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Abstract The edible dormouse (Glis glis) from Stolowe
Mountains National Park (south-western Poland) was studied
to reveal the genetic diversity of dormice living in the Polish
Sudetes. Material (hair with roots) collected from 39 individ-
uals (adults and juveniles) was used for genetic testing to
perform population analyses. Molecular study involved two
types of markers: nuclear DNA (11 microsatellite sequences)
and mitochondrial DNA (fragment of cytochrome b of ap-
proximately 700 bp in length). Low genetic variability of the
studied population was found. Two of the microsatellite loci
proved to be completely monomorphic, whereas the degree of
polymorphism of other microsatellites was also unexpectedly
low. Only two haplotypes were found among all 39 individ-
uals. Low genetic diversity of dormice from the Polish
Sudetes, determined by genotyping of nuclear molecular
markers, may be the consequence of fragmentation of this
species’ population. Dormouse sites in Poland have been de-
clining for decades due to deforestation and fragmentation of
old forests. Therefore, dormice live in small populations in
isolated habitats with increasing levels of homozygosity.
Other possible causes of low genetic variability of G. glis
are discussed as well.
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Introduction

The edible dormouse Glis glis, an arboreal rodent of the fam-
ily Gliridae, is a widespread mammal throughout most of
Europe. In Poland, as a rare animal threatened by extinction,
G. glis is a protected species. It is generally more abundant in
the southern and eastern parts of the country, whereas dor-
mouse sites in the remaining regions, particularly in central
and northern Poland, are sparse (Pucek and Jurczyszyn 2001;
Jurczyszyn 2015). In many sites, environmentally isolated
populations with no gene flow between one population to
another are found (Jurczyszyn 1996; Bartmańska et al. 2010;
Trzop and Moska 2013). Isolation leading, among others, to a
decrease in heterozygosity may result in their extinction.
According to the historic data, this mammal disappeared dur-
ing a period of more than a hundred years from a number of
Polish sites, including almost all located in north-western
Poland (Pucek 1983; Jurczyszyn and Wołk 1998; Jurczyszyn
2001). Improper forest management, which has been carried
out in the country for decades, is considered a main cause of
this state. It is well known that tree-dependent species that
rarely venture to the ground are highly sensitive to forest frag-
mentation. Low genetic variability of the edible dormouse
resulting from habitat fragmentation was found by Fietz
et al. (2014). Also, Taylor et al. (2011) who studied the squir-
rel glider (Petaurus norfolcensis), a nocturnal arboreal mam-
mal living in Australia, reported its low genetic variability
caused by habitat fragmentation and destruction.

Scarce genetic studies of G. glis, based on an analysis of
nuclear and mitochondrial DNA, indicate very low genetic
diversity in this species (Dabert et al. 2009; Segelbacher
et al. 2010; Hürner et al. 2010; Lo Brutto et al. 2011;
Helvaci et al. 2012; Castiglia et al. 2012; Herdegen et al.
2016). Segelbacher et al. (2010) reported low genetic variation
in one of the German populations of the edible dormouse. The
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authors of the study investigated genetic variability in a sam-
ple of 77 dormice using 10 microsatellite loci. Comparable
results were obtained by Dabert et al. (2009) who revealed
comparatively low genetic variation in dormice populations
in Spain, Belgium, and Poland.

In general, low genetic variability of the European dormice
is also confirmed when using mitochondrial DNA (mtDNA).
The results of the studies taking into account almost 200 dor-
mice sampled across western, middle, and southern Europe
revealed that the main part of Europe harbors a single
mtDNA cytochrome b haplogroup (European haplogroup).
Only Italy, Sicily, Macedonia, and Alonissos (Sporades archi-
pelago, Greece) are inhabited by G. glis belonging to other
haplogroups (South Italian group, Sicilian group) and atypical
haplotypes (Macedonia, Alonissos) (Hürner et al. 2010; Lo
Brutto et al. 2011; Castiglia et al. 2012). The latest studies
carried out in Turkey and Poland confirmed that all analyzed
dormice of these studies (cytochrome b was investigated)
belonged to the European haplogroup (Helvaci et al. 2012;
Herdegen et al. 2016). The authors of all these studies con-
cluded that their genetic analyses evidenced an amazing ho-
mogeneity throughout the Eurasian range of G. glis.

Therefore, besides being extremely important for dor-
mouse habitat conservation activities, there is a need to eluci-
date the genetic diversity reflecting the history of the species
and predicting its future. For this reason, the aim of the study
was to reveal the genetic diversity of dormice living in the
Stolowe Mountains National Park, a small area in the
Sudetes (south-western Poland). Knowledge on genetic struc-
ture of the studied population would be useful when selecting
individuals for the dormouse reintroduction program carried
out in Poland.

Material and methods

The study was conducted in 2013 (from the beginning of
August to the end of October) in the Stolowe Mountains
National Park (SMNP). In total, 39 individuals (18 adults
and 21 juveniles) captured in bird nest boxes set up in three
study sites (Permission No. DOPpn-4102/165/10997/11/RS)
(Fig. 1) were investigated. The distribution of captured dor-
mice among the study sites was as follows: site I—5 individ-
uals, site II—8 individuals, site III—26 individuals. Each in-
dividual was marked with a unique ear tattoo. The capture
procedure used in the study implies that we cannot exclude
the possibility that closely related individuals were also
sampled.

The site was located in a mixed mountain fresh forest, with
a full canopy closure. Age of trees ranged from 35 to
130 years, and the occurring species were beech (Fagus
sylvatica), spruce (Picea abies), larch (Larix polonica), birch
(Betula pendula), sycamore (Acer pseudoplatanus), and ash

(Fraxinus excelsior). Sites II and III were covered by fresh
mountain forest (fertile Sudeten beech forest). Full canopy
closure was present in the site II; age of the trees ranged from
15 to 150 years, and the following species were occurring:
beech, birch, sycamore, maple (A. platanoides), mountain
ash (Sorbus aucuparia), small-leaved lime (Tilia cordata),
white willow (Salix alba), wild cherry (Prunus avium), larch,
scots pine (Pinus sylvestris), pedunculate oak (Quercus
robur). Canopy closure of site III was uneven; age of the trees
ranged from 25 to 200 years, and the species composition was
as follows: beech, spruce, sycamore, ash, aspen (Populus
tremula), scots pine, larch, silver fir (Abies alba), gray alder
(Alnus incana), small-leaved lime, pedunculate oak, wild
cherry, horse-chestnut (Aesculus hippocastanum). Straight-
line distance between the sites was as follows: I-III, ca.
2.5 km, I-II, ca. 1.8 km, II-III, ca. 700 m. The study sites were
connected by forest.

DNA was isolated from hair using Sherlock AX Kit.
Eleven polymorphic autosomal microsatellite loci known in
G. glis served for the analysis of nuclear DNA (Hürner et al.
2009; Dabert et al. 2013). Based on size limitations and am-
plification specificity, we distributed the 10 microsatellites
into three sets: (1) Gg3, Gg9, Gg13, (2) Gg8, Gg12, Gg14,
(3) 23pilch, 24pilch, 30pilch, 36pilch. Only 7pilchwas ampli-
fied separately. Amplification of nuclear DNA fragments was
carried out using QiagenMultiplex PCRKit and its conditions
for each locus were set according to Hürner et al. (2009) and
Dabert et al. (2013). In order to improve the estimation of the
amplification product size, one primer of each pair was la-
beled with a fluorescent dye (FAM, JOE or TAMRA) on the
5′-end, allowing analysis with the use of an ABI 3100 Avant
automated sequencer (Applied Biosystems). The amplified
alleles were scored in GeneMapper 4 (Applied Biosystems).

The analysis of mtDNAwas based on a fragment of cyto-
chrome b, of approximately 700 bp in length. The selected
fragment was amplified using the cytGlis1 primer pair, and
the PCR reaction conditions were consistent with the literature
data (Michaux et al. 2003; Hürner et al. 2010). The resulting
products were sequenced and used for analysis of the cyto-
chrome b haplotypes.

Deviations from Hardy-Weinberg equilibrium (HWE), FIS,
as well as the number of alleles at a given locus were estimated
with Genepop 4.2.1 software (Rousset 2008). False discovery
rate (FDR) was used as a correction for multiple comparison
analysis (Benjamini and Hochberg 1995). Expected and ob-
served heterozygosity for individual loci were calculated using
Arlequin 3.5.1.3 software (Excoffier and Lischer 2010).
Furthermore, to search for large allele dropout and microsatel-
lite scoring errors, we used three different computer programs:
Microchecker 2.2.3 (Van Oosterhout et al. 2004), ML-
NullFreq (Kalinowski and Taper 2006), and Genepop 4.2.1
(Rousset 2008). Population genetic structure was analyzed
with Bayesian approach implemented in Structure v. 2.3.4
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(Pritchard et al. 2000; Falush et al. 2003; Hubisz et al. 2009)
without prior information regarding their sampling localities
(i.e., USEPOPINFO was not specified). We used correlated
allele frequencies with an admixture model, varying K from
1 to 5. Ten replicates for each K with 200,000 burn-ins and
500,000 replicates were used. Delta K method (Evanno et al.
2005) combined with standard prediction of K based on plot-
ted mean ln probability of K (L(K)) was applied to analyze
Structure results. Both plots (Delta K and L(K)) were calculat-
ed using Structure Harvester (Earl and VonHoldt 2012).
Finally, to search for recent population decreases, we used
Bottleneck 1.2.02 (Piry et al. 1999).

Phylogenetic analyses were performed using a data set
formed from 22 aligned sequences (two from this study and
20 retrieved from Genbank (accession numbers are presented
on the tree)) of mitochondrial cytochrome b of the edible
dormouse (713 bp in total). The data were analyzed with max-
imum likelihood (ML) and Bayesian approach (BA) as
partitioned into three codon positions. We used Garli 2.01
(Zwickl 2006) (ML) and MrBayes 3.2 (Ronquist et al. 2012)
(BA) with models F81 + I, GTR, and K80 for the first, second,
and third codon position, respectively, as suggested by
jModelTest 2.1.4 (Guindon and Gascuel 2003; Darriba et al.

2012). The conditions were 15,000,000 MCMC repetitions
with 25 % burn-in for MrBayes and 20 search replicates for
the best tree topology with 1000 bootstrap replicates for Garli
(best tree among 20 search replicates was used as a starting
tree in bootstrap analysis). Analyses in MrBayes were com-
pleted when average standard deviation of split frequencies
was stabilized at a level significantly below 0.01.

Results and discussion

Structure results clearly indicated one genetic cluster as the
most probable number of genetically distinct populations. The
highest L(K) value as well as lowest standard deviation was
found for K = 1. Delta K presented the highest peak for K = 2,
but with this method, it was impossible to indicate K = 1 as
there was no likelihood value for K = 0. As Structure analysis
returned no genetic substructure, all further genetic estimates
were computed treating all individuals as one population.

Of the 11 analyzed loci, two proved to be monomorphic in
all animals tested. The remaining nine displayed a very low
level of polymorphism. In total, 26 alleles were found at 11
autosomal microsatellite loci. The most variable locus

Fig. 1 Map of the Stolowe Mountains National Park with indicated (circles) studied areas and the distribution of Glis glis in Poland (Jurczyszyn 2015)
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(30pilch) had only five alleles (Table 1). The observed hetero-
zygosity (HO) per locus ranged from 0.03 to 0.71 and aver-
aged 0.26 for all loci, whereas expected heterozygosity (HE)
ranged from 0.03 to 0.73 with an average value of 0.26
(Table 1). Estimates delivered by Microchecker and ML-
NullFreq indicated no large allele dropout or microsatellite
scoring errors among all analyzed loci (Microchecker estimat-
ed NAF = 0.00 for all analyzed loci, while ML-NullFreq esti-
mated NAF = 0.00 for all but one locus—Gg3, NAF = 0.25)
and all loci were in HWE after FDR correction. The third
software, Genepop, provided partly different results, detecting
null alleles at five out of the nine loci examined (NAF at four
loci—Gg3,Gg8,Gg9, andGg13was higher than 0.20, where-
as NAF at locus 30pilch reached acceptable level of 0.12). We
found no evidence for a recent bottleneck as allele frequency
distribution estimated with Bottleneck 1.2.02 (Piry et al. 1999)
presented an approximately L-shaped form as expected under
mutation-drift equilibrium and theWilcoxon test results under
S.M.M model were as follows: (i) one tail for H deficiency p
value = 0.10156; (ii) one tail for H excess p value = 0.91797;
(iii) two tails for H excess or deficiency p value = 0.20313.

Only two haplotypes were found among all 39 individuals
analyzed in the present study (GenBank accession numbers
KM061382, KM061383). Both Polish haplotypes revealed in
this study were located in the European haplogroup (EUH),
together with cytb haplotypes from France, UK, Spain, Italy,
and Germany (BA-0.98/ML-0.84) (Fig. 2).

Our results demonstrated very low genetic variability of the
studied population. The degree of polymorphism of nine mi-
crosatellite markers in our study was very low (on average, 2.7
alleles/locus). Regarding the number of alleles at a given lo-
cus, 36pilch marker deserves special attention in our study.
We detected only two different alleles at this locus, whereas
the literature data indicate that this is one of the most poly-
morphic microsatellite markers in the edible dormouse. In

dormice from Croatia (n = 47) and from Poland (n = ca. 370
individuals), Dabert et al. (2013) found at this locus 9 and 12
alleles, respectively.

Literature data indicate that the basic genetic parameters of
the European dormouse population confirm its very low level
of diversity. Low average values ofHO andHE (0.45 and 0.48,
respectively) were observed in the German population
(Segelbacher et al. 2010). The observed and expected hetero-
zygosity obtained by genetic analyses carried out in Spain was
at a similar level (0.47 and 0.53, respectively) (Hürner et al.
2009). These values in the population of the Stolowe
Mountains studied by us were almost two times lower,
reaching the value of 0.26 for both types of heterozygosity.
Our results are closest to the outcomes obtained in Belgium,
where genetic diversity based on six microsatellite loci in 36
dormice reached the level of 0.25 and 0.29 for HO and HE,
respectively (Hürner et al. 2009).

We have excluded a few important causes which could
have led to low genetic variability of the studied population.
First, the population was in HWE and was not inbred. In
general, the majority of European populations ofG. glis show
no deviation fromHWE (Hürner et al. 2009; Segelbacher et al.
2010; Fietz et al. 2014). Second, although we found no evi-
dence for a recent bottleneck as a reason for genetic homoge-
neity of the studied population, Fietz et al. (2014) speculate
that low genetic variability of G. glis in Central Europe could
be a result of a combination of several bottlenecks during the
glacial periods and invasion of only a few individuals that had
colonized Central Europe after the last ice age. Third, NAFs
estimated using Microchecker and ML-NullFreq indicated no
large allele dropout at the examined loci.

Low level of genetic diversity of European population of
G. glis can result from biological characteristics of this spe-
cies: (1) Edible dormice are extreme habitat specialists, pre-
ferring a given type of habitat (deciduous and mixed forests
consisting of European beeches and oaks) (Pucek and
Jurczyszyn 2001). As a result of habitat destruction and
fragmentation isolated, genetically homogeneous
populations have been formed. Fietz et al. (2014) found that
in Germany, dormice inhabiting forest fragments were isolat-
ed from each other and their genetic population structure was
more unstable over the study period that in the large,
continuous forest. Also, Herdegen et al (2016) who studied
G. glis in Poland reported that populations from the most
fragmented region of Poland were characterized by extremely
limited gene flow and low genetic diversity compared to less
fragmented populations. However, according to Amos and
Balmford (2001), the current fragmentation is not immediate-
ly predictive of genetic diversity, most likely because there has
been too little time for genetic drift to have an effect. Thus, it
cannot be unequivocally stated that recent fragmentation of
habitats would have affected genetic variability of dormice;
(2) this species has low dispersal abilities. Its mode of

Table 1 Basic parameters of genetic variability estimated for studied
Glis glis

Locus na HE HO FIS HWE p value

Gg3 2 0.274 0.160 0.422 0.083

Gg8 2 0.083 0.086 −0.030 1.000

Gg9 3 0.321 0.316 0.018 0.323

Gg13 2 0.507 0.556 −0.099 0.707

Gg14 2 0.055 0.056 −0.014 1.000

7 pilch 3 0.092 0.094 −0.022 1.000

24 pilch 3 0.300 0.342 −0.143 1.000

30 pilch 5 0.730 0.711 0.027 0.157

36 pilch 2 0.026 0.026 0.000 –

Average 2.667 0.265 0.261 0.019 –

na number of alleles, HE expected heterozygosity, Ho observed
heterozygosity, FIS inbreeding coefficient.
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movement that involves jumping from tree to tree means that
gaps in tree cover greater than its jumping distance limit its
ability to move between habitat patches when foraging or
dispersing (Taylor et al. 2011). This in turn drastically reduces
gene flow between neighboring but isolated populations, in-
creasing the chances of the next generations being inbred; (3)
the reproduction of G. glis is synchronized with the presence
or absence of beechnuts and/or acorns. In years with a lack of
seeding, beech trees dormice typically stay sexually inactive.
In several free-living dormouse populations, dramatically re-
duced or even absent reproduction under these conditions was
observed (Bieber 1998; Pilastro et al 2003; Fietz et al. 2005).
A proper age and genetic structure of a population requires,
among others, regular breeding. Disruption of this vital pro-
cess may temporarily caused lower genetic variability and
increased inbreeding; (4) finally, one should not exclude the
hypothesis that low genetic variability is typical for G. glis
and, like in some felines (e.g. Lynx pardinus), has been lasting
for a very long time (Rodriguez et al. 2011). This hypothesis
should be verified by comparing fossil-DNA of European
dormice.

In addition, in many cases, historical reasons are responsi-
ble for the very low genetic diversity of a studied species. The
Stolowe Mountains, part of the Sudetes, were colonized by
humans and partly deforested early in history. The reason for
this was the demand for timber and the building of new set-
tlements. Deforestation of this area intensified during the

seventeenth and eighteenth centuries, taking place mainly in
the lower wooded sections covered by deciduous forest
(Staffa 1992). Intensive forest management preferring artifi-
cially introduced spruce led to deciduous forest fragmentation
and substantial reduction of forested areas. At present, 40–80-
year-old spruce forests predominant much of the Stolowe
Mountains (Mikusek 2010). The anthropogenic transforma-
tion of Sudetian forests has had a negative effect on arboreal
mammals. The way forest management is carried out today
(e.g. removal of dead trees with a hollow trunk, new forest
roads and hiking trails, timber harvesting, and transport)
brings some other threats forG. glis. The substantial metamor-
phosis the Stolowe Mountains’ forests have gone through
over the last centuries is likely to be one of the main causes
of low genetic diversity in the studied species. Deforestation
and fragmentation of edible dormouse habitat has hindered or
even prevented contact between neighboring populations.
This may be the reason for the low genetic variability of the
dormouse population from the Stolowe Mountains. At pres-
ent, no study on gene flow among the Sudetian populations of
G. glis has been carried out. However, it is known that in the
neighboring Bystrzyckie Mountains, several dormouse popu-
lations have been found (Bartmańska et al. 2010).
Consequently, this type of genetic analysis could be done
there.

Apart from nuclear markers, we have used a fragment of
mtDNA cytochrome b in genetic analyses. The phylogenetic

Fig. 2 Phylogenetic tree of 22 aligned mitochondrial cytochrome b edible dormouse sequences. Bayesian posterior probabilities (BA) of nodes are
shown above and bootstrap values from maximum likelihood analyses (ML) below
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tree presented in this study revealed three main lineages as it
was previously shown by Hürner et al. (2010) and Castiglia
et al. (2012). Nevertheless, the topology of our tree was slight-
ly different when compared to previous studies (Hürner et al.
2010; Castiglia et al. 2012). European and Italian haplogroups
were closest to each other in the current study. The study by
Castiglia et al. (2012) reported that the Macedonian haplotype
was the closest to the European, whereas Hürner et al. (2010)
claimed that the same Macedonian haplotype was closest to
the Italian haplogroup. However, those relationships are not
well supported in both of these papers. In our study, the hap-
lotype fromMacedonia is basal to all other haplotypes and this
result is highly supported (BA-1). Location of Alonissos hap-
lotype is another topological difference between our results
and the analysis by Castiglia et al. (2012). The study by
Castiglia et al. (2012) found that this haplotype did not cluster
with any other haplotype and probably belonged to a new
mitochondrial lineage. Our results did not support this conclu-
sion. We have demonstrated that the haplotype from
Alonissos island clustered with two haplotypes from Sicily
(BA-0.95/ML-0.82). Variations in the tree topology may be
due to a different methodological approach in tree construc-
tion, as we partitioned our data into three codon positions.
Separate substitution models for subsets created from data
with different evolutionary rates usually produce a better phy-
logeny, as the model is better fitted and systematic error is
reduced (Lanfear et al. 2012).

Although the results of our study on the genetic diversity of
the Stolowe Mountains National Park dormice are of a pre-
liminary nature and presented estimates indicating genetic ho-
mogeneity of the studied population may be slightly
overestimated, they are important for another reason. The dor-
mouse reintroduction program, planned for many years, was
started in Poland in 1997 (Jurczyszyn 2001). It concerns the
restoration of edible dormice to their historical sites in north-
western Poland. While reintroductions carried out so far have
been successful, they point out the need for extending research
on the Polish dormouse population with genetic testing. It
would solve many dilemmas that mammalogists working on
the reintroductions have to face (e.g., selection of individuals
for reintroductions with an appropriate genetic profile, and
avoiding mating of related individuals).
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