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Abstract:  Geographical variation and intraspecific taxonomy of forest dormouse (Dryomys nitedula) has not yet been
investigated adequately, and its population epigenetic uniqueness and the status of many subspecies require
clarification. To advance knowledge on the interspecies variety of forest dormouse, we studied the epigenetic
cranial polymorphism in eight forest dormouse populations located along a transect line from Central Ana-
tolia region to Central Southeast Europe and inhabiting an area of suspected different subspecies taxa. Our
results indicate that the mapping of the population epigenetic diversity of forest dormouse within the area
of the classically described subspecies manifested some overlaps of their epigenetic distances with the geo-
graphic remoteness between them. The revealed pattern of population epigenetic diversity in the investigated
territories of the classically described subspecies of the forest dormouse expands the knowledge of the spe-
cies diversity in its range. These highlights of the intraspecific taxonomy of D. nifedula need to be examined
in a future large-scale study of its population differentiation and uniqueness of several subspecies.
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Introduction

The forest dormouse, Dryomys nitedula (Pallas,
1778) occurs from Western Europe across Asia
Minor and Caucasus and reaches to Central Russia
and Central Asia. In this extensive area, the species
is rare in many parts of its native range, especially
in Western Europe and Russia (BATSAIKHAN et al.
2008). However, due to its ecological adaptability
(AraPETYANTZ 1983), the species is locally common
in some south-eastern areas and its population seems
to have stable abundance in South-eastern part of
Balkan Peninsula (KrySTUrEk 1999). Geographical
variation and intraspecific taxonomy of the forest
dormouse has not yet been investigated adequately,

and the status of many subspecies requires clarifica-
tion. This taxonomic uncertainty in the majority of
the populations is determined by the typically high
degree of colour variations of the upper side of the
body and the tail, by the presence of spots on the
forehead, throat, chest, behind the ears, and by the
colouration of the lower side of the body (OGNEV
1947), external marks that are too often used to de-
scribe subspecies within D. nitedula in its extensive
Palaearctic range.

Epigenetic modifications are considered impor-
tant for understanding the uniqueness of the popula-
tions and are crucial for their phenotypic diversifica-
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tion. The morphological investigations of non-metric
skeletal characters offer an opportunity to use mam-
mal skulls kept in museum collections for epigenetic
studies (ANsORGE 2001, ANSORGE et al. 2009). The
assessment of non-metric skeleton characters as a
morphological tool has been applied for the analy-
sis of population differentiation in a large number of
mammal species, including humans, rodents, mus-
telids, pinnipeds and small cetaceans (for details, see
BaucHau 1988, TRIMBLE & PRADERI 2008).

A study revealing the polymorphism expressed
through nonmetric characters (i.e., coded by dis-
crete states and also known as qualitative traits)
may contribute to advance the knowledge on the
interspecies variety of forest dormouse based on
classically described by colorimetric exterior signs
subspecies(OGNEV 1947) and to establish the popu-
lation epigenetic structure of the species. Therefore,
these characters are suitable to assess genetic vari-
ability and divergence among populations because
they are exposed to minimum selection pressure
(SigvoLp 1977).

In the study of forest dormouse populations
from geographic regions covering a significant part
of the species geographical range, we have adopted
the classical definition of the taxonomic category
“subspecies” as a particular type within a species,
the members of which are different in some clear
ways from those of other types of the species. The
establishment of epigenetic characterisation of dif-
ferent geographical forest dormouse populations
would assist in decision-making for the presence of
distinguishable subspecies taxa in the research area.

Using the craniological non-metric characters,
we expect to: (i) explore the geographic populations
of the forest dormouse in a long distance transect
in Eurasia in view of the evaluation of their epige-
netic characteristics versus the previously described
subspecies taxa and (ii) to establish their epigenetic
uniqueness for clarifying the guidelines for its popu-
lation conservation in the investigated area.

Materials and Methods

The epigenetic cranial polymorphism was studied in
eight forest dormouse populations located at transect
from Central Anatolia region to Central Southeast
Europe. Seven populations inhabit typical for spe-
cies forest habitat in hilly and mountainous areas
and one population inhabits artificial forest shel-
terbelts in plain agroecosystems. One is located in
Central Anatolia region in Turkey (POP 1, N=43),
six population are located in South-eastern part of
Balkan Peninsula: POP 2 unites the individuals in-
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habiting South-eastern Trace in European Turkey
(N=25); POP 3 inhabits wooded hills in South-
eastern Bulgaria (N=21); POP 4 inhabits wooded
hills in North-eastern Bulgaria (N=11); POP 5 in-
habits artificial forest shelterbelts in plain agroeco-
systems (N=78); POP 6 inhabits mountain forest ar-
eas in Stara Planina (Central Balkan) (N=23); POP 7
inhabits mountain forest areas in Vitosha Mountain
(N=20), and one population (POP 8) is located in
Central Southeastern Europe and consists of indi-
viduals inhabiting wooded hills near to the town
Godolo, Hungary (N=23) (Fig. 1).

The specimens of POP 1 and POP 2 were stored
in the collection of the Department of Biology,
Faculty of Science, University of Ankara, Turkey; the
specimens of POP 3—7 were kept in the work collec-
tion in the Institute of Biodiversity and Ecosystem
Research, Bulgarian Academy of Sciences, Sofia, and
the skulls used for epigenetic characterization of for-
est dormouse of POP 8 were from the collection of the
National Museum of Natural History in Budapest.

Along the studied transect, the variability of
non-metric traits was studied on the skulls of 244
specimens of the forest dormouse. The occurrence
of 10 cranial traits, representing orifices of nerves
and blood vessels, was scored on the skull left side
as shown in Table 1. These traits were selected from
those proposed by BEerry (1963, 1968), BErrY &
SEARLE (1963) and HepGEes (1969) for description of
the cranial epigenetic polymorphism in rodents.

Results

In spite of the absence of sexual and age dimor-
phism in the studied non-metric cranial characters in
rodents, the independent appearance of the features
studied in males and females as well as in juvenile
and adult individuals from the same locality was ex-
amined by applying the y>-test at a significance level
of p=0.05 to determine whether there are significant
differences among sexes and age groups. The proved
absence of sexual and age dependence in the studied
characters permitted to pool the specimens of both
sexes and age groups into one sample. These pooled
population samples were subject of the study of the
intraspecific epigenetic polymorphism of the forest
dormouse in Central and South-eastern Europe and
Anatolian Peninsula.

The epigenetic variability (Vi) (after SmitH
1981) and the mean measure of divergence (MMD)
(after SsovorLp 1973) were computed based on the
observed frequency distribution of the studied 10
epigenetic characters. The Measure of uniqueness
(MU) was calculated after BErry (1963) for each
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sample as the sum of its epigenetic distances from
the other samples. The interpopulation epigenetic
detachment was graphically presented using the
cluster (UPGMA) analysis of the statistical package
StaTisTICA FOR WINDOWS (1993).

Epigenetic variability of the pooled sample of all
the forest dormouse populations was Vi=0.0962. The
established epigenetic variability of the studied popu-
lations varied from Vi = 0.051 realized in the POP 1 to
Vi=0.199 implemented in POP 3 (Fig. 2a).

Populations POP 1, POP 2, POP 3, POP 7 and
POP 8 have lower epigenetic variability than the av-
erage value established of the pooled sample of all
forest dormouse populations in the region, while in
populations POP 4, POP 5 and POP 6 it was higher.

Fig. 1.Geographical location of the studied populations of
forest dormouse (D. nitedula) inhabiting Central Anatolia
region in Turkey (1 — POP 1), Southeastern part of Balkan
Peninsula: (2 — POP 2; 3 —POP 3; 4 —POP 4; 5 — POP 5;
6 - POP 6; 7—POP 7) and Central South-eastern Europe
(8 —POP8)
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Statistical analysis of the calculated inter-popu-
lation epigenetic distances between all the compared
populations established some populations with sta-
tistically insignificant epigenetic distances to the
others. At the same time, the values of the epigenetic
distances among the remaining populations were of
various magnitudes and were statistically significant
(Table 2).

Comparative evaluation of the population epi-
genetic uniqueness (MU), based on the found popu-
lation epigenetic polymorphism of forest dormouse
from investigated area revealed the well-expressed
cranial epigenetic uniqueness of the studied popula-
tions (Fig 2b).

The average epigenetic uniqueness of pooled
sample of all the investigated forest dormouse popu-
lations was MU = 3.451. The values of the epigenetic
uniqueness of individual populations were within the
range from MU = 4.694 realized in POP 1 to MU =
2.105 realized in POP 6. Populations POP 1, POP 2,
POP 5 and POP 7 have epigenetic uniqueness higher
than the average for the species in the region, while
populations POP 3, POP 4 and POP 8 have lower
than average value established for the species in the
research area.

The average epigenetic variation of the
European and Asiatic populations was Vi = 0.1024
and Vi = 0.053, respectively, differing by 52%. The
Asiatic population demonstrates also a high value of
the population uniqueness, MU = 4.695. The highest
difference of epigenetic variability of forest dormice
among the European populations — 52% was found
between POP 5, the population with the highest
epigenetic uniqueness among the European popula-
tions, and POP 2 — two populations, which are not
very distant geographically.

Plot of MU

MU

Fig. 2.Cranial epigenetic variability (2a) and uniqueness (2b) of forest dormouse (D. nitedula) populations inhabiting
Central Anatolia region in Turkey (1 — POP 1), South-eastern part of Balkan Peninsula: (2 — POP 2; 3 — POP 3; 4 — POP
4;5-POP 5; 6 — POP6; 7 — POP7) and Central South-east Europe (8 — POP 8)
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Table 1. The observed skull traits, their evaluated status and frequency distribution in the forest dormouse (Dryomys nitedula) within populations inhabiting in Central part of

Anatolian Peninsula (POP 1), South-eastern part of Balkan Peninsula (POP 2-7) and Central South-eastern Europe (POP 8)
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The established degree of dissimilarity between
epigenetically studied geographic populations of
Forest dormouse, determined through comparison of
epigenetic distances between them, show the picture
of their epigenetic differentiation based on the Mean
measure of divergence (MMD) (Fig.3).

The computed unweighted pair-group average
dendrogram (UPGMA) of the MMD distances spec-
ifies that the population POP 5 from the central part
of the species” area in Bulgaria differ distinctly from
the other Bulgarian populations. The population
POP 8 from Central South-eastern Europe form one
cluster with the remaining populations of the Balkan
Peninsula, situated on the territory of Bulgaria. A
pronounced correlation was found between the geo-
graphic remoteness and the epigenetic distances of
the neighbouring Bulgarian populations POP 3, POP
4, POP 6 and POP 7, which did not show significant
differences in MMD (Fig. 3).

Discussion

The results of this study demonstrate that the char-
acterization of the skull of the forest dormouse by
nonmetric cranial characters gives an opportunity to
assess genetic variability and divergence among its
populations. They did agree with the conclusion of
SigvoLp (1977) and Anzorae (2001) that qualitative
traits coded by discrete states are suitable to assess
genetic variability and divergence among mamma-
lian populations.

The results obtained from the comparative
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Fig. 3.Relative cranial epigenetic degree of dissimilarity
between populations of the forest dormouse (D. nitedula)
inhabiting Central Anatolia region in Turkey (1- POP_1),
South-eastern part of Balkan Peninsula: (2 — POP 2; 3 —
POP 3;4—-POP4;5—-POPS5; 6-POP 6; 7—POP 7) and
Central Southeast Europe (8 — POP 8) based on their mean
measure of divergence (MMD). The topographical popu-
lation’s locations in the study area are shown in Fig. 1
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Table 2.Mean measures of divergence (MMD) between the forest dormouse populations inhabiting Central Anatolia
region in Turkey (POP 1), South-eastern part of Balkan Peninsula: (POP 2-7) and Central South-eastern Europe (POP
8). The asterisks indicate statistical significance and ». s. s. Indicates that the value is not statistically significant at the

level of p=0.05

POP No POP 2 POP 3 POP 4 POP_5 POP_6 POP_7 POP_8
POP 1 n.s.s. 0.708* 0911* 0.870* 0.669* 1.005%* 0.488*
POP 2 0.489* 0.829* 0.719* 0.511* 0.860* 0.452*
POP 3 n.s.s. 0.757* n.s. s. n. s. s. 0.254%*
POP 4 0.488* n. s. s. n. s. s. 0.364*
POP 5 0,516* 0,791* 0.637*
POP 6 n. s. s. 0.276%*
POP 7 0.441*

analysis of epigenetic variation and uniqueness of
forest dormouse did not indicate a strong geographi-
cal trend in their expression in the research area.
They rather reflect the mosaic manifestation of the
uniqueness of the studied populations located in re-
search geographic transect from theCentral part of
Anatolian Peninsula, across South-eastern part of
Balkan Peninsula to Central South-eastern Europe.

Too often, the features used to describe a new
subspecies in forest dormouse were not bound with
the characteristics reflecting the actual biological
diversity of species that has led to description of too
many not well-defined subspecies taxa. The slight
colour variations over the distribution range of D.
nitedula in Anatolian Peninsula and adjacent terri-
tories led to assignation of a number of subspecies,
e.g.: from Eastern Turkey — D. n. pictus (BLANFORD
1875), from Greece — D. n. wingei (NEHRING 1902),
from Western Turkey — D. n. phrygius (THOMAS
1907), from Bulgaria— D. n. robustus (MiLLER 1910)
and from Armenia — D. n. tichormirovi (SATUNIN
1920) (for details seeYI1GIT et al. 2003, KRYJBTUFEK
& VOHRALIK 1994, KrYSTUFEK & VOHARLIK 2005).

The mapping of the population epigenetic di-
versity of the forest dormouse within the area of the
classically described subspecies manifested some
overlapping of their epigenetic distances with geo-
graphic remoteness between them.

This degree of overlapping is strongly expressed
for the Bulgarian populations, which except for popu-
lation POP_5, showed a pronounced epigenetic sim-
ilarity between them.Strongly expressed epigenetic
differentiation of the population POP_5 is probably
bound to its origin and its subsequent development
in an artificially created habitat. Population POP_5
inhabits a man-made shelter forest belt and loses its
connection with the natural habitats of the species in
the region due to degradation of forest plantations
that connect the forest belt with surrounding forests.
Population POP_5 remains isolated in an atypical

habitat representing an intensely cultivated agricul-
tural ecosystem.

Unlike well expressed degree of similar-
ity between epigenetic and geographic distances in
Bulgarian populations, the populations from Central
Anatolia and European part of Turkey, which ac-
cording to the classical notions of interspecies taxo-
nomic differentiation of forest dormouse belong to
different subspecies, did not manifest any reliable
statistical difference in their craniological epigenetic
determination.

The population of Central South eastern Europe
POP_8, inhabiting forested hills, located in agricul-
tural region, showed a specific epigenetic determina-
tion but by its epigenetic characteristics it remains
more strongly associated with populations of South-
eastern part of Balkan Peninsula than the population
of Anatolian Peninsula.

Established picture of the population epigenetic
diversity in the territories of the classically described
subspecies taxa of forest dormouse expands the
knowledge on the realization of the species diver-
sity in its geographical range. It highlights the need
to conduct future large-scale study of its population
differentiation and uniqueness of several subspe-
cies. Conducting future taxonomic revisions of the
described subspecies diversity would probably lead
to changes in the intra-species structure of the for-
est dormouse that could lead to a reduction in actual
subspecies taxa (GrRoMov & ErBAEVA 1995).

In addition to strictly taxonomic and biogeo-
graphic consequences, determining the population
uniqueness of the forest dormouse contributes to
conservation of its biological diversity. In the same
time, the epigenetic modifications are considered
important to advance the understanding of the popu-
lation uniqueness and are crucial for the phenotypic
diversification. An important step in managing the
conservation of the species biodiversity is to define
its unique populations, because each one of them re-
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quires evaluation and treatment as a separate unit.
Our study is the first to explore population biodi-
versity of the forest dormouse over large distances.
The future studies on population genetic diversity of
the forest dormouse in Palearctic should cover even
more extended area and should be complemented
with an assessment of genetic diversity using DNA
molecular markers and an examination of the filo-
geographic relations between subspecies taxa. This
would make the picture of the actual genetic and
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