship between population density 
and dispersal behavior. in small woods dormice could be more likely induced to migrate by the 
limited availability of tree holes rather than by a shortage of food. 

in the fragmented landscape in the south of altenburg there are many small woodlands. 
the complex of woods (part a) in the present study is a permanent habitat for edible dormice 
due to the good habitat quality and the short distance between woods. a different situation is 
probably found in areas with more distant and isolated woods. in four other woods (more than 
400 m away from part a) nest boxes were checked sporadically in 2007. no dormice were 
found. But from villages (e.g. Greipzig), which lie between part a and these woods, the author 
received a report of a dead dormouse (cat’s prey; r. naumann, personal communication 
2004). this could indicate that dormice also travel from the woodland complex of Part a to 
more distant, isolated woods. of course, the chances of successful migration decrease with 
increasing distances between woods. connecting structures, which are rare in this landscape, 
could allow easier exchange of dormice between more distant woodlands.
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Nestbox derived home range and location of the hibernaculum of the 
edible dormouse

Sarah BrookS, roger TrouT & Don MacPherSon

Abstract 
eighteen adult edible dormice were radio collared in autumn 2009 at a site in the Chilterns, where the 

population of this species has been monitored using PIT tags to enable the identification of individuals 
since 1996. after occasional daytime location of animals, twelve of the individuals were subsequently 
located in early winter at their hibernation sites. The nestbox-derived home ranges of these 18 animals 
were calculated using the past dataset from this population. The lifetime nestbox-derived home ranges 
for males were significantly larger than for females, it was also found that the males in this study used 
significantly more nestboxes in comparison to females. The distance travelled from the nestbox derived 
home range to the hibernaculum was calculated. Some animals hibernated far from their nestbox derived 
home range and females were moving further than males, though this difference was not significant. 
This was compared with ranging data and location of the hibernacula from radio-tracked animals from 
1997. examination of ten hibernation cavities indicated that exit holes had been filled in. Stores of acorns 
and beech mast were found on three occasions though they may not have been collected by the edible 
dormouse. only 2 out of 13 cavities had communal hibernation, this is fewer than expected from a 
previous study of hibernating edible dormice in england.

Keywords: Glis glis, hibernation site, PIT tagging, radiotracking

1. Introduction
The edible dormouse (Glis glis) is an alien pest species in Britain and was introduced 1902. 

Currently, the only known population of this species in the uk is in the Chilterns area (Morris 
2004). This species hibernates in the uk for about seven months (Morris & Morris 2010). The 
home range of the edible dormouse during its active season is reported to vary from 0.5 ha  
to 7 ha in mainland europe (Properzi et al. 2003, Jurczyszyn 2006, Ściński & Borowski 
2008) where male home ranges are significantly larger than females and confirmed from two 
animals tracked in england by Morris & hoodless (1992). These radio-tracked home ranges 
resulted from nocturnal tracking in mainland europe whilst daytime ‘nestbox-derived’ ranges 
in england are considerably less than 1 ha (Brooks 2008).

edible dormice appear to mainly use underground chambers linked to tunnels in the forest 
floor as hibernation sites (Morris & hoodless 1992). edible dormice are sometimes a pest 
in woodland (Platt & rowe 1956) and in houses and have also been found hibernating in 
drains and under floorboards (Thompson 1953). Previous work in the uk has shown evidence 
of communal hibernation amongst edible dormice (Morris & hoodless 1992). Communal 
hibernation in other european countries, however, has not been seen very often, though 
kryštufek (2007) noted many dozens entering small limestone caves. Jurczyszyn (2007) found 
that 77 of 83 hibernation cavities of free-living dormice contained single hibernating animals. 
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as part of research towards possible population control methods in woodland, this study 
examined the nestbox-derived home range and the location of hibernation sites of a selection 
of adult animals in a 40 ha mixed woodland site in the Chilterns. The range and distance to the 
hibernation site from the centre of the range were compared between the sexes. Data from a 
previously unpublished study in 1997 were also considered.

2. Material and methods
a large historical dataset had been previously compiled from marking and recapturing 

animals at the 40ha study site in the Chilterns (Morris & Morris 2010). up to 230 nestboxes  
(c. 150 × 120 × 200 mm internally with a 55 mm entrance hole) have been located on trees 
at c. 2.5 metres above ground at 25–40 m distance in ten segments of the forest, though 
not providing a uniform forest-wide grid. animals have been PIT tagged for individual 
identification, along with the weight, sex and nest box occupation since 1996. This dataset was 
used to identify adult individuals who were suitable for radio-collaring. In autumn 1997 nine 
Glis were radiotracked at night for a period of 5 days in early and again in late august. For 
four of them the location of the winter hibernation nest was found. In august 2009, eighteen 
adult animals were radio-collared (weight 5 gm, Biotrack Ltd) and located occasionally in 
their day refuges using an aerial and radio receiver until their hibernation site underground was 
determined. a female bias in choice was made as it was anticipated that females might show 
their naïve young where to hibernate. resources were not available for nocturnal tracking. 
Where the hibernation site was indicated by the radio signal, it was carefully excavated by 
hand in December 2009 and the cavity and animals examined where possible for evidence of 
communal hibernation, cavity exit holes and food stores. The lifetime nestbox derived home 
range of each animal was calculated from the historical dataset by recording all boxes used by it 
up until radio collaring, then incorporating a buffer zone around each home range representing 
half the distance to the next (unused) nestbox recorded as a minimum convex polygon (MCP). 
The distance from the centre of the nestbox derived lifetime home range to the hibernaculum 
was measured. Two sample t-tests were used to compare the male and female home range area, 
number of nest boxes used and the minimum distance travelled to hibernaculum.

3. Results
The 18 animals chosen varied from a known minimum age of 3–7 years. Few different 

nestboxes were recorded as being used during their lifetime (range 1–7) and they were usually, 
but not always, adjacent. a previous regression analysis (Brooks 2008) of 21 Glis known to 
be 3–8 years old indicated that there was no significant increase of nestbox derived home 
range with age for adult edible dormice (t = 0.429, p = 0.673). Males in the current study 
used significantly more nestboxes throughout their lives in comparison to females (t = -3.12, 
p = 0.019). The lifetime nestbox-derived home range of the six males (see Fig. 1) was 
significantly larger than the 12 females (0.4 ha vs < 0.1 ha, t = -2.35, p = 0.048). 

For the 1997 radio-tracking study the 10 day nocturnal home range (minimum convex 
polygon) of seven females varied from 0.71–1.21 ha and for two males 1.1 and 2.4 ha. Three 
females and one male were later located during hibernation. In three cases the location 
was just within or at the edge of the traced range but one female hibernated approximately  
80 metres outside the tracked range, a distance away similar to the diameter of its radio-
tracking revealed home range.
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The hibernation site of 8 females and 4 males collared in 2009 were successfully located. 
The distance travelled from the recorded range to the hibernation site was generally larger in 
females than males, although this difference was not quite significant for this small sample 
(t = 2.09, p = 0.06), see Figure 2. one female moved 460 m and another 450 m to hibernate, 
whilst the shortest distance was only 15 m.

Ten of the 12 hibernacula located by the radios were successfully excavated; one was in a badger 
set and another too deep to reach. Most were c. 40 cm below the soil surface (range 35–90 cm).  
Several additional cavities and animals that had not been radio collared were found during 
digging. In total, we excavated and examined 13 cavities, handled 10 collared animals, 4 un-
collared (2 previously chipped) animals and one unchipped dead individual. other observations 
made during this study included evidence of food stores, exit holes and communal hibernation. 
all cavities had their entrance holes filled with either earth, small stones or in one case, acorns. 
Food stores were found in three cavities, comprising beech mast and acorns. out of the 14 
live animals found hibernating during this study, 4 were hibernating communally. Two of the  
13 cavities had more than one animal hibernating, including an unknown adult and juvenile 
female. The other case was a collared individual found c. 10 cm away from a cavity containing 
two previously microchipped dormice. Both cavities were part of a rotten tree stump and it is 
likely that the same entrance hole was used to gain access to both. 

all 18 radio collared glis in this study have since been found in nestboxes following 
hibernation. even where collars failed early or the hibernation sites were not located individuals 
were subsequently seen in nestboxes in 2010 (when beech flowering was poor) or else in 2011. 
This demonstrates that radio collaring and carefully excavating and repairing the hibernacula 
were not detrimental to the animal’s survival.

Fig. 1 Box and whisker plot (representing median, upper and lower quartiles, smallest and largest 
 observation and outlier o) showing the difference in nestbox revealed home range between  
 male and female edible dormice that were radio-collared in 2009.
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4. Discussion
The studies of 1997 and 2009 involved only small sample sizes and lacked extensive 

radiotracking data. The males in both studies had a larger home range than the females, 
significantly so in the 2009 group. This fits with other studies ( Jurczyszyn & Zgrabczyńska 
2007, Ściński & Borowski 2008). Morris & hoodless (1992) reported from a different wood a 
single male range of 2.4 ha and one female of 0.3 ha. In our study area males used significantly 
more nestboxes during their life in comparison to females, this could be expected given the 
larger home range area of males. however, despite very small sample sizes the larger distance 
travelled by 8 females from their nestbox range to their hibernation site was close to being 
significantly larger than for 4 males, with most hibernating far outside their nestbox range 
polygon. one of two females radio-tracked in the 1997 study also had its hibernation site one 
whole home range diameter distance beyond the radio-tracked home range. This contrasts 
with the study of two animals by Morris & hoodless (1992) where both hibernated only  
5 metres from the outbuilding where they were first captured, although one of the 2009 males 
hibernated only 5 m from its centre of range. It is obvious that the nestbox derived range would 
likely be much smaller than the radiotracked data provided but we had no resource for night 
radiotracking and it would be beneficial to increase the number of active Glis tracked. This 
is not the first study to show longer distances travelled by females (Jurczyszyn 2006) though 
his circumstances were different. The dispersal distance travelled by newly translocated 
females was significantly larger than by males and the home range of newly translocated 
females was significantly larger than the home range in their original site. our animals were 
not translocated, nor dispersers, in that 100 % subsequently returned to their regular nestboxes. 

Fig. 2  Box and whisker plot (representing median, upper and lower quartiles, smallest and 
 largest observation) showing the distance travelled from the centre of the nestbox derived range  
 during its recorded lifetime to its hibernation site for male and female radio-collared  
 edible dormice. 
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More data are required to confirm statistically whether females travelled further to the 
hibernation site relative to the normal range area than males in all years and whether they 
return each year to the same hibernaculum. Breeding females may need to travel further to 
get more food to supply the extra energy expenditure required for breeding and lactation 
(gittleman & Thompson 1988) so males may become fat enough to hibernate earlier than 
females (in breeding years). If they claim (and seal up) all the best hibernation sites, that 
may force females to travel further to find an adequate hibernaculum. It is very likely that 
the used nestboxes do not accurately describe the home range and that radiotracking to 
determine the extent of ranging should be undertaken as well as locating the hibernacula. 

Whilst there was some evidence of communal hibernation in this study, this was not 
to the same level as previously found in the uk. Morris & hoodless (1992) found two 
radiotracked dormice each hibernated with others (2 more animals in the same hibernaculum 
or nearby), whilst 2/13 animals in our study did so. our result is more comparable to the 
results by Jurczyszyn (2007) who showed 6 out of 83 wild Glis hibernated communally. 
We found that a single dormouse in a cavity may be extremely close to other cavities with 
several hibernating dormice using the same surface entrance hole. This network of cavities 
around old tree stumps may represent a form of communal hibernation but it is possible that 
cases were missed during our excavations due to our precise digging down to where the 
radio collar was located c. 40 cm below the soil surface. There are no caves on our site as 
described in Slovenia (Polak 1997, kryštufek 2007).

on three occasions, food stores (acorns or beech seeds) comprising over 100 seeds were 
found in or near the hibernation cavity. In one instance, acorns had also been used to fill in 
the entrance tunnel of the hibernation cavity with a dormouse inside. It is entirely possible 
the Glis made the food stores. however, other rodents, such as wood mice, have been shown 
to make food stores (Vander Wall 1990) and it is possible that the food stores found in this 
study were gathered by another animal and the burrow subsequently taken over by glis. as 
with some of the radiocollared Glis in this study, Morris & Morris (2010) showed that some 
previously marked individuals are not found in nestboxes at all during non-breeding year 
but then ‘re-appear’ in a subsequent breeding year. Theories to explain this could include 
the continued hibernation (or summer torpor as shown by Bieber & ruf (2009) for well fed 
caged animals) of animals during these non-breeding years when it is wasteful to waken 
and expend energy when there is almost no food. an underground burrow in soil is buffered 
from extreme temperature and moisture changes and may also reduce predation (reichman 
& Smith 1990) and thus storage of food would be an obvious extra adaption to facilitate 
continued underground ‘hibernation’ during non-breeding years. alternatively, they may 
come above ground but not visit any boxes or move away entirely from study woodland and 
find alternative food and shelter elsewhere before returning. Long term radio collar studies 
could clarify the alternative options.
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Abstract 
Glis glis is known to use nest boxes to sleep during the day as well as for raising offspring. Whereas 

edible dormice prefer sleeping alone, many individuals of the observed population shared their nest sites 
with one or more other individuals at least once during the active season, i.e. from spring to autumn. in 
a sample area 65 km northeast of frankfurt, Germany, all edible dormice captured were marked with 
passive transponders and daily nest box checks were carried out since 2002. in the present study we 
compare a year when dormice nearly skipped reproduction (2003) with a year when a high reproduction 
rate could be reported (2004). our results reveal that edible dormice do have preferences with whom they 
share their nest during day sleep. these preferences are dependent not only on age and sex but also on the 
activity period and differ between reproductive and non-reproductive years.

Keywords: individual marking, communal nesting, pair combinations, reproductive year

1. Introduction
the edible dormouse Glis glis is known to use nest boxes to sleep during the day as well 

as for raising offspring. While checking nest boxes, they are often found in pairs or – more 
rarely – in larger groups of up to 13 individuals, a fact which has already been described e.g. 
by Vietinghoff-Riesch (1960), Koenig (1960) and pilastro (1992). edible dormice reproduce 
preferably in years with high food availablity and may skip reproduction in years when tree 
seeds, a major food resource, are absent (Bieber 1998, Ruf et al. 2006, lebl. et al. 2011). 
Whereas mostly adult dormice reproduce, even subadults have been observed to be already 
sexually mature (Bieber 1998). While hönel (1991) describes sleeping groups being formed 
by accident, fietz et al. (2010) assume physiological reasons for especially sexual active adult 
males huddling together, using social thermoregulation to save energy. Ściński & Borowski 
(2008) as well observed male adult dormice sharing nest boxes and assume territorial factors 
for sharing nests. they could prove that the home range size of adult male dormice depends on 
sexual activity: in years when reproduction takes place, home ranges are larger but core areas 
would overlap more, which leads to an increased sharing of nests. pilastro (1992) discussed the 
possibilities, that communal nesting could be a strategy to improve protection from predators 
or an unintended adjustment to a limited number of breeding holes, but assumed – especially 
for female dormice – social factors like kin selection for communal nesting. in fact, he found 
in his study area several closely related females sharing nest boxes (pilastro et al. 1996). the 
present study focuses on the variability of age and sex in sleeping groups and tries to give an 
answer to the questions if these sleeping groups come together by coincidence and – if not – if 
these compositions change in relation to whether dormice engage in reproduction or not.
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2. Material and methods
the data used for this study were obtained from a mark and recapture project monitoring the 

population biology of the edible dormouse near the town of Steinau an der Straße (50°20’ n,  
9°30’ o), 65 km north-east of frankfurt am main, Germany. the sample area comprises  
94 nest boxes installed on a 25 × 25 m grid of 5.6 ha. the study area contains mixed deciduous 
woodland of approx. 120 years old with oak Quercus robur, common beech Fagus sylvatica as 
well as hornbeam Carpinus betulus and a well developed shrub layer. from 2002 to 2008 once 
a week all dormice found in nest boxes were captured and marked with passive transponders 
and monitored from april to late autumn by carrying out daily checks using a scanner to 
minimize disturbance. for the present study we chose data from 2003, a year with low or 
nearly no reproduction, and 2004 which had a high reproduction rate. 

We distinguished between juveniles that were born in the respective year, subadults that 
had overwintered only once and adults that had overwintered at least twice. adults and 
subadults were differentiated by their body size and the colour of their fur according to 
Schlund (1997). for this study we only considered juveniles already independent from 
their mother i.e. when they have been at least found once without the adult female that we 
considered to be their mother. to answer the question if there are preferences or rejections of 
certain combinations of sex and age, we analyzed all theoretically possible pair combinations 
we could find in the detected sleeping groups.

the numbers of pair combinations of different age and sex classes in both years were compared 
applying the Chi2-test. due to the fact that we did not consider single individuals but various 
combinations of animals of the same population, results of these statistics could be biased. 

3. Results
dormice were found sleeping alone more often than in pairs or groups (2003: Chi² = 

1749.915, df = 1, p < 0.001; 2004: Chi² = 3179.731, df = 1, p < 0.001). Checking nest boxes 
in 2003 we found dormice sleeping alone in 2497 cases whereas in 289 cases we found a 
pair or a group of animals. in 2004 we recorded animals sleeping alone 3747 times and in 
203 cases a pair or a group huddling together (figs 1a, B)

the graphs show the number of individuals using nest boxes communally or alone for 
every day during the activity seasons of 2003 and 2004. in 2003, when nearly no reproduction 
was observed, the dormice shared nest boxes throughout the complete active season. in 
2004 nest sharing dormice were found from their emergence from hibernation until the end 
of July – presumably the mating season – and again before hibernation in September and 
october. only sporadically we found Glis glis sharing a nest box between the end of July 
and the middle of September, regardless of being involved in raising offspring or not.

in 2003 we found a total of 141, in 2004 183 individuals of edible dormice. in the 
reproductive year 2004 the majority of individuals would sleep in pairs or groups at least 
once during their activity period (Chi² = 12.071, df = 1, p = 0.001), whereas in 2003 
no significant difference could be observed (Chi² = 3.128, df = 1, p = 0.077). in 2003  
81 animals were found 637 times nesting together while in 2004 115 animals were found 
only 434 times in shared nests. table 1 shows that in 2003 50 % and in 2004 57 % of all 
adult females recorded in our study area were found at least once in shared nests. in 2003, 
45.7 % of all adult males shared nests while in the reproductive year 2004 only 29.5 % of 
them could be detected in a sleeping group. 
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Tab. 1 edible dormice sharing nest-sites in 2003 and 2004. a = total number of animals. B = 
 number of animals sharing their nest at least once. C = number of records of animals in  
 pairs or groups.

2003 2004
A B % C A B % C

♂ adult 35 16 45.71 109 44 13 29.55 47
♀ adult 32 16 50.00 68 46 26 56.52 135
♂ subadult 27 17 62.96 160 3 2 66.67 19
♀ subadult 31 21 67.74 250 2 1 50 5
♂ juvenile 11 8 72.73 31 51 43 84.31 145
♀ juvenile 5 3 60 19 37 30 81.08 90
results 141 81 57.54 637 183 115 62.84 434

Fig. 1 numbers of individuals sleeping alone in a nest box as well as those sharing nests with 
 other dormice during the activity period in 2003 (a non-reproductive year) and 2004 (a  
 reproductive year) based on daily nest box checks.



Bettina Koppmann-Rumpf et al.192

figures 2a and 2B demonstrate that the decision to sleep in groups or alone is dependent 
on whether the dormice go into reproduction or not and on the course of the active season. in 
2003 the first dormouse of the season was reported in the middle of June. on the 15th of June 
the first adult male and on the 10th of July the first adult female emerged from hibernation. 
in the reproductive year 2004 the activity season started slightly earlier. the first adult male 
was recorded on the 5th of June and the first adult female on the 27th of June. the low number 
of sleeping groups in June can be explained by the low presence of active dormice. in both 
years sleeping groups were dominated by either subadult or juvenile dormice. While in 2003, 
between June and September, mainly subadult dormice shared their nest sites there were 
increasing numbers of juveniles forming groups to sleep together after separation from their 
mother from august to october in the reproductive year 2004. in both years, and especially 
in 2004, we found adult dormice sharing their nests particularly in July whereas in august, 
when population density is at its highest (see figs 1a and 1B), the number of recorded nest 
sharing by adult dormice declined. in spite of this, in 2003 subadult dormice were recorded to 
be involved in sleeping groups particularly in august.

Fig. 2 Records of dormice (Glis glis) of different ages and sexes sharing nest sites during the 
 active season in a non-reproductive year (2003) and a reproductive year (2004).



nest box sharing by edible dormouse 193

figures 3a and 3B show various combinations of age and sex found during the active 
season from the beginning of June to october in the years 2003 and 2004. in 2004, only very 
few of the combinations found in 2003 could be detected due to the low numbers of subadult 
dormice. at the beginning of the active seasons in both years only male edible dormice were 
found sharing nest boxes due to the later emergence from hibernation of females. in both years 
adult males were found together with other adult males only until the middle of July (except 
one record in august 2003). While in 2003 male dormice accepted subadult males as sleeping 
partners throughout the whole active season, they could not be found together after the middle 
of July – presumably after the mating period – in the reproductive year 2004. in 2003 adult 
females are only sporadically found with other adult animals but in 2004 in July and from the 
middle of September – presumably after the dispersal of the offspring – adult females were 
found together in sleeping communities. during short periods in July and in September we 
found adult females sharing their nest box with adult males. from mid-September in both 
years, there were several groups consisting only of juveniles where we disregarded sex. 

table 2 shows how often the various combinations of sex and age could be detected in 
2003 and 2004. in the year where nearly no litters were born, we recorded a great variety of 
combinations, especially with subadult dormice (329 findings), throughout the active season. 
particularly combinations of subadult males with subadult females but as well combinations 
of two or more subadult males together or subadult females together could be detected. in 
the non-reproductive year 2003 adult dormice were mainly found in various combinations 
with subadult dormice, especially with subadult females. Subadult females were significantly 
more often found with adult females (Chi² = 33.618, df = 1, p < 0.001) and adult males  

Fig. 3 Various combinations of age and sex in sleeping groups during acitivity period in non-
 reproductive (2003) and a reproductive (2004) year based on daily nest box checks.
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(Chi² = 8.010, df = 1, p = 0.005) than we could find subadult males with adult animals. in only  
11 cases we could find adult animals together sharing nest sites. While adult males could be 
found 10 times together with other adult males, combinations of adult females could be detected 
7 times. only sporadically we found adult females sharing a nest box with adult males.

in the reproductive year 2004 we detected more combinations among adult dormice than 
in 2003 (Chi² = 33.242, df = 1, p < 0.001), especially adult females were found very often 
in sleeping groups. in 2004 adult females were more often found together with other adult 
females (Chi² = 27.769, df = 1, p < 0.001) and with adult males (Chi² = 17.190; df = 1; p 
< 0.001) than in 2003. there were no significant differences between 2003 and 2004 in the 
number of records of adult males huddling together (Chi² = 0.222, df = 1, p = 0.637). adult 
females are found more often huddling together than adult males (Chi² = 25.830, df = 1,  
p < 0.001). due to the low reproduction rate in 2003 only few combinations with subadult 
dormice were found in 2004. While adult females could be detected sharing nests with 
subadult males only sporadically, adult males were found 17 times sleeping in one nest box 
with subadult males. there were nearly no combinations with subadult females found in 2004. 
We could not detect any nest sharing between adult and subadult females and only one single 
record of an adult male sleeping in a nest box with a subadult female. after separation from the 
juvenile dormice, adult females were more frequently found together with juvenile females 
than with juvenile males (Chi² = 4.455, df = 1, p = 0.035).

Tab. 2 Various combinations of nest sharing dormice found in 2003 and 2004. a: number of 
 records. B: percentage of all combinations detected in the actual year.

Combination
2003 2004

A B A B
♀♀ adult 7 1.9 45 18.91
♂♂ adult 10 2.71 8 3.36
♀♂ adult 1 0.27 20 8.4
♀♀ adult subadult 49 13.28 0 0
♂♂ adult subadult 38 10.3 17 7.14
♀♂ adult subadult 6 1.63 1 0.42
♂♀ adult subadult 67 18.16 1 0.42
♀♀ adult juvenile 1 0.27 29 12.18
♀♂ adult juvenile 4 1.08 15 6.3
♂♂ adult juvenile 0 0 10 4.2
♂♀ adult juvenile 0 0 5 2.1
♀♀ subadult 51 13.82 0 0
♀♂ subadult 80 21.68 0 0
♂♂ subadult 31 8.4 0 0
♀♀ subadult juvenile 1 0.27 0 0
♂♂ subadult juvenile 1 0.27 0 0
♀♂ subadult juvenile 5 1.36 0 0
♂♀ subadult juvenile 0 0 0 0
♀♀ juvenile 0 0 16 6.72
♂♂ juvenile 2 0.54 47 19.75
♀♂ juvenile 15 4.07 24 10.08
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4. Discussion
looking at 2003 and 2004 we found enormous differences between the two years. first, 

the period in which nest sharing takes places differs between these two years. in 2003 
– which was a low reproductive year – nest sharing occurred throughout the whole activity 
period, while in 2004 nests were only shared before and after the breeding period. Ruch 
(2009) assumed a generally low willingness to share nests in reproductive years due to 
territorial behaviour. for adult male dormice we could confirm this. While in 2003 45.7 % of 
all male adults were found at least once sleeping in pairs or groups, in 2004 only 29.6 % of 
all adult males shared their nest sites. in spite of this, the percentage of all dormice present, 
especially adult females, sharing their nests at least once would not decline but slightly 
increase from 57.5 % in 2003 to 62.4 % in the reproductive year 2004. fewer records of 
huddling dormice in 2004 could be explained by the absence of subadults due to the low 
reproduction rate in 2003. the differences in the nest sharing rates can be explained by the 
varying time pattern of nest box sharing in both years. 

Sleeping groups of dormice seem to be more stable and last longer in non-reproductive 
years such as 2003. fietz et al. (2010) assumed that there are energetic reasons for male 
edible dormice to share nests in reproductive years due to the high energy costs caused 
by a high testosterone level during the mating season. although our data do not show 
any increased occurrence of adult males sharing nest sites in reproductive years, forming 
sleeping groups as a strategy to save energy would explain the high affinity of juveniles 
and subadults to huddle together. Small dormice might form groups to save energy because 
of their higher surface area to volume ratio and therefore a higher proportional heat loss 
across their body (heldmaier & neuweiler 2004). adult females especially should have a 
severe loss of energy caused by gestation and lactation. in fact, they do significantly more 
often share nests with other females in reproductive years, especially during the mating 
season and after the breeding period when they are in a physiologically poor condition. 
the absence of any sleeping groups from the end of July to the middle of September could, 
for adult females, be due to raising their offspring which prevents them from using social 
thermoregulatory mechanisms during the time when energy loss is at its highest. due to the 
fact that reproduction in Glis glis only takes place in years with high food availability (e.g. 
Bieber 1998, Ruf et al. 2006, lebl et al. 2011) the energy level for all other dormice might 
be high enough to avoid the need for nest sharing during the hot summer months. fietz et al.  
(2010) proved a negative correlation between surrounding temperatures and the numbers of 
huddling dormice. Besides the saving of energy, sleeping in groups might be a hint at the 
presence of a social system within a dormouse population. We found fewer male dormice 
sharing nests in the reproductive year in general, but the number of findings with adult 
females in July increased significantly, which we suggest to be part of the mating system. 
Social aspects, possibly even kin selection, could as well be responsible for the high number 
of adult females sleeping together and the fact that juvenile females stay significantly more 
often with adult female dormice. pilastro et al. (1996) found in their study area several 
females nesting and even nursing communally and proved them to be close relatives 
particularly mother-and-daughter-pairs. these significant preferences in sleeping partners 
in both years indicate that sleeping groups do not come together by coincidence but, rather, 
are underlain by several physiological, hormonal and social aspects that differ within the 
activity period and years with and without reproduction. 
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Dispersal since re-introduction and movements of individual animals 
between nest boxes by Muscardinus avellanarius – A preliminary study

Sue TaTman, mark ambroSe, Sarah bird & ScoTT WilSon

Abstract 
This study, based on data collected by the northwest dormouse Partnership, relates to a reintroduced 

population of the hazel dormouse (Muscardinus avellanarius) in cheshire, north-west england. colo-
nisation of the whole site since the reintroduction is illustrated and shows a preference for some areas 
over others. This was explored by analysing frequency of nest box use in relation to woodland structure 
and botanical species composition. high nest box use is associated with high shrub layer density, greater 
abundance of poplar (Populus sp.) and ash (Fraxinus excelsior), and lower abundance of holly (Ilex 
aquifolium) and sycamore (Acer pseudoplatanus). average distances between nest box captures were 
46.2 m (males), 48.9 m (females) and 52.0 m (juveniles). The population has increased over 15 years but 
declined recently.

Keywords: north West dormouse Partnership, colonisation, dispersal 

1. Introduction
as an attempt to restore dormice to the county, groups of captive bred animals were 

released into a patch of ancient semi-natural woodland in south-west cheshire. Twenty-nine 
animals (10 males and 19 females) were released in June 1996, and a further 24 animals 
(11 males and 13 females) in June 1997. This release was part of a nation re-introduction 
programme for the hazel dormouse (mitchell-Jones & White 2009) and was the third such 
project to be carried out in england. 

Since the first release the dormouse population in the Wych Valley has been monitored using 
nest boxes, initially by cheshire Wildlife Trust and a team of dedicated volunteers. in 2005 
several local groups with an interest in dormice formed the north West dormouse Partnership 
to widen the scope of the regular monitoring. in particular, all dormice are now routinely 
micro-chipped, allowing the recognition of individual animals. micro-chipping is done in the 
field, by qualified veterinary staff from chester Zoo, using portable anaesthesia equipment.

much research on dormouse ecology has been published in the last two decades, but there 
is almost none on reintroduced populations. reintroduction is a key part of the conservation 
strategy for the dormouse in england (mitchell-Jones & White 2009) and it is important to 
understand how reintroduced animals disperse and colonise new sites. This presentation forms 
part of a wider analysis of data accumulated over the 15 years, since the initial reintroduction 
to cheshire.
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2. Material and methods
The Wych Valley is in cheshire, north West england (52o 59’ 46” north 2o 46’ 18” West, 

ordnance Survey grid reference SJ483446). The re-introduction site is ancient semi-natural 
woodland, approximately 29 ha in area, surrounded by improved grassland which limits 
connectivity to other wooded areas nearby. Purpose-built nest boxes were put up to aid 
monitoring of the re-introduced population (Fig. 1).

The population is monitored by checking the nest boxes four times each year. autumn counts 
generally include many juveniles, so numbers of dormice found at the Spring monitoring 
counts are best used to show long-term population trends. 

The position of nest-boxes was plotted using mapinfo GiS software and measurements 
were taken to determine the minimum distance between captures of individual micro-chipped 
animals.  if an animal was recorded in a box as a juvenile on one visit, then as an adult on a 
subsequent visit, the movement between the first and the second boxes was classified as the 
movement of a juvenile. all subsequent movements were classified as adult. colonisation of 
the site post-release was examined by plotting the use of nest-boxes year on year using GiS. in 
July 2011 environmental factors were recorded around each nest-box in the wood, including 
the nearest five tree and shrubs and the density of the shrub layer. 

3. Results
The numbers of dormice found at the may count from 1997 onwards suggests a general 

increase over time, although there are large fluctuations between years, and a decline in 
numbers in the last two years (Fig. 2).

Fig. 1  The Wych Valley re-introduction site, showing the location of all nest-boxes.
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We detected a progressive colonisation of the wood in the years post-release, in terms of the 
boxes found to have dormice present (Fig. 3). The particular years selected are those that best 
illustrate the pattern of colonisation. it is apparent that one area, circled on the 2010 map (see 
Fig. 3), has not been used to the same extent as the rest of the site, although animals must have 
moved through here to reach the western end of the wood.

Sanderson (2004) found that reintroduced dormouse populations in england could spread 
at up to 250 m per year, although 100 m per year was more typical. in the Wych valley the 
furthest points from the release site reached by dormice are approximately 500 m north (after 
1 year) and 750 m west (after 10 years), but the average rate of spread is slightly less than that 
found by Sanderson. 

data on environmental factors recorded around each nest-box was used to divide the site 
into compartments depending upon the dominant vegetation groups (see Fig. 4). 

mann Whitney u tests were used to identify any significant differences between 
environmental conditions in the area avoided by dormice (area 1) and the remainder of the site 
(area 2). The only significant differences found were in the density of the shrub layer between 
areas (p = 0.01), with a lower density in area 1. There was also a significant difference in 
the frequency of four shrub and tree species between areas, with holly (Ilex aquifolium) and 
sycamore (Acer pseudoplatanus) being more abundant in area 1, while Poplar (Populus sp.) 
and ash (Fraxinus excelsior) were more abundant in area 2. The low shrub density in area 1 
may partly explain the absence of dormice there, as the lack of understorey may make it less 
easy for dormice to move around. another possible explanation is that dormice are present, 
but using natural nest sites instead of the nest boxes, perhaps because they were nesting closer 
to food sources in the canopy. 

For the 71 tagged dormice for which distances travelled could be calculated, 16 were only 
ever recorded in a single nest box and are excluded from Table 1.

There were no significant differences in distances travelled between these demographic 
groups (kruskall Wallis test: n = 71 df = 2, p = 0.456) and our results thus differ from other 
studies. Juškaitis (2008) found males travelled significantly greater distances between 
nest boxes than females. using radio tracking, bright & morris (1991) also found greater 
movements by male dormice. in the present study, distances travelled by juveniles were 

Fig. 2  number of dormice found at may surveys 1997–2010.
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Fig. 3  nest boxes used by dormice in 1996, 1997, 2000, 2001, 2007 and 2010. The dormice 
 gradually colonised most of the wood, occupying the northern area first, then moving west.  
 The south section, circled on the 2010 map, appears not to be favoured by dormice.
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slightly greater than adults, but this was not statistically significant. by contrast, Juškaitis 
(1997) found greater distances travelled by juveniles, and concluded that dispersal occurs in 
the juvenile phase. linear distances measured between nest boxes will underestimate how far 
dormice can travel as they may move beyond the area sampled by them. They also live in a 
three-dimensional habit.

4. Conclusions 
The re-introduction has been generally successful, with dormice colonising all the woodland  

available except the area highlighted here, even though it appears to be suitable in terms 
of botanical diversity. This raises a number of questions about the distribution of dormice 
in and around the re-introduction site. dormouse numbers increased for the first 10 years, 
although there has been a recent fall in numbers, but we know from micro-chipping studies 
(not reported here) that some animals use nest boxes only infrequently, so actual numbers may 
be under-estimated. We hope to explore this by searching for dormouse nests away from nest 
boxes and by attempting some live-trapping.

a full report of the dormouse re-introduction in cheshire will be available from cheshire 
Wildlife Trust in  2012, titled ‘The Wilder Wych research Project’.

Fig. 4  The south section of the wood, showing the vegetation types recorded and the area with very 
 few dormouse records (area 1). 

Tab. 1  distances between nest box captures.

Average distance between 
captures (metres)

Maximum distance between 
captures (metres)

Adult males (n = 28) 46.2 (S.d. = 55.4) 213

Adult females (n = 27) 48.9 (S.d.=56.5) 255

Juveniles (n = 16) 52.0 (S.d. = 99.5) 376
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The reactions of the common dormouse (Muscardinus avellanarius) 
and the yellow-necked mouse (Apodemus flavicollis) to the odour of 
nest

Hanna Zaytseva-anciferova & WojciecH noWakoWski

Abstract
arboreal rodents can identify details of intraspecific and interspecific odours of nests and react 

accordingly to them. the common dormouse is a relatively weak dormouse species and more often 
shows the reaction of avoidance when confronted with a nest of the yellow-necked mouse. the yellow-
necked mouse, as a strong competitor in relation to dormice, more often shows the reaction of attraction 
or neutral response to the odour of dormouse nests. Meanwhile, the intraspecific reaction of the common 
dormouse was neutral, but for the yellow-necked mouse was avoidance. 

Keywords: arboreal rodents, intraspecific test, interspecific test, attraction, avoidance

1. Instruction
forest rodents spend much time in different hollows and holes that make it difficult to get 

visual information about the environment. odour signals are their main source of environmental 
information (rozenfeld & Le Boulenge 1987, andrzejewski et al. 1997). rodents use scent 
to find food, to orientate and to avoid predators. they also mark territory using urine and 
excrement to provide an ‘odour map’ and for protection of their individual area (sokolov et al. 
1979, Łopucki & szymroszczyk 2003). such odour marks can be found on branches, stubs, 
stones and on the ground. 

odour signals play an important role in intraspecific identification of familiar and unfamiliar 
individuals and their social status in a population. odour is important in a rodent’s behaviour to 
find partners in the reproductive period and they are able to identify sex, age and physiological 
state of different individuals (Łopucki & szymroszczyk 2003, sun et al. 2007). 

also odour signals are significant in the regulation of interspecific relationships in the 
forest community of small rodents. such signals help to avoid unwanted direct contacts and 
to increase tolerance during actual meetings (sokolov et al. 1979, Łopucki & szymroszczyk 
2003, Mrόz 2007). the tendency to avoid interspecific contacts is one of the evolutionary 
mechanisms for population isolation (sun et al. 2007). 

investigations of reactions to the odour of rodents have been carried out mostly in 
laboratory conditions using direct contact of individuals. olfactory identification between 
individual rodents has been shown and suggests that they use it in natural conditions (Łopucki 
& szymroszczyk 2003). the role of olfactory signals for rodents in the wild has not been 
investigated until now (andrzejewski et al. 1997). 
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the arboreal rodents common dormouse (Muscardinus avellanarius) and yellow-necked 
mouse (Apodemus flavicollis) were the subjects of our study. they live in the same ecosystems 
of deciduous and mixed forests. Both inhabit artificial nests and there is a high level of 
interaction between these species in the wild. they use mainly odour and audio communication, 
especially in the breeding period. 

the aim of our study was to investigate the reactions of the common dormouse and the 
yellow-necked mouse to odour signals of each other and other rodents in semi-natural 
conditions. the first task was to determine the presence and type of the common dormouse 
and the yellow-necked mouse reactions to intraspecific odour of nest. the second task was to 
determine the presence and type of interspecific reactions to odour of nest belonging to other 
selected rodents. 

2. Material and methods
the investigations were carried out in the Podole region (Ukraine) and jura region (Poland) 

during 2007–2008. oak (Quercus robur), hornbeam (Carpinus betulus), spruce (Picea abies) 
and pine (Pinus sylvestris) were the main tree species in the Ukrainian study areas. Beech 
(Fagus sylvatica), pine and spruce were the main tree species in the study areas in Poland. 

simple nest-boxes and nest-tubes made by W. nowakowski were used in the investigations 
(Zaytseva & nowakowski 2009). in the Podole region, 100 nest-tubes and 105 nest-boxes 
were positioned in trees. in the jura region 175 nest-tubes and 62 nest-boxes were used. they 
were monitored monthly from april to october.

nest-boxes and nest-tubes were used to capture animals for testing and for odour samples of 
nesting material. We used odour of nest of native species such as the common dormouse, the fat 
dormouse (Glis glis), and the yellow-necked mouse. also we used the nest odour of the african 
species woodland dormouse (Graphiurus murinus) kept in captivity. sex of the animals built a 
nest has not been determined. only adult individuals of both sexes were used in testing and one 
animal was tested once in Poland and twice in Ukraine (to different nest odours). 

in our investigation the olfactory tester constructed by W. nowakowski was used (fig. 1, 
fig. 2). the odour of nest sample of nesting material was in one chamber, another chamber 
was empty and the animal had a choice between the two. the empty chamber was chosen 
randomly and the chamber with the nest material was washed out between tests. a positive test 
was recorded when the experimental animal chose to approach the box with odour of nest. the 
type of reaction was defined by the percentage of positive tests in which the animal reacted 
by attraction to the test sample. all results from Ukraine and Poland are combined. in total 
916 tests were made, 766 with the common dormouse (240 intraspecific tests, 172 with the fat 
dormouse, 261 with the yellow-necked mouse and 93 with the woodland dormouse) and 150 
with the yellow-necked mouse (37 intraspecific tests, 29 with the fat dormouse, 66 with the 
common dormouse and 18 with the woodland dormouse).

3. Results and Discussion
intraspecific reactions of the common dormouse to odour of nest were neutral or equivalent 

(46 % of tests were positive, χ2 = 0.83, р = 0.3609). this is probably because in their natural 
habitat the common dormouse constantly meets odours of other individuals of their species 
and the test samples may be familiar (owadowska 1999).  the spatial and ethological structure 
of dormouse populations also plays an important role. the common dormice are territorial 
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rodents, but overlapping home ranges are quite common. in addition, young individuals live 
in areas used by adults and sometimes they form a temporary ethological group (airapetjanc 
1983, juškaitis 2008). a relatively high tolerance to odour of nest may be due to all these 
reasons.

interspecific reactions of the common dormouse to odour of nest were diverse and species-
specific. the reaction to the odour of nest of the fat dormouse was statistically significant 
avoidance (only 37 % of tests were positive, χ2 = 5.72, р = 0.0168). in the forest ecosystems 
in Ukraine and Poland these two species frequently share the same tree space, have the same 
daily activity pattern and use the same food sources so that their ecological niches are partly 
overlapped. their spatial competition shows in colonization or destruction of the common 
dormouse nests by the fat dormouse during the spring-summer period (Lozan et al. 1990). the 
fat dormouse is a bigger, aggressive and dominant rodent that has strongly negative impacts on 
individuals of the common dormouse and even can kill those (juškaitis 2008). 

Fig. 1 the olfactory tester constructed by W. nowakowski (photo H. Zaytseva-anciferova).

Fig. 2  Diagram of the olfactory tester constructed by W. nowakowski.
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the reaction to odour of nest belonging to the woodland dormouse was neutral (53 % of 
tests were positive, χ2 = 0.13, р = 0.7145). this african species was unknown to the common 
dormouse, and test animals were disoriented and reacted differently. odour of nest of the 
woodland dormouse was recognized as odour of ‘familiar family’, but ‘unknown relative’, 
because it is considered that all species within the whole family have the odour core in 
common (Mrόz 2007). 

the reaction of the common dormouse to odour of nest of the yellow-necked mouse was 
avoidance (only 35 % of tests were positive, χ2 = 11.59, р = 0.0007), representing a strong and 
statistically significant aversion. the yellow-necked mouse is an aggressive and dominant 
species of rodent, so the common dormouse prefers to avoid it. a similar negative reaction was 
also observed in other interspecific relations between the yellow-necked mouse and smaller 
and weaker species, such as voles (andrzejewski & olszewski 1963, sokolov et al. 1979, 
Łopucki & szymroszczyk 2003, Mrόz 2007). although this mouse is a granivore, sometimes 
it eats arthropods, small birds and mammals. in such cases, the urine and excrement of the 
yellow-necked mouse may have an odour of predator (Lozan et al. 1990, Grüm & Bujalska 
2000, nowakowski, personal report). in addition, this bigger and stronger rodent can destroy 
the common dormouse nests and kill young dormice also (airapetjanc 1983, Lozan et al. 
1990, juškaitis 2008). 

the intraspecific reaction of the yellow-necked mouse to odour of nest was neutral with 
tendency to avoidance, but statistically non-significant (38 % of tests were positive, χ2 = 1.1, 
р = 0.2951). aggressive interactions are possible between different species of rodents and 
also between individuals of one species (sokolov et al. 1979). the yellow-necked mouse is a 
territorial species and it shows aggressive reactions in direct contact (Grüm & Bujalska 2000), 
which is why these rodents tend to avoid each other when using shared space. 

interspecific reactions of the yellow-necked mouse to odour of nest were diverse and species 
specific. the reaction to the fat dormouse was neutral (48 % of tests were positive, χ2 = 0.02, 
р = 0.8964). Both species are quite aggressive and their ecological niches only some overlap. 
the yellow-necked mouse lives in the lower and middle levels of the forest, while the fat 
dormouse occupies mainly the highest level of trees and seldom comes down.

the reaction of the yellow-necked mouse to odour of nest of the common dormouse 
was neutral with tendency of attraction (59 % of tests were positive, χ2 = 1.1, р = 0.2943), 
but statistically non-significant. the positive response to the common dormouse is typical 
behaviour for the yellow-necked mouse, which is an aggressive and dominant species relative 
to other forest rodents (Čiháková & frynta 1996, Grüm & Bujalska 2000). it often occupies 
the nests of small dormice and may even displace them (andrzejewski & olszewski 1963, 
Čiháková & frynta 1996, juškaitis 2008). 

the reaction of the yellow-necked mouse to odour of nest of the woodland dormouse was 
neutral with tendency of attraction (67 % of tests were positive, χ2 = 1.03, р = 0.3105), but 
statistically non-significant. this odour was unknown to the yellow-necked mouse. But the 
odour core could have been recognized by rodents (Mróz 2007). therefore, it could make 
moderate concern of the yellow-necked mouse. 

all our results were in accord with behaviour described for these species in the literature 
suggesting consistency despite differing study methods. the details of each intraspecific and 
interspecific reaction to the odour of nest need further investigation.
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Predation by the edible dormouse (Glis glis) on British woodland birds 
breeding in dormouse nestboxes

RogeR TRouT, emma mayo, SebaSTian PeRceau-WellS & SaRah bRookS

Abstract 
monthly examination of edible dormouse nestboxes in spring 2008 at a site in the chilterns, england 

occasionally revealed nesting attempts by woodland birds. During the spring and early summer 2009, 
2010 and 2011 all bird nests in nestboxes were visited 2–3 times per week and the progress of breeding 
recorded. Predation by edible dormice was noted where the evidence indicated this. eggs, recently 
hatched, fledged and adult birds were predated. Predation of the first clutch was greater when dormice 
emerged earlier from hibernation rather than later (60 % vs. 25 %). Predation levels by dormice on later 
clutches were constant across years (c. 50 %) although the number of nesting attempts was always much 
lower than the first clutch.

Keywords: nest losses, nest failure, great tit, blue tit

1. Introduction
The edible or fat dormouse (Glis glis) is a nocturnal arboreal rodent with a principally 

mainland europe range (kryštufek 2010). This hibernating species was released in southern 
england in 1902 and has spread through much of an area defined and characterised by the 
broadleaved woodlands of the chilterns and motorways (Thompson 1953, morris 1997). a 
long-term population study has followed the numbers in a wood in the chilterns, england 
using monthly inspections of specially made edible dormouse nestboxes attached to trees 
(morris & morris 2010). From a few individuals per year found in nestboxes in the mid-1990s 
the population has grown almost exponentially in recent years to hundreds of animals found 
in each summer inspection. The edible dormouse is predominantly vegetarian, particularly 
consuming beech mast, fleshy fruits, nuts (acorns and hazelnuts), buds, leaves and flowers of 
trees, arthropods, fungi and mosses (Vietinghoff-Riesch 1960). in england, they are recorded 
as causing significant levels of damage to the bark of forest trees in plantations (Platt & Rowe 
1964, Jackson 1994). invertebrates (slugs, caterpillars, aphids, myriapods and beetles) are 
only a supplementary diet and predation on vertebrates was thought exceptional by holišová 
(1968). other published work from europe has shown that the edible dormouse regularly 
predates nests of birds (Vietinghoff-Riesch 1960, Juškaitis 2006, adamík & král 2008a). The 
edible dormouse competes for nestboxes with hole-nesting birds and may consume eggs and 
kill and eat both nestlings and incubating or brooding parents. These can include rare as well 
as more common species, though all birds are protected by law whilst nesting. in the past, 
woodland hole-nesting birds and the edible dormouse had a distinct sequential pattern of cavity 
use. however, in the last decades the changing climate in central europe may have created 
unequal advances in phenology; the edible dormouse has apparently advanced its emergence 
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from hibernation faster than woodland birds (koppmann-Rumpf et al. 2003). The population 
size of edible dormice is also positively correlated with the number of predated nests (Juškaitis 
2006, adamík & král 2008b). This paper presents data for 2009–2011 on predation by edible 
dormice of woodland birds nesting in the dormouse nestboxes on our uk study site.

2. Material and methods
The nestbox monitoring scheme used by morris & morris (2010) with 145 boxes was 

supplemented by an extra 75 boxes erected during 2008 and 2009. During spring 2009, 2010 
and 2011 all nestboxes were inspected twice a week from late april until early July. inspection 
involved use of a flexible endoscope inserted into the nestbox entrance hole, since this created 
little disturbance to birds or dormice inside. For those boxes with evidence of birds nesting, 
each visit recorded the progress of nestbuilding, the bird species involved, presence of eggs, 
sitting adult bird, nestlings or fledgling young. a small number of late nesting attempts 
commenced either when the majority of early nests had either feathered young or else began in 
the same nestbox after young had flown; these were termed late clutches. Successful fledging 
and any reasons for failure (including abandonment, broken eggs, pieces of bird, presence of 
edible dormouse or their signs – droppings, hair, major nest disturbance, green leaves brought 
in) were recorded by inspection of the interior of the nestbox. only those with evidence of 
edible dormouse activity were recorded as edible dormouse predation.  instances of abandoned 
(undisturbed) nests with dead young could not be allocated to edible dormouse predation of 
adults away from the nest or other causes of adult desertion and were recorded separately.

3. Results
nests were principally of great tit (Parus major) [138] and blue tit (Cyanistes caeruleus) [32] 

and all analyses relate to these species. The number of nesting attempts recorded differed in 
the 3 years. not all 178 nests completed resulted in active bird breeding. The commencement 
date of egg laying also differed, with 2009 being the earliest. in each year some birds fledged 
successfully and some were predated – often by edible dormice. The pattern of bird nesting 
and predation by edible dormice is shown in Table 1 for the first clutch nests and Table 2  
for the later clutch nests.

great tits predominated in the nestboxes, both for the first and late clutches. Successful first 
nesting varied across years from 33–54 %, whilst the recorded level of nest predation showing 
evidence that it was edible dormouse was respectively 62–25 %. edible dormice ate eggs, 
recently hatched and growing juveniles, almost fledged young and even adult birds of both 
species in the boxes. on one occasion an adult female great tit with brood patch was found 
on the ground below a disturbed nestbox with predated young. She had a single bite right 
through the skull dorso-ventrally with both puncture wounds of a size fitting edible dormouse 
incisor teeth. had this been a weasel or hawk attack (apart from a different wound pattern), the 
predator would have descended to ground and retrieved it, whereas edible dormice would not. 
The level of predation of later/second nests was similar across years at c. 50 %. one predation 
event could not be attributed with absolute certainty to edible dormouse, so both included and 
excluded assessments are shown.  overall, the proportion of predation by the edible dormouse 
for the two tit species was the same (33 % vs. 34 %).

The timing of the main predation events differed between years by approximately one month –  
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mid may to mid June as shown in Table 1. This reflected an apparently major difference in 
emergence date (as represented by the numbers of edible dormice in nestboxes on the first 
Sunday of the month and mid month) between years (Tab. 3). edible dormouse emergence 
was recorded earlier in 2009 and in larger numbers than other years, as represented by the two 
weekly nestbox checks of edible dormouse presence.

Tab. 1 Fate of first clutch woodland birds nesting in 220 Glis nestboxes.

First breeding attempt 2009 2010 2011

Completed nests 21 60 65

Bird species

 Great tit 14 [67%] 41 [68%] 50 [77%]

 Blue tit 7 [33%] 11 [18%] 15 [23%]

 Others/unrecorded 0 [0%] 8 [13%] 0 [0%]

Fate of nests/young

 Successful fledging 7 [33%] 32 [53%] 35 [54%]

 Dead/abandoned/unknown/ other predator 1 [5%] 9 [14%] 14 [21%]

 Predated by edible dormouse 13 [62%] 19 [32%] 16 [25%]

Date of first multiple edible dormouse predation events 11 may 12 June 24 may

Tab. 2  Fate of late clutch woodland birds nesting in Glis nestboxes.

Later breeding attempt 2009 2010 2011

Completed nests 18 8 6

Bird species

 Great tit 15 [83%] 6 [75%] 6 [100%]

 Blue tit 3 [17%] 2 [25%] 0 [0%]

Fate of nests/young

 Successful fledging 4 [22%] 4 [50%] 2 [33%]

 Dead/abandoned/unknown/ other predator 6 [33%] 0-1 [0-12%] 1 [17%]

 Predated by edible dormouse 8 [45%] 3-4 [38-50%] 3 [50%]

Tab. 3  Recorded total numbers of edible dormice in 220 nestboxes

Nestboxes with edible 
dormouse

2009
good tree masting

2010
little tree masting

2011
very heavy tree masting

First Sunday in May 8 0 3

Third Sunday in May 14 2 3

First Sunday in June 218 17 78

Third Sunday in June  291 103 109
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4. Discussion
edible dormice emerging from hibernation have lost much of their body weight and are 

very motivated to feed up both to regain body condition and to achieve breeding condition 
as soon as possible. During the night, when dormice are active, it was not surprising that all 
stages of bird breeding were attacked since those birds are diurnal and they would be asleep 
(Juškaitis 2006). The tits of either species are unable to defend themselves since they are very 
much smaller in body mass than edible dormice (11–20 g vs. 100–200 g). This was indicated 
by the similar proportion of predation events for the two tit species.  individual edible dormice 
on this site use the same nest box (or a very few adjacent ones) regularly during their whole 
lifetime – up to 10 years (morris & morris 2010) – although they do not always use nestboxes 
every day but may also use tree holes (brooks & Trout 2012). The year 2009, with an earlier 
emergence from hibernation as defined by the population monitoring data, resulted in a much 
larger percentage loss of nests than occurred in the two years with later emergence.  all bird 
nesting and predation events were prior to any breeding of the dormice.  We have insufficient 
evidence to demonstrate whether good tree flowering years (2009 and 2011) result in less 
predation.

The data from our study indicate a 25–60 % loss of active nests of two common woodland 
bird species due to edible dormouse. Whilst it can be reasonably assumed that this figure may 
be appropriate to all woodland birds that breed in tree cavities (and possibly roosting bats) 
that edible dormouse can enter, it is not suggested that this level of loss would necessarily 
apply to all bird species breeding in the wood. This is firstly because it is well known that 
other predators such as corvids predate open-nesting species and secondly because we have 
no empirical measure of edible dormice taking those species. however, as the principle 
microhabitat where hungry edible dormice in spring/early summer are urgently seeking food 
at night is among the flowering and shooting branches of trees, they may well move along 
branches containing open-nesting bird species. There are other much rarer woodland species 
that nest in holes, e.g. spotted flycatcher (Muscicapa striata), nuthatch (Sitta europaea), tree 
creeper (Certhia familiaris), lesser and greater spotted woodpecker (Dendrocopos minor, D. 
major) (adamík & král 2008a). We are aware of two probable edible dormouse predation 
events involving the last species in our study site and also found an edible dormouse in a 
nestbox two days after finding a woodpecker there.

as koppmann-Rumpf et al. (2003) showed in their collation of 30 years data, the climate 
change advance in phenology has been much greater for edible dormouse (c. 1 month in 30 
years) than for the woodland birds (c. 1 week in 30 years) and adamík & král (2008b) found 
a similar trend. Thus the implications of further climate change advancing the awakening 
date for edible dormouse is not a good omen for hole-nesting woodland birds living within 
the uk range of this non-native species. The uk government has a formal target to stop 
the decline in woodland birds and thus in the chilterns area, where edible dormouse are 
present, this target (whether for the common but especially the rarer species) is apparently 
under significant threat. edible dormice also are implicated in predation and disturbance in 
nest boxes of protected bat species (grimsey, pers. comm.) and the protected native hazel 
dormouse (Muscardinus avellanarius) (bakó & hecker 2006, Juškaitis & büchner 2010, 
grimsey, pers. comm.), though no formal data has yet been gathered or published in the 
uk. This is in addition to the significant impact on some plantation trees by bark stripping 
(koenig 1960, Platt & Rowe 1964, Jackson 1994) and the damage to and nuisance in houses 
and other human infrastructure (morris 2009) caused by this non-native species. The level of 
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bird predation found in this study is a further indication that work to prepare for local edible 
dormouse population management, including the prevention of the establishment of new uk 
populations, should be seriously addressed.
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Muscardinus avellanarius, in the north of its UK range
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Abstract 
Mark and recapture monitoring of Muscardinus avellanarius at two sites, towards the north of the 

species uk range, has been carried out by the northwest dormouse Partnership since 2005. in the uk  
M. avellanarius has previously only been studied in detail in the south of england. Populations in the 
north of england and north Wales were thought to be small, scattered and fragile. The study sites are: 
Bontuchel, denbighshire: where dormice were discovered in the 1990s, and Wych Valley, Cheshire: 
where dormice were reintroduced in 1996 and 1997. With over 800 animals marked in 6 years, and 34 % 
recaptured, this is one of the largest studies of this type carried out with this species in the uk. 

The population in north Wales shows demographic statistics comparable to populations in europe, and 
appears to be stable. Multiple litters and breeding in young of the year have been recorded; events which 
the literature would indicate were unlikely in the north of the uk. in contrast, the reintroduced Cheshire 
population appears extremely fragile.

Keywords: mark and recapture, reintroduced population

1. Introduction
Two uk populations of the hazel dormouse (Muscardinus avellanarius) have been studied 

since 2005 by the north West dormouse Partnership (nWdMP), using mark and recapture 
techniques. Monitoring is planned to continue until 2015, this paper presents some of the 
preliminary findings. detailed study of this type has not been carried out before at the northern 
edge of the species uk range, and existing literature shows that the ecology of this species is 
variable across its global range. Previous studies of this type have focused on populations in 
the southern uk, or in eastern europe (Bright et al. 2006, Juškaitis 2008). 

M. avellanarius has declined in numbers and distribution in the uk in the last 100 years (Bright 
et al. 2006). Today it is largely absent from the north of england, except for small populations in 
Cumbria and northumberland, and reintroductions in Yorkshire and Cheshire (Fig. 1). 

The species is believed to have become extinct in Cheshire early in the 20th century. it is 
still widespread in southern english counties, but here distribution is patchy. in Wales the 
species is widespread in the south east but, until recently, dormice were considered rare in the 
north and west of the country (Bright 1995, 2000). however, increased survey effort and better 
understanding of suitable habitat have revealed large populations in north Wales, particularly 
in denbighshire (hughes et al. 2010). The Welsh study site for this project is amongst the 
largest monitored populations in the uk, regularly rating in the top five sites for dormouse 
numbers recorded through the national dormouse Monitoring Programme (PTeS 2011).
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The aim of the project is to assess population statistics for M. avellanarius at the two study 
sites, through collection of mark and recapture data, and comparison of statistics for the two 
populations.

 

Wych study site

 

Bontuchel

 

study site

Fig. 1  uk hazel dormouse records from the national dormouse Monitoring Scheme 1988 to 2008, with 
 project study sites marked. (Peoples Trust for endangered Species 2008.)
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2. Material and methods
data used in this study were collected from two study sites over 6.5 years, from 2005 to 2011  

(Fig. 1). The sites studied were:
• Bontuchel, denbighshire: a planted ancient woodland site of approximately 75 ha that 

is now managed to restore native woodland. a wild M. avellanarius population was 
discovered there in the 1990s when dormouse nests were found in bird boxes. 

• Wych valley, Cheshire: a semi-natural ancient clough woodland of approximately 30 
ha, where dormice were released in 1996/97, as part of the english nature Species 
recovery Programme.

Monitoring methods followed the standard technique (using artificial nest boxes) established 
for the uk national dormouse Monitoring Scheme (PTeS 2011). data collection evolved 
from established monitoring already in progress at both sites, using large numbers of dormouse 
nest boxes installed at an earlier date, arranged on irregular transects. at Bontuchel 232 nest 
boxes were used, and 227 at Wych; monitoring of all boxes was carried out four times per 
year: May, June, September and october. 

individual animals were marked using microchips (PiT tags), inserted in the field, under 
anaesthesia by a veterinary surgeon. use of anaesthesia was considered to reduce stress on 
animals, improve accuracy of placement of microchips, and enable marking of younger/
smaller individuals (S. Sanderson 2005, personal communication).

descriptive statistics were used to summarise findings at each site, using iBM SPSS 
Statistics version 19. Life tables (Caughley 1977) were used to describe mortality and survival 
patterns of the populations. Capture and recapture data was analysed using Simply Tagging 
software version 2.0.1.27 (Pisces Conservation Ltd). Population estimates are derived from a 
Jolly-Seber model (Jolly 1965, Seber 1965). 

3. Results
From 1945 dormouse records a total of 863 M. avellanarius were marked. recapture rate at 

Bontuchel was 40 %, and at Wych 30 % (Tab. 1).

Tab. 1  Summary details of captures and recaptures of Muscardinus avellanarius at two uk study 
 sites between May 2005 and June 2011.

Bontuchel Wych 

Field surveys 26 sessions 2005–2011 26 sessions 2005–2011 

Total dormouse records* 1459 486

Dormice marked 617 246

Sex ratio
49 % female
49 % male

2 % unknown

49 % female
45 % male

6 % unknown
Age at marking 53 % marked as juveniles 53 % marked as juveniles

Recapture rate 40 % recaptured 30 % recaptured 

Mean recapture rate** 1.90 1.50

Maximum recaptures 13 7
* includes marked and unmarked animals (only animals weighing over 8g are marked).       
** captures of marked animals/no. marked animals.
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More animals were captured and marked at Bontuchel than at Wych from a similar number 
of boxes, suggesting a larger population at Bontuchel (though it must be noted that box density 
differs). Population estimation using a Jolly-Seber model supports this (Figs 2–3).

Sex ratio of animals captured at each site was approximately 1:1. 
Capture data also showed particularly high recruitment at Bontuchel in autumn 2006 and 

2009, but only in 2006 at Wych.

3.1. Population estimates
Population estimation graphs for the two sites (Figs 2–3) for the duration of the study 

showed similar annual patterns, characterised by a recruitment peak in autumn, followed by 
significant over-winter mortality. The population at Bontuchel appears to have been stable 
over the duration of the project, but at Wych a decline is evident from 2009 onwards, very little 
evidence of breeding activity was detected at Wych in 2009 or 2010.

Fig. 3  Wych population estimate with 95 % confidence intervals.

Fig. 2  Bontuchel population estimate with 95 % confidence intervals.
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3.2. Life Table
age frequency data compared between sites showed no significant difference so a life table 

was constructed for animals marked as juveniles between 2006 and 2009 (Tab. 2). Mortality 
rate was found to be lowest in the second year of life for the pooled data, and for both sexes 
and both sites considered separately. 

Tab. 2  Life table for Muscardinus avellanarius at the two uk study sites between 2006 and 2009, 
 site data pooled.

Age Frequency Survival Mortality Mortality rate Survival rate 

0 360 1.000 0.797 0.797 0.203

1 73 0.203 0.117 0.575 0.425

2 31 0.086 0.058 0.677 0.323

3 10 0.028 0.025 0.900 0.100

4 1 0.003 0.003 1.000 0.000

3.3. Age Profiles
analysis of age profiles showed that few animals survived beyond their 3rd year (age 2). 

Maximum life span recorded was 5 years at Bontuchel and 3 years at Wych. all the oldest 
animals recorded at Bontuchel were females. (note: Table 2 contains a subset of data, and does 
not include the oldest recorded animals.)

3.4. Breeding behaviour
data available to investigate breeding behaviour was limited. however, one instance of 

breeding in ‘young of the year’ was confirmed at Bontuchel, and six records indicative of 
multiple breeding by individual females in one season were observed there also. These were 
records of females found either pregnant, lactating or with young in May/June, and again in 
September/october.

a significant difference between month of breeding (for the months covered in this project) 
at the two sites was detected (χ² = 10.81, P < 0.05, df = 2, n = 106). at both sites the majority of 
breeding events (60–70 %) were recorded in September. at Bontuchel approximately 25 % of 
the breeding events recorded occurred in June, and 5 % in october, whereas, at Wych a smaller 
percentage of breeding events happened in June, and a higher figure in october.

Several potential sources of error were identified in litter size data, due to survey timing, 
individual surveyors, and nest boxes containing animals from more than one litter. however, 
data indicates litters are significantly larger at Wych (mean 4.59) than at Bontuchel (mean 
3.74) (t = 23.747, df = 139, P < 0.001).

4. Discussion
These results are only preliminary, more information is being obtained with each field 

season. Summary statistics (Tab. 1) and population estimates by site give an indication of 
comparative population sizes, with the Bontuchel population being larger than that at Wych. 
it is noted however, that the irregular box arrangement and differing sizes of the study sites 
mean this can only be inferred.
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Life tables are available for M. avellanarius from Lithuania (Juškaitis 1999, 2008). 
Comparison of these with project data shows sample sizes to be comparable, and life spans 
similar. The life table for the combined data from our uk study sites shows a similar pattern 
to that for Lithuanian dormice born in august and September. in general mortality rates in life 
tables from this study are higher than those observed in Lithuania.

Population estimation and age profiles show peaks of recruitment at Bontuchel in 2006 
and 2009, but only in 2006 at Wych. Since broad-scale weather conditions are unlikely to be 
significantly different between study sites due to their proximity (see Fig. 1), it is assumed 
that conditions favouring successful breeding (plentiful food through the season) are likely to 
occur in the same years at both sites, though it is acknowledged that microclimatic effects may 
result in differences in local food availability.

a population ‘crisis’ is observed at Wych in 2009: just 2 females (and no males) were recorded 
in June that year. The winter 2008/2009 appears to have affected Wych badly, with few animals 
surviving hibernation, despite high recruitment in autumn 2008. it would seem possible that in 
spring 2009 at Wych the dormouse population was so small that it was unable to respond to a 
good food year with high recruitment as was observed at Bontuchel. Further investigation of 
food availability and weather conditions might assist understanding the situation. 

Maximum life span recorded is 5 years (surviving 5 winters), corresponding with studies in 
Lithuania and Moscow (Juškaitis 1999, Likhachev 1966) and studies in the south of the uk 
(Bright & Morris 2005). however, all three animals recorded reaching this age were females; 
other research has found males to be the longer lived sex (Juškaitis 2008). 

 The ‘wild’ / natural population at Bontuchel appears to be stable. The population at Wych 
appears smaller, and stable between 2005 and 2008, but shows a decline from 2009 and 
came close to extinction in June 2009 and June 2010. Therefore, the reintroduced dormouse 
population at Wych must be described as extremely fragile. a slight recovery may be underway 
in 2011 – continued monitoring will confirm this.

in the uk only M. avellanarius populations in southern england have been studied in detail 
and assumptions have been made about populations elsewhere in the uk. Populations, at the 
northern fringes of the species uk range, were assumed to be small, scattered and fragile. 

Preliminary results from this study show the population at Bontuchel in north Wales exhibits 
demographic statistics comparable to populations in europe, and appears to be in a stable 
state. it also appears to be comparable in size to the largest populations being monitored in the 
south of england through the uk national dormouse Monitoring Scheme. 

in general demographic statistics are similar at the two study sites, with the exception that 
life span was shorter at Wych. in addition this study has shown that female M. avellanarius 
produce multiple litters in some years in the region (multiple breeding was suspected at Wych 
before 2005), and that young of the year sometimes breed in this area too. existing literature 
(harris & Yalden 2008, Morris 2011) would indicate these events should be unlikely in the 
north of the uk. 
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Consequences of reproductive activity in male edible dormice (Glis glis)

Joanna Fietz

Abstract 
in some mammalian species reproductive activity is known to reduce the ability to enter torpor, which 

dramatically increases thermoregulatory costs. one of those species is the edible dormouse (Glis glis). 
aim of this review was therefore to summarize consequences of reproductive activity in male edible 
dormice under ecologically and evolutionary relevant conditions in the field. 

Results of our former field studies revealed that reproductive male edible dormice have a significantly 
higher body temperature than sexually quiescent males and furthermore show a pronounced body 
mass loss during the mating season, while body mass of non-reproductive males remains constant. 
Comparatively low survival rates after high reproductive years demonstrate that male edible dormice 
incur considerable reproductive costs, which could at least in part be caused by high thermoregulatory 
demands in breeders. one possibility to reduce thermoregulatory costs is to huddle together and form 
sleeping groups during periods of inactivity. and indeed investigations in the field showed that in edible 
dormice breeders may counterbalance high thermoregulatory costs associated with reproductive activity 
by the formation of sleeping groups. Measurements of oxygen consumption further demonstrated that 
grouping behaviour reduces energy requirements per animal by almost 40 %. 

Keywords: thermoregulatory costs, body temperature, oxygen consumption, survival rates

1. Introduction
the edible dormouse (Glis glis) is an obligate hibernator that also enters torpor (Schlund 

2005), which  represents the most efficient physiological adaptation of small mammals 
and birds to facultatively reduce energy expenditure during environmentally unfavourable 
conditions (Geiser & Ruf 1995, Heldmaier & neuweiler 2004, namekata & Geiser 2009). 
torpor is characterized by a substantial drop of metabolic rate (MR) and body temperature (tb), 
by which energy requirements may be reduced by 40–80 % of euthermic values (Heldmaier & 
Ruf 1992, Geiser & Ruf 1995, Heldmaier & elvert 2004, namekata & Geiser 2009). However, 
in many species like in the edible dormouse, this capacity is reduced in sexually active males 
with high circulating blood plasma levels of testosterone (Jallageas & assenmacher 1983, 
1884). 

in this synopsis i summarize results of former field studies which focused on consequences 
of reproductive activity in male edible dormice under ecologically and evolutionary relevant 
conditions in the field (Fietz et al. 2004, Ruf et al. 2006, Fietz et al. 2009, Fietz et al. 2010). 
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2. Material and methods
Studies were conducted at two sites located in Southwestern Germany. the study area 

‘Hohenentringen’ comprises a mixed deciduous forest of 12 ha with 128 nest boxes (for details 
see Schlund et al. 1997), situated on the southern rim of the ‘Schönbuch’ nature Reserve  
(48° 33´ n, 8° 59´ e). the second study site is within the Botanical garden of the University of 
Ulm (48° 25´ n, 9° 57´ e). it is about 6 hectares in size, contains 70 nest boxes and is covered 
by mixed deciduous forest. a grid system with 30 × 30 m squares was established at both study 
areas and nest boxes were installed at the intersections of the grid lines. each nest box was 
attached to a tree at a height of approximately 3 meters above ground. Minimal and maximal 
ambient temperature (ta) were automatically recorded with dataloggers (thermochron ibuttons; 
Dallas Semiconductor; Dallas, tX, USa) on a daily basis at both study sites.

We performed weekly checks of nest boxes from June to october between 1994 and 2007. 
Dormice were individually marked by subdermal injection of transponders (trovan, eURo 
i.D. Usling, Weilerswist, Germany) that carried unique identification numbers. We recorded 
sex and measured body mass. in males, testes lengths of the right testis were measured to the 
nearest mm using callipers. Males with palpable testes at the time of capture were categorized 
as breeders, those without as non-breeders. testes are regarded as the major sources of 
androgens (Denk & Kempenaers 2006, Hau 2007), and Jallageas & assenmacher (1983) 
showed a clear annual cycle of plasma testosterone levels in edible dormice which coincide 
with their annual testes development (Fietz et al. 2004).  We therefore assumed testes sizes to 
be positively linked to levels of testosterone in the blood plasma. tb was measured orally with 
a digital thermocouple to the nearest 0.1°C directly after taking the individual out of the nest 
box. thermocouples were inserted 1–1.5 cm into the mouth of the dormouse until constant 
values were reached. at the end of the procedure, animals were returned to their nest boxes. 

to comparatively analyse energy expenditure, oxygen consumption was measured in the 
field on free-ranging animals during 2004 and 2006 in Hohenentringen and in 2007 in the 
Botanical garden of Ulm University, using nest boxes as metabolic chambers. Measurements 
of oxygen consumption were always carried out between June and July during the daytime 
for at least 6 hours, exclusively on euthermic individuals as rate of oxygen consumption per 
individual (n = 23) or group (n = 12; between two and seven individuals) and was recorded 
continuously using a portable gas analyser (oxbox; designed and constructed by thomas Ruf, 
Research institute of Wildlife ecology, Vienna; for further information see Fietz et al. 2010). 
in addition, ta was measured by a copper-constantan thermocouple located near the animals 
sleeping corner at middle height in the nest box. 

We defined the lowest measured 10 minutes moving average as resting metabolic rate 
(RMR). Subsequently, RMR was divided by the total body mass (in g) from all individuals 
located within the respective nest box to achieve mass-specific RMR.  We are aware of 
the fact, that the mass-specific metabolic rate is a theoretical value with limited ecological 
significance. However, we used mass-specific metabolic rates to evaluate reductions of energy 
expenditure achieved by social thermoregulation because we could not separately measure 
oxygen consumption of huddling individuals. 

2.1. Body temperature, body mass and survival rate in breeders and non-breeders
in edible dormice, breeders were shown to maintain a tb above 30°C, while non breeders 

in the field had a significantly lower tb and entered torpor more frequently (Fietz et al. 2004). 
in breeders, tb fluctuated diurnally between 37 and 30°C which suggests that they may try 
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to lower their tb as much as possible to reduce thermoregulatory demands by maintaining 
a comparatively low euthermic tb (Fietz et al. 2004). Furthermore, in comparison to non-
breeders, reproducing male edible dormice showed a severe decrease in body mass during the 
mating season which can at least partly be attributed to higher thermoregulatory costs (Fietz 
et al. 2004, Fietz et al. 2009) and energy-consuming mating activities connected with less 
time spent foraging. Furthermore, reproducing individuals had a lower chance of survival in 
the following winter (Ruf et al. 2006). all together, reproducing male edible dormice are in a 
negative energy balance, which seems to decrease their chance to survive. 

2.2. Social thermoregulation
an analysis of grouping behaviour showed that in edible dormice group size was positively 

correlated with decreasing minimal ta and body mass, while testes size showed a positive 
relationship with the number of individuals sleeping together (Fietz et al. 2010).

the fact that the number of individuals huddling together was increasing with decreasing 
ta can be explained by the fact that energy budgets of animals are strongly affected by the 
surrounding ta and metabolic rates of birds and mammals that regulate tb on euthermic levels 
increase with decreasing ta below their thermo neutral zone (tnz)(Heldmaier & neuweiler 
2004). Previous studies that have investigated the effect of group size on oxygen consumption 
in small mammals and birds in captivity  point towards a reduction of energy consumption per 
group with the increase in numbers of individuals huddling together (Canals et al. 1989, Hayes 
et al. 1992, Perret 1998, McKechnie & Lovegrove 2001, Pretzlaff et al. 2010). However, there 
seems to be a critical number of grouped individuals beyond which the reduction of energetic 
requirement does not change significantly (Canals et al. 1989). Moreover, the addition of 
more individuals may even increase energetic demands (Perret 1998) because of an increase 
in social stress occurring in larger groups. although we did not investigate energetic benefits 
of different group sizes, measurements of oxygen consumption revealed that grouping fully 
compensates temperature effects on mass-specific RMR below the lower limit of the tnz 
(Fietz et al. 2010). this is shown by the finding that in contrast to the mass specific RMR of 
individuals sitting alone, those of groups did not increase with decreasing ta below the tnz 
but remained on the same level. 

Furthermore, smaller individuals were found in larger groups than larger ones (Fietz et 
al. 2010). Small individuals have generally a higher surface area to volume ratio and thus a 
higher proportional heat loss across their body surface than larger individuals (Heldmaier & 
neuweiler 2004). this makes thermoregulation comparatively more expensive for smaller 
individuals than for larger ones. on the other hand it could be that not thermoregulation but 
dominance determines grouping behaviour and that smaller individuals are less dominant and 
therefore more prone to form groups. However, we observed that males with larger testes 
and thus presumably higher levels of testosterone (Jallageas & assenmacher 1983, Fietz et 
al. 2004) were more often captured in larger groups than males with smaller testes. as high 
levels of testosterone are generally assumed to be correlated with aggressive behaviour (Hume 
& Wynne-edwards 2005, Soma 2006) this result is somehow unexpected and at the same 
time contradicts the former assumption. nevertheless, as already mentioned the ability to 
enter torpor is reduced with increasing levels of testosterone (Mzilikazi & Lovegrove 2002). 
accordingly, males with larger testes can be assumed to have higher thermoregulatory costs 
than males with smaller testes as they have to maintain comparatively high tbs. as observed 
for differing ta, male edible dormice seem to be able to compensate the effects of varying 
testosterone levels on their thermoregulatory capacity by adjusting the size of their sleeping 



Joanna Fietz226

group. Furthermore, measurements of oxygen consumption demonstrated that grouping 
behaviour reduces energy requirements per animal by almost 40 % (Fietz et al. 2010). 

in summary social thermoregulation represents an efficient way for small mammals to 
reduce energy expenditure (Hayes et al. 1992; namekata & Geiser 2009). the flexibility of 
this behavioural adaptation further allows small mammals like the edible dormouse to respond 
quickly to daily climatic changes by adjusting their group size (Pretzlaff et al. 2010).  
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Residual heavy metal concentrations in the fat dormouse (Glis glis) in 
an agricultural region of Bulgaria 

GeorGi Markov

Abstract 
The aim of this study was to measure the levels of some toxic and essential metals in the liver of the 

fat dormouse (Glis glis) and assess the risk from heavy metal accumulation in their body, as may occur 
in agricultural areas. The residues of heavy metals having potentially toxic effects were established in 
the liver of dormice inhabiting a forest shelter belt in an agricultural region of the central part of North-
eastern Bulgaria. The results create a baseline for estimation of toxic metal accumulation in the internal 
organs of the fat dormouse in agricultural ecosystems. 

Keywords: heavy metals, toxicology, agricultural ecosystems, environmental pollution

1. Introduction
increased human activities have induced changes in ecosystems by releasing pollution, 

including heavy metals, into the environment (Friberg et al. 1986). in certain situations, heavy 
metals with toxic effects on living organisms, display a propensity for marked bioaccumulation 
and their increasing presence in the environment could cause different pathological changes 
among mammals inhabiting particular ecosystems (WHo 1992). Because of the ability of 
free-living mammals to accumulate heavy metals in their internal organs such as liver and 
kidney (Goyer 1986), they have been recognized as valuable biological monitors of xenobiotic 
pollutants present in the ecosystem (venogopal & Luckey 1978, Wren 1986, Talmage & 
Walton 1991). Small mammals can be particularly effective bioindicators of environment 
contaminants if the species used are abundant, easily caught, do not migrate long distances, 
and have well documented feeding habits (Beardsley et al. 1978).

Besides the compounds of the heavy metals group, the elements with concentration- 
dependent toxic effects (Cu, Ni, Zn, Co) and micro elements with proven highly toxic effect on 
living organisms (Cd, Pb) are considered as priority pollutants of the environment in Bulgaria 
(National program for bio-monitoring in Bulgaria 1990). Therefore, their concentrations in 
wild animals should be constantly monitored. 

The fat dormouse is strongly associated with tree and shrub layer habitats, where its home 
range is small, about 100 m diameter (Parker 1990, Corbet & Harris 1991). its foraging area 
is not large (airapetyantz 1983),  but its food spectrum is very diverse and includes organisms 
from different levels of the food chain where the dormice live – fruits, nuts, acorns, seeds, 
berries and other soft fruits, leaves, buds, bark of fruit and willow trees in particular. insects, 
carrion, fungi, eggs and nestling birds are taken occasionally, (Parker 1990, Corbet & Harris 
1991, Morris 1997, Nowak 1999). The fat dormouse has good reproductive potential, usually 
the female gives birth to one litter per year, maybe two in some areas (Nowak 1999). The litter 
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size is between 1 and 11 cubs, usually 4-6 (Corbet & Harris 1991, Parker 1990). according to 
the work of Nowak (1999) litter sizes range from 2–10 with an average of 4.5. Comparable 
figures for Britain are 2–8, with a mean of 4.5 (Morris 1997). The average for Bulgaria is 3–6 
cubs (Paspalev et al. 1952). These factors, together with the fact that it is widely spread in 
Bulgaria (Markov 1959, Markov 2001) and the western Palearctic (kryštufek 2010) make the 
fat dormouse a useful species for environmental monitoring and risk assessment.

Due to its high degree of ecological adaptation (airapetyantz 1983), the fat dormouse has 
occupied all suitable deciduous forest zones throughout Bulgaria (Markov 1959, Markov 
2001). it also occurs in lowland biotopes, where people have cultivated different stands of 
deciduous trees, such as forest plantations, orchards, shelter belts, etc. These artificial forest 
plantations created new biotopes, potentially favourable to the fat dormouse, in which it 
now develops thriving populations. Some of these new dormouse populations in agricultural 
regions of the country exist under ecological conditions that are influenced by the surrounding 
agricultural activities. 

The lack of knowledge about bioaccumulation, and actual values for the concentrations 
of heavy metals in natural populations of fat dormice, in Bulgarian agricultural ecosystems, 
prompted the present investigation. The aim was to evaluate the concentrations of residues 
of priority pollutants of the heavy metal group (Cu, Ni Zn, Co, Pb and Cd), in samples from 
the target organ (liver) of fat dormice, inhabiting the main agricultural region of Northeastern 
Bulgaria. To avoid the potential influence of the specimens’ age and gender on the quantitative 
accumulation of heavy metals in their bodies, only adult males (> 3 years) were analyzed.

2. Material and methods
Specimens of the fat dormouse were  obtained from forest shelter belts during an 

investigation of the presence and abundance of small mammal pests (Microtus spp., Apodemus 
spp. and Mus spp.) in an agricultural region in the Shumen District of North-eastern Bulgaria. 
The study plot covered an alfalfa field, the adjacent corn and forest shelter belt, as well as the 
nearby undeveloped area of primary steppe biotope. aging of the dormice  was based on dental 
development and the state of dental attrition (Gaisler et al. 1977); gender was determined by 
external appearance and confirmed by  dissection.

in the liver samples from 10 adult male specimens the residual amounts of the elements 
studied (Cu, Ni, Zn, Co, Cd and Pb) were established using an atomic-absorption analysis, 
following Havezov & Tsalev (1980). Concentrations of these elements were expressed as  
mg/kg of dry analyzed tissue. Standard biological statistical analysis of the data was carried 
out using StatSoft, inc. (2008). STaTiSTiCa, version 8.0.

3. Results and discussion 
all the investigated specimens of the fat  dormouse were from the forest shelterbelt and none 

were found in the adjacent corn and alfalfa fields or in the nearby undeveloped area. Table 1 
shows the results of the quantitative analyses of heavy metals in the liver of these animals. 

The mean values of residual Zn and Cu showed the highest absolute variation. The mean 
value of Pb in the liver was also highly variable. at the same time, there was a consistently low 
coefficient of variation (Cv) of the residuals of Zn and Cu in the liver of these animals. The 
studied group was highly heterogeneous in respect of the residuals of Pb, Ni and Co in the liver. 
The residuals of Cd remained less than 0.01 mg/kg dry weight in all the studied specimens. 
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Tab.1  Mean values of heavy metals residuals (X [mg/kg dry weight]), their absolute (SD) and 
 relative (Cv) variation in the liver of adult male fat dormouse (Glis glis) and common vole 
 (Microtus arvalis) (Markov et al. 2007) from the forest shelterbelt in Shumen agro region in 
 Northeast Bulgaria.

Fat dormouse (Glis glis) Common vole (Microtus arvalis)
N=10 N=10

Metal X SD CV X SD CV
Cu   23.865 1.030   4.31 14.3 11.4 79.72
Ni    0.643 0.444 68.42   3.2   2.9 90.65
Zn   53.240 1.731   3.25 69.6 24.9 35.77
Co    0.398 0.123 30.90   1.9   1.5 78.94
Cd < 0.001 - -   1.4   1.1 78.57
Pb    2.147 0.985 45.88   7.3   3.8 52.05

The mean values of heavy metal concentrations and their absolute and relative variations in 
the liver of the fat dormouse were compared with the same parameters in the liver of 10 adult 
male specimens of the common vole (Microtus arvalis) as part of a study of heavy metals in 
small mammals in the same agricultural region (Markov et al. 2007). 

These two rodents inhabit different strata of the same agricultural landscape. The dormice 
do not leave the forest shelter belts, where they occupy permanently the tree-shrub layer. The 
common voles live underground in colonies across open agricultural lands which are intensively 
treated with different chemicals for increasing crop yields. These species also differ from 
each other in numerous biological characteristics, such as lifespan, food spectrum and in their 
daily and seasonal movements and in their metabolic activity. These biological and ecological 
differences are likely to result in differences in their potential for bioaccumulation of pollutants  
from the agricultural ecosystem which they both inhabit. 

The present study has shown mean values of heavy metal residuals in the liver of the two 
rodent species, their absolute and relative variation (Tab. 1). it also confirms the transfer of 
metals from the environment to terrestrial mammals (Hunter et al. 1987) to an extent that varies 
according to species differences in various biological factors. 

4. Conclusion
The results of this study provide a basis for monitoring heavy metal residues in fat dormice, 

both in Bulgaria and elsewhere in europe.
The presence of highly toxic lead (kabata-Pendidas & Pendidas 1979, Lucy & venugopal  

1986) in considerable concentrations, together with the noteworthy presence of cadmium in 
the liver of wild dormice, albeit at lower concentrations, is due to anthropogenic pollution 
of the environment (Sawicka-kapusta 1979). This suggests that regular assessment and 
forecasting of accumulation of toxic metals (Pb and Cd) in free living animals in agricultural 
ecosystems is necessary. Concentrations of priority environmental pollutants such as Zn, 
Cu, Ni and Co in widely used bioindicator species need to be linked to levels found in their 
habitats. Harmless levels of heavy metals in the fat dormouse also need to be established. 
Development of these tasks could provide opportunities for using this species as a monitor of 
environmental status, both in new anthropogenically transformed habitats and in its natural 
biotopes over its european range. 
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Differential contribution of various dormice to the natural transmission 
cycle of Lyme disease spirochetes in Central Europe
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Abstract 
small rodents serve as important reservoir hosts for tick-borne Lyme disease spirochetes. in central 

europe, hazel dormice (Muscardinus avellanarius), garden dormice (Eliomys quercinus) and edible 
dormice (Glis glis) seem to support this pathogen more efficiently than do any mice or voles. Dormice 
appear to acquire this infection early in their lives and appear to remain highly infectious to larval ticks 
throughout their comparatively long lives. in addition, a particular Lyme disease spirochete, Borrelia 
spielmanii, appears to be closely associated with E. quercinus and M. avellanarius and has been 
delineated as a distinct species due to its ecological niche. this phenotypical description of B. spielmanii 
was confirmed genotypically by multilocus sequence analysis. We review experimental and field 
observations, determining reservoir competence and reservoir capacity of central european dormice, 
and compare the contribution of these hosts to the natural transmission cycle of Lyme disease spirochetes 
with that of sympatric mice and voles. Where dormice are present, they may constitute a major reservoir 
for particular Lyme disease spirochetes.

Keywords: Borrelia spielmanii, Eliomys quercinus, Glis glis, rodents, reservoir hosts

1. Introduction
the etiological agents of Lyme disease, Borrelia burgdorferi Johnson et al., 1984 sensu 

lato, are spirochetes transmitted by ticks of the Ixodes ricinus (Linnaeus, 1758) complex 
(Matuschka & spielman 1986, Matuschka & Richter 2002). Lyme disease spirochetes in 
central europe are currently differentiated in seven genospecies: the pathogenic Borrelia 
burgdorferi sensu stricto Johnson et al., 1984, emend. Baranton et al., 1992, Borrelia afzelii 
canica et al., 1994, Borrelia garinii Baranton et al., 1992, Borrelia spielmanii Richter 
et al., 2006 and Borrelia bavariensis cand. spec. nov., Margos et al., 2009 as well as the 
non-pathogenic Borrelia lusitaniae Le Fleche et al., 1997 and Borrelia valaisiana Wang 
et al., 1997. although I. ricinus serves as vector tick for all of them, each appears to be 
maintained in nature by different reservoir hosts. Whereas B. afzelii and B. bavariensis 
appear to be associated with rodents, B. garinii and B. valaisiana seem better adapted to 
birds (huegli et al. 2002, kurtenbach et al. 2002, hanincova et al. 2003, Richter et al. 
2004a, Mannelli et al. 2005). On the other hand, the less specialized B. burgdorferi s. str. 
may be maintained by both, rodents and birds (Richter et al. 2000, 2004a). Lizards serve 
as reservoir for B. lusitaniae (Richter & Matuschka 2006, amore et al. 2007). interestingly, 
B. spielmanii seems to be closely associated with particular rodents – garden dormice, Eliomys 
quercinus (Linnaeus, 1766), und hazel dormice, Muscardinus avellanarius (Linnaeus, 1758). 
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each of the three developmental stages of the vector tick – larva, nymph and female adult 
tick – feeds only once. the larvae hatching from the egg are free of Lyme disease spirochetes, 
because these spirochetes are not transmitted vertically (Richter et al. 2012). if a larva 
parasitizes a host animal which is infected by Lyme disease spirochetes, it may acquire these 
pathogens and maintains them when molting to the subsequent developmental stage. the 
resulting nymph may now infect the host on which it takes its next blood meal. if the host is 
competent for the spirochetes, it may in turn serve as reservoir for larvae feeding on it. again, 
spirochetes are maintained during the molt to the adult stage. Lyme disease spirochetes are, 
therefore, horizontally transmitted. Both questing nymphal and female ticks may attach and 
subsequently transmit the agents of Lyme disease to people, if not removed within the first 
30 hours of their blood meal (klug 2005). the risk of acquiring Lyme disease depends on 
the abundance of infected vector ticks which in turn is influenced by the mix of vertebrates 
serving as hosts for the vector ticks.

in the temperate zones of europe, the tick I. ricinus is the most common tick feeding on 
people. it is not host-specific and indiscriminately parasitizes a wide array of vertebrate hosts, 
including mammals, birds and reptiles. Whether a vertebrate host may serve as a reservoir 
for Lyme disease spirochetes is determined by its competence and capacity for this tick-
borne pathogen. Reservoir competence and reservoir capacity may be examined in a series of 
laboratory and field observations, respectively. We have evaluated the reservoir status of three 
species of dormice (Matuschka et al. 1994, 1999; Richter et al. 2004b, 2011) and summarize 
this information to compare their relative contribution to the natural transmission cycle of 
Lyme disease spirochetes.

2. Concept of reservoir competence 
in order to serve as a competent reservoir host for Lyme disease spirochetes, the vertebrate 

must be attractive to vector ticks and must permit repeated feeding (Matuschka & spielman 
1986). this host must be susceptible for tick-borne spirochetes and must maintain them for 
an extended period of time. subsequently, it must become infectious for vector ticks feeding 
on it. each of these requirements is best evaluated in the laboratory under standardized 
experimental conditions. Laboratory-bred animals or animals proven not to be infected by 
spirochetes are exposed to nymphal ticks infected by a known genospecies of Lyme disease 
spirochetes. at defined intervals thereafter, the animals are exposed to non-infected laboratory-
bred larval ticks. Because only the questing stage is responsible for transmission in nature, 
it is recommended to allow these engorged xenodiagnostic larvae to molt to the nymphal 
stage, before examining them for spirochetes or spirochetal Dna by molecular means. the 
infectivity of the host to ticks feeding on them is derived as ratio of infected to non-infected 
ticks. if particular host animals cannot be bred and/or maintained in captivity, larval ticks 
that have naturally attached to and engorged on field-captured animals may be obtained and 
analyzed after their molt, instead of the experimental procedure. Because larval ticks do not 
inherit Lyme disease spirochetes (Matuschka et al. 1998, Richter et al. 2012), larvae that had 
naturally attached in the field may substitute – under certain limitations – as xenodiagnostic 
ticks. naturally attached larval ticks, however, may have acquired Lyme disease spirochetes 
during an interrupted feeding on a previous host and are thus not as reliable as laboratory-
bred larvae. horizontal transmission of Lyme disease spirochetes between vector ticks and 
reservoir hosts may be reproduced experimentally in the laboratory and serves to estimate the 
level of reservoir competence of a host.
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3. Differential reservoir competence of various dormice
We determined the reservoir competence of the three species of dormice present in Germany 

for two genospecies of Lyme disease spirochetes and compared it to that of sympatric rodents. 
in two separate studies, we exposed non-infected rodents to nymphal ticks that were either 
infected by B. spielmanii or by B. afzelii (Matuschka et al. 1994, Richter et al. 2011). the 
identity of the latter genospecies was inferred, because the concept of several genospecies only 
just developed at the time of the study. We now know that the ticks used must have been infected 
by B. afzelii, as this genospecies is most efficiently perpetuated in the tick-jird passage (Richter 
et al. 2004a), we routinely perform. Muscardinus avellanarius, despite their small body size, 
appeared to be the most attractive host to nymphal ticks, because virtually all ticks applied to 
them fed to repletion and were recovered (tab. 1). On common voles, Microtus arvalis (Pallas, 
1778), and house mice, Mus musculus Linnaeus, 1758, about three quarters of the nymphs 
fed successfully. norway rats, Rattus norvegicus (Berkenhout, 1769), E. quercinus and bank 
voles, Myodes glareolus (schreber, 1780), fed about 30 % to 40 % of the nymphs applied to 
them. the attractiveness of edible dormice, Glis glis (Linnaeus, 1766), wood mice, Apodemus 
sylvaticus (Linnaeus, 1758), and yellow-necked mice, Apodemus flavicollis (Melchior, 1834), 
to nymphal ticks differed in these two experiments. Glis glis, A. flavicollis and A. sylvaticus 
supported fewer nymphal ticks in the recent study. two weeks after exposure to infected ticks, 
all B. afzelii infected rodents became highly infectious to xenodiagnostic larvae. if infected by 
B. spielmanii, only E. quercinus and M. musculus infected virtually all feeding larvae, 85 % 
and 95 %, respectively, during that time span. infectivity of these E. quercinus and M. musculus 
declined somewhat over the course of six months, but infectivity of M. avellanarius increased 
substantially. Whereas E. quercinus and M. avellanarius infected by tick-borne B. spielmanii 
served to infect about 60 % or 70 % of the larval ticks feeding on them during half a year post 
infectionem (p.i.), G. glis exposed to the same tick-borne spirochetes appeared not to become 
infectious at all. in contrast, if G. glis had been exposed to tick-borne B. afzelii spirochetes, 
virtually all larvae (95 %) feeding two weeks later acquired these spirochetes. Borrelia afzelii-
infected A. sylvaticus, A. flavicollis, M. glareolus and M. arvalis were similarly infectious to 
larval ticks. however, if A. sylvaticus, A. flavicollis or R. norvegicus were exposed to nymphs 
infected by B. spielmanii, only about a quarter of larvae acquired these spirochetes during 
their blood meal. Whereas E. quercinus and M. avellanarius appear to be the most competent 
reservoir hosts for B. spielmanii of all rodents tested, G. glis appear incompetent for this 
spirochete. Glis glis, however, are highly reservoir-competent for B. afzelii.

4. Concept of reservoir capacity
Reservoir capacity defines the proportion of infected ticks that a reservoir host contributes to 

the natural tick population relative to other hosts. in analogy to the entomological inoculation 
rate, it is also called reservoir inoculation rate. in contrast to reservoir competence, reservoir 
capacity is a value determined in the field and it applies only locally in space and time. the 
abundance of vertebrates serving as hosts to vector ticks should be estimated. their level of 
infestation with subadult vector ticks must be determined. at best, naturally attached ticks are 
permitted to engorge to repletion, because a simple visual inspection of the captured animals 
may underestimate the density, especially that of the small larval ticks; visual inspection is 
impractical and somewhat unreliable for feathered or long-haired hosts. the derived ratio of 
larval to nymphal ticks indicates how frequently this particular host species may come into 
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contact with nymphal ticks potentially providing spirochetal input in relation to larval ticks 
acquiring the infection from them. By analyzing resulting nymphal ticks which developed 
from larvae that had engorged naturally on these hosts, or better even from xenodiagnostic 
larvae, for the presence of spirochetes, the prevalence of infection in the host population may 
be estimated. it is the ratio of hosts that infect at least one larval tick to all hosts analyzed. 
the ratio of infected to non-infected ticks of each infected host provides an estimate of the 
infectivity of this host species to vector ticks. ideally, these parameters are determined for each 
of the host species abundant in the site. an estimate of the reservoir inoculation rate permits 
to compare the reservoir capacities of sympatric host species. it is calculated by multiplying 
the relative density of each host by the relative density of ticks on each host by the relative 
spirochetal prevalence in each host by the relative infectivity of each host and multiplying the 
product by 100. the reservoir capacity, thereby, provides an estimate of the relative importance 
and contribution of these animals for the threat to public health.

Tab. 1  attractiveness for nymphs and infectivity of dormice and various other rodents infected 
 with Borrelia spielmanii or B. afzelii for xenodiagnostic larval ticks.

Rodent Infecting nymphs

Xenodiagnostic larvae or 
resulting nymphs

after 
2 weeks p.i.

cumulative 
~26 weeks p.i.

Species No.
infected 

by 
Borrelia

No. 
permitted 
to attach 

 % 
recovered

No. 
examined

 % 
infected

No. 
examined

 % 
infected

Eliomys 
quercinus 4 spielmanii 64 40.6 40 85.0 320 58.1

Muscardinus 
avellanarius 6 spielmanii 76 96.1 60 20.0 470 69.1

Glis glis 5 spielmanii 127 14.2 50 0.0 190 0.0

Apodemus 
sylvaticus 6 spielmanii 130 24.6 60 21.7 450 26.2

Apodemus 
flavicollis 4 spielmanii 180 7.8 40 12.5 160 20.6

Rattus 
norvegicus 6 spielmanii 72 41.7 60 1.7 396 28.5

Mus 
musculus 4 spielmanii 32 81.3 20 95.0 160 40.0

Glis glis 2 afzelii 20 80.0 40 95.0 nD nD

Apodemus 
sylvaticus 2 afzelii 20 50.0 38 94.7 nD nD

Apodemus 
flavicollis 2 afzelii 20 35.0 31 93.5 nD nD

Myodes 
glareolus 2 afzelii 20 30.0 30 90.0 nD nD

Microtus 
arvalis 2 afzelii 20 75.0 24 87.5 nD nD

experiments with B. spielmanii consisted of multiple xenodiagnoses, results are displayed for two 
weeks and as cumulative value summarized over an approximate 26-week period (Richter et al. 2011).  
experiments with B. afzelii consisted of a single xenodiagnosis two weeks p.i. (Matuschka et al. 1994); 
identity of B. afzelii in these experiments was inferred (see text). 
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5. Reservoir capacity of dormice in two Central European sites
We compared the reservoir capacity of various small mammals in two central european 

sites where dormice were present (Matuschka et al. 1994, 1999). in the Petite camargue 
alsacienne (Pca), France, E. quercinus and A. sylvaticus appeared to be most abundant, with 
4.2 und 4.5 animals per 100 trap nights, respectively, during monthly trapping efforts between 
april and October of 1995 (tab. 2). Only half as many A. flavicollis and few M. glareolus and 
greater white-toothed shrews, Crocidura russula (hermann, 1780), were captured there. in the 
other site, located in kraichtal (kt), southwestern Germany, A. flavicollis and M. glareolus 
were the most abundant small rodents, with 12.3 and 10.9 animals per 100 trap nights, 
respectively, during a trapping session each in september of 1991 and 1992. in comparison, 
about a tenth of G. glis, A. sylvaticus and M. arvalis were captured at the same time. Virtually 
all E. quercinus and all G. glis, 95 % and 100 % respectively, were infested by larval ticks upon 
capture. a mean of 14 or 10 larvae per host fed on these dormice, respectively. the majority of  
A. sylvaticus and A. flavicollis were parasitized by larvae in both sites (between 86 % and 
89 %), but mice captured in the Pca site fed three to four times more larvae (between 12 
and 15 per host) than those in the kt site (between 3 and 4 per host). this difference may 
be influenced by the varying trapping schedules within the tick season. Voles and shrews 
fed fewer larval ticks and fewer animals were tick-infested. Most E. quercinus and virtually 
all G. glis, 70 % and 91 %, were infested by nymphal ticks and a mean of 4.5 or 2 nymphs 
per host fed on them, respectively. nymphs were rarely feeding on the other rodents. For 
every nymph feeding on an E. quercinus or a G. glis, 3 or 5 larvae parasitized it, respectively. 
the small larval-nymphal ratio on dormice indicates that these rodents more frequently come 
into contact with nymphs relative to larvae and may thus more likely encounter a spirochete-
infected nymph. 

Tab. 2  abundance of various small mammals and their infestation densities with larval and 
 nymphal Ixodes ricinus ticks. they  were captured in two central european study sites, 
 Petite camargue alsacienne (Pca), France, and kraichtal (kt), Germany.

Small mammal
Site

Larvae Nymphs
Larvae/ 
nymphSpecies No. No. per 100 

trap nights
mean/ 
host

 % hosts 
infested 

mean/ 
host

 % hosts 
infested 

Eliomys quercinus 63 4.2 Pca 14.3 95.0 4.5 70.0 3
Apodemus sylvaticus 62 4.5 Pca 15.1 89.0 0.3 28.0 50
Apodemus flavicollis 31 2.2 Pca 11.9 86.0 0.0 0.0 ∞
Myodes glareolus 20 1.3 Pca 6.9 75.0 0.1 7.0 69
Crocidura russula 12 0.9 Pca 1.6 60.0 0.0 0.0 ∞
Glis glis 11 1.7 kt 9.8 100.0 2.1 90.9 5
Apodemus sylvaticus 8 1.2 kt 2.9 87.5 0.1 12.5 23
Apodemus flavicollis 59 12.3 kt 3.8 88.1 0.1 8.5 44
Myodes glareolus 60 10.9 kt 1.1 53.3 0.1 8.3 14
Microtus arvalis 5 1.2 kt 0.4 40.0 0.0 - ∞

(Matuschka et al. 1994, 1999)

to compare the prevalence in and the infectivity of these small mammals in our study sites, the 
frequency of spirochetal infection in nymphs resulting from larvae that had attached naturally 
to each of the field-captured animals was determined. Virtually all E. quercinus and G. glis, 
90.5 % and 90.9 %, were infected by Lyme disease spirochetes, infecting at least one of the 
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larvae feeding on them (tab. 3). the spirochetal prevalence in A. sylvaticus, A. flavicollis and 
M. glareolus varied between 20 % and 40 %. too few individuals of C. russula in the Pca 
site and of A. sylvaticus and M. arvalis in the kt site were captured to determine prevalence 
values, none of these animals infected any tick. the infectivity of infected A. flavicollis and 
of infected M. glareolus differed significantly for both sites (Fisher exact test, P < 0.05, for 
each of the species). about three quarters of the larvae (78 %) feeding naturally on infected 
E. quercinus acquired spirochetes and virtually all larvae (95 %) feeding on infected G. glis 
became infected. a subsequent analysis determining the genospecies in ticks parasitizing 
E. quercinus in the Pca site demonstrated that the majority (87 %) of these infected ticks 
harbored B. spielmanii. in contrast, G. glis were most likely infected by B. afzelii, as molecular 
analysis of skin biopsies and stored ticks indicated (data not shown).

Tab. 3  spirochetal prevalence in and infectivity of various small mammals captured in two central 
 european study sites, Petite camargue alsacienne (Pca), France, and kraichtal (kt), Germany.

Small mammals
Site

Spirochetal infection in nymphs derived from 
field-infesting larvae

Species No.  % hosts with ≥ 
nymph infected No. examined  % infected 1 

Eliomys quercinus 2 42 Pca  90.5 231  78.4
Apodemus sylvaticus 24 Pca  29.2 39  38.5
Apodemus flavicollis 12 Pca  41.7 26  53.8
Myodes glareolus 10 Pca  20.0 13  30.8
Crocidura russula 5 Pca    0.0 12   0.0
Glis glis 11 kt 90.9 82  95.1
Apodemus sylvaticus 4 kt   0.0 17   0.0
Apodemus flavicollis 45 kt 26.7 59 27.1
Myodes glareolus 19 kt 42.1 18 72.2
Microtus arvalis 2 kt   0.0 4   0.0

(Matuschka et al. 1994, 1999) 
1 Values derived from infected hosts. 2 Eliomys quercinus appeared to be infected by B. spielmanii and/or 
B. afzelii (Richter et al. 2004b).

to compare the differential reservoir capacity of the rodents in each of the study sites, we 
derived relative values for their abundance, larval infestation density, spirochetal prevalence 
and infectivity and then multiplied these values for each host species. the contribution of 
E. quercinus and G. glis relative to that of A. flavicollis appeared similar in each of the sites 
where these dormice were present (tab. 4). Eliomys quercinus theoretically produced seven 
times as many infected ticks as did A. flavicollis in the Pca site, and G. glis produced five 
times as many infected ticks as did A. flavicollis in the kt site. the relative contribution of 
M. glareolus between the two studies differed by a factor of 10, as more of these animals 
were captured in the kt site than in the Pca site. Because M. glareolus populations vary 
strongly between years and sites, the comparison derived from two studies with different sites 
and trapping schedules may be of little relevance. this difference demonstrates that space 
and time matter when evaluating reservoir capacity. Eliomys quercinus and G. glis efficiently 
contributed infected ticks in both sites, and they likely inoculated different Lyme disease 
spirochetes into the tick population in their respective sites. 
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Tab. 4  Reservoir capacity of various rodents captured in two central european study sites, Petite 
 camargue alsacienne (Pca), France, and kraichtal (kt), Germany. Observed values  
 derive from tables 1 through 3.

Species Site
No. hosts per 

100 trap nights
No. larvae per 

host Prevalence Infectivity of 
infected hosts

Reservoir 
inoculation 
rate (x10 2) 1observed relativ observed relativ observed relativ observed relativ

Eliomys 
quercinus 2 Pca 4.2 0.34 13.3 0.28 0.91 0.50 0.78 0.39 1.82

Apodemus 
sylvaticus Pca 4.5 0.37 16.6 0.34 0.29 0.16 0.39 0.19 0.39

Apodemus 
flavicollis Pca 2.2 0.18 11.4 0.24 0.42 0.23 0.54 0.27 0.26

Myodes 
glareolus Pca 1.3 0.11 6.9 0.14 0.20 0.11 0.31 0.15 0.03

Glis glis kt 1.7 0.07 9.8 0.67 0.91 0.57 0.95 0.49 1.26

Apodemus 
flavicollis kt 12.3 0.49 3.8 0.26 0.27 0.17 0.27 0.14 0.29

Myodes 
glareolus kt 10.9 0.44 1.1 0.08 0.42 0.26 0.72 0.37 0.32

(Matuschka et al. 1994, 1999) 
1 the resulting reservoir inoculation rate represents the product of the relative densities of each potential 
rodent host, the relative feeding densities of larval ticks on these hosts, the relative infectivity to ticks 
of each infected rodent host, and the prevalence of infection in each reservoir population, multiplied by 
100. 2 Eliomys quercinus appeared to be infected by B. spielmanii and/or B. afzelii (Richter et al. 2004b).

When and where larval ticks detach from their hosts may influence the force of transmission 
of Lyme disease spirochetes. in a series of experiments, we determined whether larvae 
detached during day or night hours and which proportion of ticks dropped off dormice while 
they rested in their nest (Matuschka et al. 1994, 1999, Richter et al. 2011). We recorded the 
number of larval ticks detaching from E. quercinus and G. glis in 2hr-intervals. three quarters 
of replete larvae dropped off E. quercinus during daylight hours, and more than 90 % did so 
after a blood meal on G. glis (tab. 5). During that time, dormice generally rest in their nests. 
indeed, we found the vast majority (80 %) or virtually all (94 %) engorged larvae beneath the 
resting chambers of E. quercinus or G. glis, respectively. Larval ticks appeared to drop off 
G. glis in a more nest-associated way than did those detaching from E. quercinus (Fisher exact 
test, p < 0.0001, for either set of experiments). Because the majority of larval ticks engorging 
on E. quercinus and G. glis detach in their hosts’ nests, the likelihood of the resulting nymphs 
to survive and locate a host may be increased considerably.

Tab. 5 time and place of detachment of larval ticks engorging on garden dormice or edible dormice. 

Larvae detached

Rodent species total no.  % during 
daylight hours total no.  % beneath 

resting chamber
Eliomys quercinus 1,249 77.0 879 80.0

Glis glis 406 90.9 441 94.1

(Matuschka et al. 1994, 1999; Richter et al. 2011)
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6. Dormouse-associated Lyme disease spirochete, B. spielmanii
We find that E. quercinus and M. avellanarius maintain a Lyme disease spirochete, 

B. spielmanii, which appears to be exquisitely well adapted to these hosts. in fact, B. spielmanii 
was phenotypically recognized as novel genospecies because of its ecological niche, using 
particular dormice as reservoir hosts (Richter et al. 2004b). First time application of multilocus 
sequence analysis for this group of pathogens subsequently confirmed its delineation also on 
the genotypic level (Richter et al. 2006). under standardized experimental conditions, these 
two dormouse species produce more ticks infected with B. spielmanii than do other sympatric 
rodents (Richter et al. 2011). By inference, sites where numerous questing ticks harbor  
B. spielmanii may be inhabited by E. quercinus or M. avellanarius. On the other hand, it cannot 
be excluded that B. spielmanii is perpetuated by alternative rodent hosts in particular habitats with 
depauperate fauna, such as inner-city parks. it is unknown whether the ranges of E. quercinus 
and M. avellanarius are superimposable with that of B. spielmanii in central europe and where 
the margins of the distribution of B. spielmanii lie. 

7. Dormice and various Lyme disease spirochetes
Whereas E. quercinus and M. avellanarius appear to serve as particularly effective reservoir 

host for B. spielmanii, G. glis appear to be incompetent for this spirochete. after experimental 
exposure to B. spielmanii-infected ticks, G. glis failed to infect any ticks feeding on them. 
Molecular analyses of samples from skin or urinary bladder obtained from wild-captured G. glis 
revealed only B. afzelii (turk et al. 2008, Richter et al. 2011). similarly, experimental exposure 
of G. glis to ticks, which in retrospect were most likely infected by B. afzelii, confirmed their 
reservoir competence for this spirochetal genospecies. in contrast, wild-captured E. quercinus, 
which infected ticks feeding on them with B. afzelii, rarely did so upon re-capture (Richter et al. 
2004b). and E. quercinus experimentally exposed to tick-borne B. afzelii became infectious to 
ticks for only a short duration and appeared resistant to re-infection (non-published observations). 
the differential association of the three dormice species with B. spielmanii and B. afzelii appears 
to reflect their phylogenetic relationship, placing E. quercinus and M. avellanarius more closely 
together (Montelgard et al. 2003, holden 2005, nunome et al. 2007). 

8. Conclusion
Dormice are particularly attractive hosts for subadult vector ticks in central europe. Because 

numerous nymphal ticks feed on a dormouse, it is likely to come into contact with an infected 
tick and receive an infectious inoculum early in its life. if a quarter of questing nymphs harbor 
Lyme disease spirochetes and a dormouse is parasitized by 2 to 4 nymphs at any time, they likely 
receive a spirochetal inoculum on an almost daily basis. Depending on the local genospecies 
mix, a proportion of these inocula likely contain spirochetes adapted to dormice, such as  
B. spielmanii or B. afzelii. in addition, the nest-associated pattern of engorged ticks detaching 
from dormice may assure that even nest-dwelling sucklings come into contact with infected 
ticks. Dormice appear to produce infected ticks throughout their lives. an individual  
M. avellanarius experimentally infected by tick-borne B. spielmanii still infected the majority of 
xenodiagnostic ticks more than three years later (non-published observation). their particularly 
long life expectancy, e.g. a maximum of four to six years for M. avellanarius or an average of 
nine years for G. glis (Pilastro et al. 2003, Juškaitis & Büchner 2010), further enhances their 
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important role as reservoir hosts. Because dormice appear to remain infectious throughout 
their lives and/or are readily re-infected, their presence in a site may establish a stable focus of 
transmission of their associated Lyme disease spirochetes.
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Abstract
Altomiramys (Gliridae, myomiminae) is a very uncommon glirid in the rodent assemblages from the 

lower part of the lower miocene (agenian to ramblian) of the iberian peninsula. only one species, 
Altomiramys daamsi, has been described from localities of ramblian age (loranca-1 and ramblar-1). an 
unpublished second species, Altomiramys aff. daamsi, is mentioned in the locality of cetina de aragón, 
of agenian age. new findings of this genus in the ebro and ribesalbes-alcora basin have allowed to 
expand the time range for this taxon to the later part of the early miocene (aragonian). this increase of 
the material leads to a modification of the diagnosis of the genus.

Keywords: early miocene, iberian peninsula, biostratigraphy

1. Introduction
the diversity of dormice (glirids) in europe during the miocene (23-5.3 ma) reaches 

28 genera, with a maximum in the lower miocene (16.5 ma). at the end of the miocene, 
23 of these genera were extinct (Daams 1999). a strong reduction of diversity came with 
the immigration of the modern cricetids (16.6 ma) and the murids (9.8 ma). the entry of 
these faunas coincided with a dramatic reduction in both number of species and relative 
abundance of the glirids in the rodent assemblages of europe.

Altomiramys Díaz-molina & lópez-martínez, 1979 (Gliridae, myomiminae) is a very 
uncommon endemic glirid in the rodent assemblages from the lower miocene (agenian 
and ramblian mn1-mn3, 23.0-16.6 ma) of the iberian peninsula. so far, only one species, 
Altomiramys daamsi Díaz-molina & lópez-martínez, 1979, has been described from 
localities of this age (loranca-1; agenian, upper part of mn2, 20 ma, Díaz-molina & lópez-
martínez, 1979 and ramblar-1; lower ramblian, lower part of mn3, 19.4-19.9 ma, Daams, 
1989) but an unpublished second species, Altomiramys aff. daamsi (Daams 1974, 1989, 
1999), is mentioned from cetina de aragón, an older site from the early part of the early 
miocene (mn1). therefore, the fossil record of this genus covers the span between mn1 
and the lower part of mn3 (Fig. 1). the remains of Altomiramys are extremely scarce in 
the paleontological record, with only one specimen recorded in its type locality (loranca-1) 
and 10 specimens in ramblar-1. in this paper we describe new remains of this genus from 
the localities of cuesta agujeros-2 (ca-2) and cuesta agujeros-4 (ca-4) (ebro basin), and 
mas de antolino-5 (mab-5, ribesalbes-alcora basin).
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2. Material and methods
2.1. Stratigraphical setting
the non-recurrent compositional and evolutionary changes of the european mammal fauna 

history have been extensively used as a relative-age tool for the continental sediments in which 
they are found (van der meulen et al. 2011). thaler (1966) was the first to propose a modern 
biozonation based on mammals for paleogene and neogene. a comprehensive framework for 
mammal history was provided by the mn zones. this system is based on neogene mammal 
assemblages from europe and north africa (mein 1975, 1979, 1990). according to this system, 
the neogene is divided into seventeen units. it is ideally applicable, independent of regional 
factors or biogeography, and has been widely used during the past decades. since its proposition, 
the mn-system has been used for correlations to different scales. the recognition of the mn 
units in several geographic areas has allowed the establishment of different ages from the mn 
boundaries (see bibliography in van der meulen et al. 2011). many of these proposals have been 
calibrated to the time scale with paleomagnetic and/or radiometric calibrations. For the time 
interval represented in the localities studied in this paper, we will use the calibrations contained 
in larrasoaña et al. (2006), van der meulen et al. (2012) and ruiz-sánchez et al. (in press).

the material from mab-5, ca-2 and ca-4 was collected during paleontological excavations 
carried out in the past five years, using the standard methodology for collecting microvertebrate 
fossils (hibbard 1950, thaler 1966, Freudenthal et al. 1976, Daams & Freudenthal 1988). 
the terminology of dental morphology used to describe the glirid remains is taken from 
Freudenthal (2004) (Fig. 2). the lower case denotes lower teeth, upper case denotes upper 
teeth (m1, m2, m1, m2). the measurements are given in tenths of millimetres, and were 
taken on a leica mz75 binocular microscope by means of displacement of a mechanical stage 
connected to a sony magnescale measuring device.

the tooth of Altomiramys from mab-5 is kept at the mGuV (museu de Geologia de la 
universitat de València) with the acronym mab5-, and the five teeth from locality ca-2 
and one from ca-4 are housed in the Departamento de estratigrafía y paleontología de la 
universidad del país Vasco (upV/ehu) with the acronyms ca2- and ca4-.
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Fig. 1  stratigraphic distribution of Altomiramys daamsi and Altomiramys sp. in different spanish 
 localities through the lower miocene (after Daams 1999 and this paper).
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3. Results 
3.1. Geological setting
the ribesalbes-alcora basin is located in the east of spain (castellón province) and is 

situated in the southern maestrazgo, between the sierra de espadán and fallen blocks of the 
Desierto de las palmas (agustí et al. 1988). the deposits of this basin have been divided into 
five units (a, b, c, D and e) (anadón 1983), and they consist of yellow and grey shales with 
banks of sandstone, dolomite and limestone beds. agustí et al. (1988) in the section of mas de 
antolino, and after that ruiz-sánchez et al. (2010) and Furió et al. (2010) in the section of mas 
de antolino b, both in unit c of anadón (1983), found several assemblages of mammalian 
remains. these localities contain faunal associations of early aragonian age (mn4). one of 
these localities, the rich association from the locality mab-5, contains among other rodents, 
Megacricetodon cf. primitivus (Freudenthal, 1963) and Ligerimys ellipticus Daams, 1976, 
which allow to date this site as early aragonian (mn4) (tab. 1).

on the other hand, the two other localities with Altomiramys remains analyzed in this paper 
are situated in the ebro basin. From the late eocene until the late miocene, this basin was 
an endorrheic depression. in the north-central area of this basin, the tudela Formation has 
been defined, where the localities ca-2 and ca-4 are located. this Formation is composed of 
650 meters of fluvial distal, palustrine and lacustrine sediments, accumulated during the early 
and middle miocene (larrasoaña et al. 2006) and it crops out extensively in the so-called 
bardenas reales of navarra. the fossil sites presented in this work are located in the section of 
cuesta de agujeros (ca-). the presence of Armantomys daamsi (álvarez-sierra et al. 1991) 
in ca-2 and Armantomys cf. jasperi Daams, 1991, in ca-4 allow an age attribution of these 
localities to the late agenian (local zone y, mn2) and late ramblian (local zone a, mn3) 
(ruiz-sánchez et al. in press).

3.2. Systematics
according to the original diagnosis of the genus, Altomiramys is a glirid with upper molars 

with subrounded outline, a low crown and concave occlusal surface. the ridges are thin and 
well-separated, with precentroloph only, which joins the anteroloph in an arch-shaped ridge. the 
labial part of the posteroloph ends free (Díaz-molina & lópez-martínez 1979). 

the material of this genus is very scarce, restricted to one tooth in the type locality, loranca-1, 
four in ramblar-1, and an indeterminate low number of unpublished material in cetina de 
aragón; to this now should be added five teeth in ca-2, one in ca-4 and another one in mab-5.

Fig. 2  nomenclature of parts of the cheek teeth, adapted after Freudenthal (2004).
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Tab. 1  Faunal list of the site mab-5 (ruiz-sánchez et al. 2010, Furió et al. 2010).

Faunal list of MAB-5
order rodentia

Family Gliridae
Glirudinus cf. modestus
Microdyromys sp.
Simplomys cf. julii
Altomiramys sp.

Family cricetidae
Megacricetodon cf. primitivus
Democricetodon/Fahlbuschia sp.

Family eomyidae
Ligerimys ellipticus

Family sciuridae
sciuridae indet.

order insectivora
insectivora indet.

Family Dimylidae
Plesiodimylus sp.

infraclass metatheria
 Family herpetotheriidae

Amphiperatherium frequens               

Fig. 3  Altomiramys sp. from mas de antolino-5 (mab-5). m2 dext. (mab-5-14). scale: 600 µm.
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order:   rodentia bodwich, 1821
Family:  Gliridae muirhead, 1819
subfamily:  myomiminae Daams, 1981
attributed genera: Miodyromys Kretzoi, 1943, Prodryomys mayr, 1979, Myomimus ognev, 

1924, Peridyromys stehlin & schaub, 1951, Pseudodryomys (emended diagnosis by García-
paredes et al., 2009), Ramys García-moreno & lópez-martínez, 1986, Simplomys García-
paredes et al., 2009, Plesiodyromys Werner, 1994 and Vasseuromys baudelot & De bonis, 1966.

Genus Altomiramys: Díaz-molina & lópez-martínez, 1979

Emended diagnosis
a glirid with low-crowned molars and concave occlusal surface. the ridges are thin and 

well-separated. the upper molars have precentroloph and/or postcentroloph. the presence of 
extra ridges in the upper and lower molars is variable. the labial portion of the posteroloph 
ends free. there is no continuous endoloph.

Differential diagnosis
the genus Altomiramys differs from other miocene low-crowned myomininae in: wide 

valleys, thin and slanting ridges; it differs from Myomimus, Peridyromys, Pseudodryomys, 
Ramys and Vasseuromys in: the complexity of dental pattern; it differs from Simplomys in: upper 
molars with more rounded outline and anterior valley that extends along the lingual border to 
the protocone; it differs from Peridyromys in: the metalophid reaching the metaconid; it differs 
from Plesiodyromys in: sharper edges, not reduced central structures and lack of the cingulum.

Altomiramys sp.
locality:  mas de antolino 5 (mab-5)
material:  1 m2 (mab-5-14, Fig. 3; size in tab. 2)
Description: the only specimen of Altomiramys sp. from mab-5 is an m2 which has 

an anteroloph that ends below the protocone at the lingual border, disconnected from the 
protocone. the precentroloph is labially connected to the base of the paracone, extending 
almost halfway into the central valley. the postcentroloph is longer than the precentroloph, 
and parallel to this ridge, ending near the protocone. the metaloph and protoloph join at the 
lingual border. the posteroloph is connected to the protocone at the lingual border and labially 
not connected to the metacone.

locality:  cuesta agujeros 4 (ca-4)
material:  1 m2 (ca-4-1/3, Fig. 4F; size in tab. 2)
Description: this very scarce material is described in ruiz-sánchez et al. (in press). the 

tooth from ca-4 has narrow and well-separated ridges, with a long anteroloph, not connected 
to the protocone. the anteroloph and protoloph are connected to the paracone. a long 
precentroloph and a short-medium postcentroloph are present. between precentroloph and 
protoloph a short prototrope is present.

Altomiramys aff. daamsi Díaz-Molina & López-Martínez, 1979
locality:  cuesta agujeros 2 (ca-2)
material:  2 m1 (ca-2-1/26 Fig. 4a, ca-2-1/27, Fig. 4b), 1 m2 (ca-2-1/25, Fig. 4c)  

  and 2 m1 (ca-2-1/21, Fig. 4D, ca-2-1/22, Fig 4e); sizes in table 2.
Description: Five teeth are described in ruiz-sánchez et al. (in press) from this site. the 

lower molars have a low crown, narrow crests and broad valleys, with a long anterolophid, 
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Fig. 4  Altomiramys aff. daamsi from cuesta agujeros-2 (ca-2). A: m1 dext. (ca-2-1/26); 
 B: m1 dext. (ca-2-1/27); C: m2 dext. (ca-2-1/25); D: m1 dext. (ca-2-1/21); E: m1 sin. 
 (ca-2-1/22). Altomiramys sp. from cuesta agujeros-4 (ca-4). F: m2 dext. (ca-4-1/3). 
 scale: 1 mm. after ruiz-sánchez et al. (in press).

Tab. 2  measurements of the teeth of Altomiramys from loranca-1 (Díaz-molina & lópez-
 martínez 1979), ramblar 1 (Daams 1989), ca-2 and ca4 (ruiz-sánchez et al. in press)  
 and mab-5 (this paper).

Locality Element
Lenght Width

n Min. Mean Max n Min Max Mean
MAB-5 m2 1 - 13.0 - 1 - 16.7 -

CA-4 m2 0 - - - 1 - 14.9 -

Ramblar-1

p4 2 9.3 9.6 9.9 2 10.9 11.1 11.4

m1 2 13.2 13.3 13.4 2 14.9 14.9 15.0

m2 3 13.8 14.1 14.5 3 15.3 16 16.7

m1 1 - 14.1 - 1 - 11.9 -

m2 1 - 14.1 - 1 - 13.1 -

m3 1 - 11.4 - 1 - 10.4 -

Loranca-1 m2 1 - 15.4 - 1 - 17.4 -

CA-2

m1 2 12.5 12.5 12.5 1 - 13.4 -

m1 2 12.1 12.9 13.8 1 12.7 13.1 13.4

m2 1 - 13.7 - 1 - 13.9 -
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which may be connected to the protoconid. in 1 out of 2 m1 a posterotropid (Fig. 4a), and a 
short posterior spur in the middle of the mesolophid (Fig. 4b) are present. the upper molars 
have an anteroloph, which is isolated from the protocone and a precentroloph connected to the 
paracone. protoloph and metaloph are connected, forming an oblique y.

4. Discussion
the very scarce material from the type locality, loranca-1, impedes to know the variability 

of the diagnostic features of the genus. the study of the Altomiramys material from ramblar-1 
(Daams 1989) and the readscription of Pseudodryomys simplicidens (Simplomys simplicidens 
in García-paredes et al. 2009) from cetina de aragón to Altomiramys aff. daamsi (Daams, 
1989), allow to know its variability better.

the general shape of the teeth (upper molars with rounded outline; low crown, concave 
occlusal surface, ridges thin and well-separated) is very similar in all assemblages (loranca-1, 
ramblar-1, ca-2, ca-4, cetina de aragón and mab-5). however, the presence of a unique 
precentroloph, as mentioned in the original diagnosis, is variable. thus, the postcentroloph is 
absent in the only tooth from the type locality, loranca-1, in 1 out of 2 m2 from ramblar-1, 
in the only complete m1 from ca-2, and in all (37) specimens adscribed to A. aff. daamsi in 
cetina de aragón (Daams 1989).

the size of the material from ca-2 (mn2) is somewhat smaller than the material described by 
Daams (1989) from ramblar-1 (tab. 2). the specimens from ca-2 show some morphological 
features, different from those of the type locality: development of a short posterior spur in the 
middle of the mesolophid (Fig. 4b) in 1 out of 2 m1, and the presence in 1 out of 2 m1 of a 
posterotropid (Fig. 4a).

in cetina de aragón have been cited P. ibericus and P. simplicidens (Altomiramys aff. 
daamsi sensu Daams, 1989). among the m1 of glirids from cetina de aragón, 15 out of 65 
specimens lack extra ridges, another 15 have only a posterotropid and 35 have anterotropid 
and posterotropid. on the other hand, in cetina de aragón, 21 out of 91 m2 lack extra ridges, 
44 have only a posterotropid, and 26 have anterotropid and posterotropid. according to 
García-paredes et al. (2009), S. simplicidens lacks extra ridges. the absence of lower molars 
in the type locality of A. daamsi impedes to know the variability of this and other characters 
in the lower molars.

the general shape of the tooth from ca-4 (mn3) allows to adscribe this fragment to the 
genus Altomiramys. the precentroloph in the specimen from ca-4 is larger than in those 
from loranca-1 and ramblar-1. the presence of a short prototrope (Fig. 4F) is similar to that 
described in 1 out of 3 m2 from ramblar 1.

the tooth of Altomiramys sp. from mab-5 (mn4) is smaller than A. daamsi from the type 
locality, loranca-1, and similar to the material from ramblar-1 (tab. 2). the most striking 
feature of the m2 of Altomiramys from mab-5 is the presence of two centrolophs, of which 
the postcentroloph is longer than the precentroloph. as has been remarked before, the 
postcentroloph is absent in the type locality loranca-1 (one tooth) and in only 23 % of m1.2 
from cetina de aragón and 1 out of 2 m2 from ramblar-1.

5. Conclusions
a scarce material of Altomiramys has been found in the localities ca‐2, ca‐4 (ebro basin) 

and mab‐5 (ribesalbes‐alcora basin). the presence of Armantomys daamsi suggests a late 
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agenian age (upper part of mn2) for ca-2; Armantomys cf. jasperi gives a late ramblian age 
(upper part of mn3) for ca-4 , and mab-5 is attributed an early aragonian age (mn4) because 
of the presence of Megacricetodon cf. primitivus and Ligerimys ellipticus. these new findings 
allow to extend the record of the genus Altomiramys until the early aragonian (mn4).

the new findings of Altomiramys in the ribesalbes-alcora and ebro basins, allow a better 
knowledge of the metrical and morphological variability of this genus. Whereas the general 
shape, characterized by upper molars with subrounded outline, low crown, concave occlusal 
surface and thin and well-separated ridges, is constant in all assemblages from mn2 until mn4, 
the presence and development of the precentroloph and postcentroloph is more variable than 
stated in the diagnosis of the genus. While in the type locality, loranca-1, (with only one tooth), 
the precentroloph is the only centroloph in the trigone, in the assemblages from cetina de aragón 
(mn2), ramblar-1, ca-4 (mn3), and mab-5 (mn4), the postcentroloph may also be present. 
in the same way, and despite the absence of lower molars in the type locality, loranca-1, in the 
oldest assemblages of the genus Altomiramys (ca-2), the posterotropid may be present too.

therefore, the diagnosis of the genus Altomiramys has been modified, including the possible 
presence of a postcentroloph in the upper molars and of a posterotropid in the lower molars.
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Abstract 
this study describes the phylogeographic history of the common dormouse, Muscardinus 

avellanarius, a rodent strictly protected in europe (habitat directive, annex iv; Bern convention, 
annex iii). We analyzed the genetics of 120 common dormice across the species’ range, using sequence 
data from the mitochondrial cytochrome b gene (704 pb). the dataset obtained was analyzed using 
different phylogenetic reconstructions as well as other methods adapted to phylogeography. A complex 
phylogeographic pattern has been retrieved from the mitochondrial dnA gene, with the presence of two 
highly divergent lineages. these two lineages are themselves subdivided into five sublineages, which 
should be regarded as independent conservation units. low genetic diversity was observed within each 
of the lineages, in contrast to an important level of genetic differentiation between them. these results 
have important implications for the conservation of this dormouse and will help to propose the best 
management measures for this species.

Keywords: cytochrome b, glacial refugia, conservation genetic

1. Introduction
Sharp biological conservation of mammals or other terrestrial vertebrates in europe needs 

detailed data on the phylogeography, genetic diversity, structure of present populations, as 
well as on the dynamics of past populations (randi 2003). the detection of a phylogeographic 
structure is important as it helps in identifying long-term isolated populations that might have 
distinct gene pools and local adaptations, thus orienting concrete conservation actions aimed 
at avoiding outbreeding and gene pool disruption. Across the Paleartic, phylogeographic 
structures are generally associated with the Quaternary climatic oscillations, as they have 
played a major role in shaping the present geographical distribution of the species and their 
genetic diversity (Avise 2000). Populations were repeatedly isolated in different refugia, 
during glacial peaks, leading to various re-colonization patterns when the climate improved 
(Bilton et al. 1998, taberlet et al. 1998, Schmitt 2007, castiglia et al. 2009). Most of the 
studies have indicated that southern europe, Asia Minor and the caucasus acted as glacial 
refugia for taxa that are now widespread in europe (hewitt 2000), although some species also 
persisted in more northern refugia (Kotlik et al. 2006).

Gliridae are one of the most ancient rodent families, emerging in the eocene (between 
54–37 Mya) (nadachoswki & daoud 1995). Most of the 28 species contained in the family 
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Gliridae (holden 2005) are now regarded as rare or endangered, attracting conservation-
related research and active habitat management to support their survival (Morris 2003). So, 
the conservation concern for the common dormouse, Muscardinus avellanarius, makes it an 
excellent candidate for such a study. the common dormouse is strictly protected as it has 
declined in numbers and distribution in several countries (e.g. the netherlands, denmark 
and the uK) due to its complex biological requirements hampered by habitat deterioration 
and fragmentation (foppen et al. 2002, vilhelmsen 2003, Bright et al. 2006). A recent 
genetic study in england concluded that combination of localised breeding, high sites fidelity 
in females and short range dispersal in males could contribute to the formation of genetic 
structuring at a small spatial scale in common dormouse (naim et al. 2011). however, despite 
the increasing interest for the common dormouse, we are far from having a good knowledge 
of the phylogeographic pattern of this species in europe. the aim of this study is therefore to 
examine the phylogeography of the common dormouse in europe.

2. Material and methods
A total of 120 tissue samples from M. avellanarius spread throughout the species’ range 

were analyzed (fig. 1, tab. 1). the specimens (road-killed and live trapped animals) were 
obtained by the authors and their field collaborators (see the Acknowledgements). tissues 
and hairs were preserved in 96 % ethanol until dnA extraction. An additional sequence from 
Switzerland was downloaded from the GenBank database (Bentz & Montgelard 1999). 

Fig. 1  Geographical distribution of the Muscardinus avellanarius in europe and proximate 
 location of the sampled populations. the shaded zone corresponds to the distribution area of  
 the species. different symbols refer to lineages in fig. 2 and in the tabs 2, 3 (  = West 
 european sub-lineage,  = italian sub-lineage,  = turkish specimen,  = central north 
 european sub-lineage,  = Balkans sub-lineage).
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Tab. 1  Map references, geographic locations, corresponding sublineages, haplotypes  and GenBank 
 accession numbers of Muscardinus avellanarius haplotypes used in this study. 

Geographic origin Sub 
lineages

Total 
numbers 

of animals
Haplotypes

Genbank 
accession 
number

Hazel dormouse (Muscardinus avellanarius)

Macedonia Mt. Galičica Balkans 5 hap01, 04, 05
fn796753 
fn796756 
fn796757

Popova Šapka Balkans 1 hap05 fn796757

Mt. Pelister Balkans 1 hap05

Serbia Mt. cer Balkans 1 hap05

Slovenia Mt Krim Balkans 2 hap03, 05 fn796755
Pogorelec  

Mt. Kocevski rog Balkans 1 hap02 fn796754

lithuania Šakiai district central north 16 hap06, 07,08, 09
fn796758 
fn796759 
fn796760 
fn796761

latvia central north 3 hap11, 12,13
fn796763 
fn796764 
fn796765

czech republic central north 2 hap 16 fn796768

Slovakia central north 6 hap 15, 36 fn796767 
he799313

Poland central north 2 hap10, 15 fn796762 
fn796767

Germany Saxony central north 3 hap06, 14,18
fn796758 
fn796766 
fn796770 

turkey Mt.ulu dag turkish 1 hap17 fn796769

Switzerland canton de vaud West 
european 6 hap19 fn796771

(Bentz & 
Montgelard 1999 )

West 
european 1 hap22 AJ225117*

france normandie West 
european 2 hap20 fn796772

South of france West 
european 2 hap 37 he799314

Belgium voeren West 
european 16 hap21 fn796773

italy tevere farfa (lazio) italian 1 hap23 fn796774
castel di Guido 

(lazio) italian 13 hap24, 27 fn796775 
fn796776 

Arcinazzo romano 
(lazio) italian 1 hap24 fn796775 

viterbo (lazio) italian 4 hap24, 26, 28 fn796777 
fn796779
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total dnA was extracted using the dneasy tissue kit (Qiagen inc.,valencia, cA, uSA) 
following the manufacturer’s instructions. A fragment of 704 bp was sequenced from 
cytochrome b (cyt b) of the mitochondrial dnA gene (mtdnA). Pcr amplifications were 
carried out using primers designed by Andrea Grill specifically for M. avellanarius, modified 
from Bentz & Montgelard (1999): lMA14255, 5′-tGGtGGAAtttcGGttctct-3′; 
rMA15192, 5′-GttGGcctccAAttcAtGtt-3′. in order to recover the degraded material, 
two further internal specific primers were designed by fragment alignment: MuScAr_
rintern, 5′-AAGGtGAActAttActAGGGc-3′, combined with lMA14255 and 
MuScAr_lintern, 5’-AccctAGtAGAAtGAAtctGA-3, combined with rMA15192. 
the dnA extraction and amplification methods are detailed in Mouton et al. (2012). 

Phylogenetic trees were reconstructed for the phylogeographic purposes using two 
probabilistic approaches: the maximum likelihood method (Ml) and Bayesian inferences 
(Bi) as described in Mouton et al. (2012). A median joining network was performed with 
netWorK v4.5.1.6. (Bandelt et al. 1999) to explore the relationships among the haplotypes 
of the dataset. haplotype (h) and nucleotide (p) diversities (nei 1987), and their standard 

Tab. 1  (see previos page)

Geographic 
origin Sub lineages

Total 
numbers 

of animals
Haplotypes

Genbank 
accession 
number

filettino (lazio) italian 1 hap25 fn796776
castelporziano 

(lazio) italian 12 hap24, 27,28

Perugia (umbria) italian 2 hap24

calabria italian 1 hap29 fn796780

cosenza (calabria) italian 1 hap29
catena costiera 

(calabria) italian 1 hap29

high Madonie 
(Sicily) italian 4 hap30, 32, 33

fn796781 
fn796783 
fn796784

low Madonie 
(Sicily) italian 2 hap31, 32 fn796782 

fn796783 
OUTGROUPS

Garden dormouse (Eliomys quercinus)
                            (Bentz & Montgelard 1999) 1 AJ225030*
                            (Bentz & Montgelard 1999) 1 fM16427*

1 fr848958

1 fr848957

Asian Garden dormouse (Eliomys melanurus)
1 fr848955

1 fr848956

Edible dormouse (Glis glis)
(hürner et. al. 2010) 1 fM16065*
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deviations (tajima 1989) were calculated in dnASP v5 (librado & rozas 2009). the net 
distance between groups and average distances within groups were calculated in MeGA 4 
(tamura et al. 2007). relative rate tests and an approximate time of divergence between the 
observed mtdnA lineages were calculated as detailed in Mouton et al. (2012).

3. Results
A total of 35 haplotypes was identified among the 120 samples. the phylogenetic tree (fig. 2)  

and the Median Joining network (data not shown) gave similar results and indicated that the 
haplotypes clustered into 2 lineages. 

the first lineage (hereafter lineage 1) split into two well-supported sublineages, the first of 
which encompassed individuals from Western europe (Belgium, Switzerland, and france), 
whereas the second encompassed all the haplotypes from italy. lineage 2 includes populations 

Fig. 2  Maximum-likelihood tree for the 35 haplotypes of Muscardinus avellanarius. numbers 
 indicated on the branches correspond to bootstrap support obtained in the Ml analysis (left)  
 and Bayesian probabilities (right). haplotypes origins are indicated in table 1.
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from central northern europe (lithuania, Germany, latvia, czech republic, Slovakia), from 
the Balkan Peninsula (Slovenia, Serbia, Macedonia) and turkey. further substructuring is 
poorly evident for this major second lineage. however, the Balkan sublineage is well supported 
and may hold a sister position to that of the population from central north europe. 

the values of the haplotype and nucleotide diversities are summarized in table 2 and 
generally indicate a very low level of diversity in both lineage 1 and 2. the highest nucleotide 
diversities were found in the Balkan and the italian sublineages, with average Pi values of 
0.0067 and 0.0066 respectively.

Tab. 2  Summary of haplotypes (hd) and nucleotide diversity (Pi), and their standard deviations, 
 observed within the main genetic groups of Muscardinus avellanarius.

Sample size (n) Pi ± SD Hd ± SD

All 120 0.055 ± 0.001 0.912 ± 0.013

Lineage 2 50 0.014 ± 0.002 0.0004 ± 0.046

Balkans 11 0.0067 ± 0.003 0.491 ± 0.175

central north europe 38 0.003 ± 0.0004 0.742 ± 0.079

turkey 1 / /

Lineage 1 70 0.025 ± 0.001 0.093 ± 0.028

Western europe 31 0.002 ± 0.0005 0.553 ± 0.093

italy 39 0.0066 ± 0.001 0.733 ± 0.001

the net genetic distance between lineage 1 and lineage 2 (9 %) and among all the 
sublineages is very high (tab. 3) and corresponds to a high differentiation among the lineages. 
the approximate time of divergence between lineage 1 and lineage 2 is around 10 Mya. the 
split between the Western and italian sublineages and between the Balkan and the central 
north sublineages should have taken place around 3.3 Mya.

Tab. 3  Percent of cytochrome b net genetic distance (nGd) between lineages.

Sample size 
(n)

Balkans Central North 
Europe

Western 
Europe Italy

nGd nGd nGd nGd
A 1 120 / / / /

Lineage 2 50 / / / /

Balkans 11 / 3 9.1 9.2

central north europe 38 3 / / 9.2

turkey 1 / / / /

Lineage 1 70 / / / /

Western europe 31 / 9 / /

italy 39 / / 3.4 /
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4. Discussion
As already observed in a previous genetic study of the common dormouse (Mouton 

et al. 2012), our mtdnA study gives evidence for the presence of two highly divergent 
genetic lineages for M. avellanarius within europe. lineage 1 is spread within Western 
europe and italy and lineage 2 in central europe, in the Balkan Peninsula and in turkey. 
the genetic divergence (9 %) between these two lineages is important and falls within the 
range of inter-specific cyt b distances observed in mammals in general, and in Glirinae in 
particular (divergence between the garden dormouse, Eliomys quercinus and the Asian garden 
dormouse, E. melanurus = 7.2 %). furthermore, these two lineages are subdivided into five 
sublineages that are genetically isolated, with a strong geographical association. According 
to our estimations of divergence time, lineages 1 and 2 were separated 10 Mya, whereas the 
different sublineages diverged around 3.3 Mya. these dates correlate with important periods 
of climatic and faunal changes in europe. indeed, the late Miocene (11 Mya - 5 Mya) has 
been an important period for the diversification of european mammals such as moles, Talpa 
spp. (colangelo et al. 2010), european hedgehog, Erinaceus europaeus and the northern 
White-breasted hedgehog, Erinaceus roumanicus (Santucci et al. 1998), and the eastern and 
western clade of the red deer Cervus elaphus (ludt et al. 2004). 

later, the important climatic oscillations characterizing the late Pliocene and the Quaternary 
led to the appearance of the five different M. avellanarius sublineages.

the high level of genetic diversity in the Balkan Peninsula, and in italy, strongly suggests 
that these regions were refugia for M. avellanarius during the Quaternary glaciations. 
however, the high level of endemism of the Balkan and italian sublineages would suggest that 
these populations did not contribute to postglacial recolonization of central northern europe 
and Western europe, respectively. our results rather suggest that the modern populations 
of M. avellanarius from Western europe and central northern europe might derive from 
populations that surviving outside the traditionally accepted refugia, namely the carpathian 
region as occuring for several other species (Seddon et al. 2002, deffontaine et al. 2005, Kotlik 
et al. 2006). however, this hypothesis waits to be confirmed by a more extensive sampling in 
the Balkan Peninsula, in eastern and central northern europe. 

the high genetic divergences observed among all the lineages and sublineages, as well as 
the estimation of the ancient divergence times among them, tend to suggest a low dispersal 
of the common dormouse population across europe. however, this hypothesis has to be 
confirmed by additional molecular markers and a more complete sampling. finally, a recent 
phylogeographic study on the edible dormouse (Glis glis) (hürner et al. 2010) revealed a 
totally different phylogeographic pattern. indeed, this species is characterized by great genetic 
homogeneity in europe and very low genetic diversity in the Mediterranean Peninsulas. the 
study of the phylogeographic structure of the garden dormouse is in progress by our team 
and seems to give another original pattern. A phylogeographic study on the forest dormouse 
(Dryomys nitedula) would be also interesting in order to compare its genetic structures with 
the other european Gliridae. however, no genetic information is available for this species.

the use of comparative phylogeographic approaches, will allow us to better understand 
why these closely related species seem to have reacted so differently to past environmental 
changes. these results will also help to propose adequate conservation measures for these rare 
and often endangered species. 
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Morphological approach to the genetic variability of the common 
dormouse Muscardinus avellanarius 
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rimvydas Juškaitis & georgi markov

Abstract
the common dormouse Muscardinus avellanarius is assumed to be threatened by the decrease of 

genetic variability and lower developmental stability as a possible consequence of habitat loss and 
woodland fragmentation. to gain more insight into the population genetics of the common dormouse, 
130 specimens from six populations from the czech republic, germany and lithuania were investigated. 
the epigenetic variability within and the epigenetic distance between these populations as well as their 
fluctuating asymmetry were studied by using 31 non-metric skull characters.

the epigenetic variability iev = 0.19 of the common dormouse was higher than those of other rodent 
species. it showed only small differences between populations except upper lusatia (germany). the 
epigenetic divergences of mmd = 0 to 0.28 between the common dormouse populations were mainly 
significant but did not correlated with geographic distance. the degree of fluctuating asymmetry between 
populations (from 0.03 to 0.13) was lower than in other small mammal species which does not give any 
indication of reduced developmental stability. thus the sample populations of the common dormouse 
seem to be genetically viable populations.

Keywords: Population genetics, non-metric characters, epigenetic distance, fluctuating 
asymmetry

1. Introduction
the common dormouse Muscardinus avellanarius is a threatened species in the western parts 

of europe, the main reasons being habitat loss and woodland fragmentation (Juškaitis & Büchner 
2010, morris 2011). this arboreal woodland species especially suffers from habitat fragmentation 
and habitat loss. Possible consequences of population isolation such as genetic isolation and 
bottleneck effects could lead to a loss of genetic variability and reduced developmental stability, 
which, together with demographic stoschasticity can result in local extinctions (ansorge & 
stubbe 1995, naim et al. 2009). although the genetic variability and relationships of common 
dormouse populations have hardly been investigated, an assessment of microsatellite dna 
variability of common dormice from Wales shows high levels of heterozygosity and no evidence 
of genetic depression (naim et al. 2009). on the other hand, the mitochondrial phylogeography 
of the common dormouse based on mitochondrial dna retrieved highly divergent lineages with 
low genetic diversity within each of them (mouton et al. 2012).

to advance knowledge on the population genetics of the common dormouse morphological 
investigations of non-metric skeletal characters offer an opportunity to utilize for genetic 
studies the mammalian skulls kept in museum collections (ansorge 2001, ansorge et al. 2009). 
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non-metric characters are discontinuous variants in different parts of the skeleton. their 
appearance results mainly from basic genetic control and they are independent of growth and 
direct external environmental influences qualifying them as morphological genetic markers 
(Bauchau 1988). therefore they are suitable to assess genetic variability and divergence 
among populations (sjøvold 1977).

the method of assessing population genetics by the use of non-metric characters is used here 
for the study of epigenetic variability in common dormice from different regions. this represents 
the first report on non-metric skull characters for this species.

2. Material and methods
a total of 130 dormouse skulls from six populations (Fig. 1) were investigated. they are 

from the collections of the authors and from the senckenberg museum of natural History 
Frankfurt, and the institute of Biology of the university of Halle. most material came from 
germany (n = 77), among them 32 specimens from Hesse, 20 specimens from upper lusatia 
(saxony), 15 specimens from schleswig-Holstein and 10 from thuringia. Furthermore 28 
investigated specimens originate from the czech republic and 25 from lithuania.

the epigenetic variability was studied by using 31 non-metric skull characters – 24 foraminal 
traits and 7 ossification characters (Fig. 2):

1 (oif) – os interfrontale present, 2 (of) – ossa frontalia parted/divided, 3 (Fonf) – fontanella 
frontale present, 4 (Ff) – foramen frontale present, 5 (aoip) – accessory os interparietale 
present, 6 (aoifp) – accessory os interfrontal-parietale present, 7 (Fpro) – foramen praeorbitale 
double, 8 (Ffr) – foramen frontale double, 9 (Ffra) – foramen frontale anterior present, 
10 (Ffrp) – foramen frontale posterior present, 11 (Fsqu) – foramen squamosum present, 
12 (Fmaxi) – foramen maxillare i present, 13 (Fmaxii) – foramen maxillare ii present,  
14 (Fmaxp) – foramen maxillare posterior present, 15 (aFopt) – accessory foramen opticum, 
16 (Fimaxm) – foramen intermaxillare major present, 17 (Fimaxl) – foramen intermaxillare 
laterale presentm, 18 (Fpalm) – foramen palatinum majus double, 19 (Fpalmp) – foramen 

Fig. 1 common dormouse sample areas: 1: germany, 1A: schleswig-Holstein, 1B: Hesse, 
 1C: thuringia, 1D: upper lusatia, 2: czech republic, 3: lithuania. 
 Black background on the right-hand insert shows tentative distribution area of the  
 common dormouse.
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palatinum major posterior present, 20 (Fsphm) – foramen sphenoidale medium present,  
21 (Fsphlv) – foramen sphenoidale laterale ventrale present, 22 (Fbo) – foramen 
basioccipitale present, 23 (Fhyp) – foramen hypoglossi double, 24 (Fov) – foramen 
ovale double, 25 (Fovo) – foramen ovale open, 26 (aFov) – accessory foramen ovale 
present, 27 (Ffl) – fenestra flocculi present, 28 (Fcond) – foramina condylaria present,  
29 (aFm) – accessory foramen mentale present, 30 (Fpsm) – foramen pseudomentale 
present, 31 (Fmand) – foramen mandibulare double.

Fig. 2  Position of 31 non-metric characters in the common dormouse skull (drawings by 
 F. müller, Fulda).
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the skull characters were selected in this study for the first time based on their frequency 
and variability shown by earlier studies (markov 2003) on the forest dormouse (Dryomys 
nitedula) and other rodents (Berry 1963, kryštufek 1990, vasilev et. al. 1999, uhlíková 2004). 
the bilateral characters were registered separately on both sides of the skull.

the specimens of all samples were divided into two age classes: juvenile (incomplete 
teeth eruption or no tooth wear) and adult (noticeable tooth wear) to evaluate the potential 
dependence of the non-metric character expression on normal growth. sex was scored from 
the specimen labels.

the frequencies of the character expressions were analysed for their homogeneity in age 
and sex using a χ²-test at a significance level of p = 0.05 (Weber 1980).

the characters occur with different frequencies resulting in single variability of every 
character. the variability of the population was presented by the mean variability of all single 
characters of the sample. the degree of the epigenetic variability iev for a population sample 
was calculated according to smith (1981):

iev = 
50%n

F50%
1

n

 1i
i

⋅

−
−
∑ =

 
where: n = number of characters, Fi = frequency of the ith character.
the degree of epigenetic distance was calculated by the widely applied and preferred ‘mean 

measure of divergence’ (mmd) derived from the mahalanobis-distances (sjøvold 1977):

       
where: r = number of traits, n = sample size, p = frequency of traits, Θ = arcsin (1–2p),  

 vi = 1 / n1 + 1 / n2

the standard deviation (smmd) of the mmd indicated statistical significance at the level of 
p = 0.05 to be mmd > 2 smmd.

all six populations were compared with each other by mmd calculations. clustering of the 
mmd matrix was performed by the unweighted pair group method with arithmetic average 
algorith (uPgma) using ntsys-pc (rohlf 1994).

the correlation between the genetic divergence and the geographic distance of the samples 
was tested using a mantel test (sokal & rohlf 1995).

Furthermore, the fluctuating asymmetry of the non-metric characters was used to measure 
the developmental stability (ansorge 2001). Fluctuating asymmetry is a non-directional 
difference in the expression of the same characters of the right and the left side of the 
skull. it is attributed to developmental noise during ontogenesis, such as climatic extremes, 
chemical or radioactive contamination as well as parasitism (siegel & doyle 1975, leamy 
1997). Furthermore, effects of genetic stress such as hybridisation or inbreeding can cause 
fluctuating asymmetry (Parsons 1990). all in all, a higher degree of asymmetry suggests lower 
developmental stability and lower fitness.

at first the frequencies of every character were tested between right and left sides using a 
Wilcoxon sign test (Weber 1980) to exclude directional asymmetry. the degree of fluctuating 
asymmetry (Fa) is defined as the relation of the number of asymmetric occurrences of a single 
character to the sample size. the unscaled mean of all characters results in the degree of 
asymmetry of the population (Palmer & strobeck 1986).
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3. Results
initial checking of the chosen non-metric characters for the homogeneity in age and sex 

revealed no significant age or sex dependence. For all 31 characters the χ²-test adduced values 
from χ² = 0 to χ² = 3.4 (p > 0.05). therefore all traits were used in the further analyses.

epigenetic variability of the pooled sample of all the common dormouse populations was 
Iev = 0.19. variability between the populations showed only small differences except for a 
sample from upper lusatia (tab. 1). it did not indicate any geographical trend.

Tab. 1  epigenetic variability iev of the common dormouse samples.

Epigenetic variability Iev

Czech Republic (CZ) 0.21
Lithuania (LT) 0.19
Upper Lusatia (D) 0.30
Thuringia (D) 0.16
Hesse (D) 0.15
Schleswig-Holstein (D) 0.15

the epigenetic distances between dormouse populations were generally low from mmd = 0 
to mmd = 0.28. the majority of pairwise comparisons retrieved statistically significant 
differences, except between thuringia and Hesse and schleswig-Holstein (tab. 2). the 
computed unweighted pair-group average dendrogram (uPgma) of the mmd distances (Fig. 2)  
has a cophenetic correlation of 0.70 with the original mmd matrix. the mmd values did not 
correlate with geographic distances (mantel test, g = 0.47, p = 0.41), because lithuania at the 
northern edge of the species´ area does not differ distinctly from the czech and the lusatian 
populations (Fig. 3). in addition, the czech republic and lithuania form one cluster with 
the difference of only mmd = 0.08 between them. the neighbouring Hesse and thuringia 
populations show no difference in mmd and were also very similar to a sample from the more 
distant schleswig-Holstein.

Tab. 2  mean measures of divergence (mmd) between the common dormouse populations in the 
 upper matrix (asterisks indicate statistical significance) and their standard deviations in the  
 lower matrix.

CZ LT UL THU HES SH
Czech Republic (CZ) 0.08* 0.13* 0.20* 0.17* 0.28*
Lithuania (LT) 0.04 0.18* 0.11* 0.12* 0.23*
Upper Lusatia (D) 0.04 0.02 0.15* 0.25* 0.23*
Thuringia (D) 0.06 0.04 0.04 0.0 0.09
Hesse (D) 0.04 0.01 0.02 0.04 0.11
Schleswig-Holstein (D) 0.09 0.07 0.08 0.09 0.07

the asymmetry relations of the bilateral characters showed that directional asymmetry 
is excluded and fluctuating asymmetry can be assumed (Wilcoxon sign test, u = -0.114, 
α = 0.46). the degree of fluctuating asymmetry in six population samples varied from 
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iev = 0.06 to iev = 0.13, therefore showing a variable interpopulation pattern from very low 
to medium level (tab. 3). dormice from Hesse were the least asymmetrical followed closely 
by the samples from thuringia, schleswig-Holstein, lithuania and the czech republic. the 
outlying position of dormice from upper lusatia in their epigenetic variability is repeated 
with respect to their asymmetry.

4. Discussion
the analysis of the variability by the use of non-metric traits has become more and 

more attractive to investigate conservation problems, e.g. genetic isolation and inbreeding 
in endangered species (e.g. Baranov et al. 1997, Pertoldi et al. 2000). many populations of 
the common dormouse in central europe show low population densities, and especially in 
isolated woodland fragments the species is widely considered to suffer from genetic isolation 
(morris 2011). as a useful tool to evaluate the potential genetic depression the degree of 
epigenetic variability iev has been recorded for several small mammal populations, e.g. the 
forest dormouse  from Bulgaria and Hungary (iev = 0.08 to iev = 0.07, markov 2003, markov 
et al. 2006), the wood mouse Apodemus sylvaticus from Bulgaria (iev = 0.13, markov & 
chassovnikarova 1999), the house mouse Mus musculus from the czech republic (iev = 0.12, 
lazarová 1999), the bank vole Clethrionomys glareolus from austria (iev = 0.19, spitzenberger 

Tab. 3  Fluctuating asymmetry Fa (%) in the common dormouse samples.

Fluctuating asymmetry FA (%)
Czech Republic (CZ) 0.08
Lithuania (LT) 0.06
Upper Lusatia (D) 0.13
Thuringia (D) 0.05
Hesse (D) 0.03
Schleswig-Holstein (D) 0.06

Fig. 3  unweighted pair-group average (uPgma) dendrogram of epigenetic differentiation 
 between populations based on the mean measure of divergence (mmd) of the common  
 dormouse.
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et al. 1999), the common vole Microtus arvalis from the czech republic (iev = 0.15, uhlíková 
2004) and the mole Talpa europaea from germany (iev = 0.34, ansorge 1994). However, 
surprisingly the epigenetic variability of the common dormouse of iev = 0.19 is not only well 
within the normal range but mostly higher than in the other rodent species, including the forest 
dormouse. this means that the present study found no evidence of genetic depression by 
reproductive isolation for the common dormouse. depleted genetic variation was suggested 
for the forest dormouse with a degree of epigenetic variability lower than 0.1 (markov 2003, 
markov et al. 2006). surprisingly, only the mole is more highly variable, being also a small 
mammal species with reduced possibilities of migration and gene flow.

the epigenetic variability of the common dormouse shows only small differences between 
the populations except upper lusatia and all the others. Higher variability of the upper 
lusatia population possibly reflects a formerly more extensive and contiguous distribution 
of the common dormouse in this region (Herr 1942) before the extensive landscape changes 
– including degradation and fragmentation – during the last 50 years.

the high epigenetic variability retrieved in this study is in agreement with a microsatellite 
dna study of common dormice from Wales showing high heterozygosity (Ho = 0.79, 
He = 0.73) and a large number of alleles per locus (na = 6–17) (naim et al. 2009).

the epigenetic distances between the common dormouse populations are within the bottom 
half of the levels obtained from other small mammal species (e.g. kryštufek 1990, ansorge 
1994, lazarová 1999, markov 2003, uhlíková 2004) corresponding to the high variability in 
the common dormouse populations. the population from lithuania at the northern edge of 
its area might be very different from the other populations because of the large geographic 
distance. But these divergences do not correlate with geographic distance nor do most of 
the other values in table 2. this possibly results from the very low ability of the common 
dormouse to disperse, also shown by uhlíková (2004) in common voles. the mitochondrial 
phylogeography of the common dormouse recorded two main lineages (mouton et al. 2012). 
this confirms the epigenetic results presented here because all of the mmd values indicate 
divergences within the same central–northern european phylogeographic lineage .

non-directional deviations from bilateral symmetry of the non-metric traits – fluctuating 
asymmetry – can be used to measure developmental stability which is influenced by different 
kinds of general environmental or genetic stress (ansorge 2001, Zachos et al. 2007). therefore, 
the different cause of fluctuating asymmetry opens up a wide range of subjective explanations 
and interpretations. thus, fluctuating asymmetry is suitable to serve only as an integrative 
measure of developmental stability (Palmer & strobeck 1986). 

Fluctuating asymmetry of non-metric traits in different small mammal species was found to 
vary from Fa = 0.14 to Fa = 0.44 (lazarová 1999, vasilev 2005). the majority of characters 
used by the authors corresponds to the present study. nevertheless, in the common dormouse 
the degree of asymmetry is much lower (Fa = 0.03–0.13) than in the other small mammal 
species and does not give any indication of reduced developmental stability.

nevertheless, the higher value of the population from upper lusatia in the epigenetic 
variability is repeated in the higher degree of asymmetry (tab. 3). such remarkable differences 
in fluctuating asymmetry between the populations could be interpreted as being caused by 
different general environmental disturbances. But there are obviously no major differences 
in the general habitat quality of the regions studied. this shows that the interpretation of 
fluctuating asymmetry should be treated very cautiously.

taken together, there is no evidence of genetic depression by reproductive isolation in the 
populations studied, nor is there any indication of reduced developmental stability.
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