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ABSTRACT - A synopsis of cytogenetic studies performed on various species and 
populations of myoxids is presented. Interspecific phylogenetic relationships derived 
from chromosomal data are evaluated and the evolutionary importance of 
intraspecific karyotypic variation is discussed. New data on the karyotypes of 
Dtyomys nifedula from Asia and Muscardinus avellanarius from Europe are 
presented and discussed with special emphasis on the contrasting pattern of 
chromosomal differentiation in Eliornys vs. Dryomys and other myoxids. A 
bibliography of myoxid cytogenetics and karyology is compiled. 
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RIASSUNTO - Variazione cromosomica e sistematica dei Mioxidi - Viene 
presentata una sinossi degli studi citogenetici effettuati su varie specie e popolazioni 
di Mioxidi. Vengono valutate le relazioni filogenetiche interspecifiche derivate da 
dati cromosomici e viene discussa l'importanza evolutiva della variazione cariotipica 
intraspecifica. Vengono presentati nuovi dati sui cariotipi di Dryomys nitedula 
asiatico e di Muscardinus avellanurius europeo e discussi con particolare enfasi sul 
contrastante pattern di differenziamento cromosomico di Eliomys rispetto a Dryornys 
ed altri Mioxidi. Viene compilata una bibliografia su citogenetica e cariologia dei 
Mioxidi. 

Parole chiave: Cariotipo, Variazione cromosomica, Sistematica, Evoluzione, 
Myoxidae. 

INTRODIJCI'ION 

The Old World family Myoxidae Thomas, 1897 is represented by seven extant 
genera and about 16 extant species (Honacki et al., 1982). Several interpretations 
of the evolutionary history and phylogeny of this mammalian group have been 
suggested, based on paleontological or neontological evidence (Thenius, 1969; 
Kratochvil, 1973; Storch, 1995). In spite of certain differences in the detailed 
taxonomic structure of the family, there is common agreement in treating the 
extant myoxid species as relics of old lineages experiencing a recent evolutionary 
retreat. 

The first studies describing the morphology of myoxid karyotypes were 
published as early as the 1930s (Matthey & Renaud, 1937; Renaud, 1938) but most 
of the karyological and cytogenetic data has originated in the past two or three 
decades. The present contribution attempts to summarize the evidence available, to 
evaluate the importance of karyotypic data for systematic studies, and to indicate 
possible perspectives for further research. 
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MATERIAL AND METHODS 

Seven individuals of Muscardinus avellanarius and six individuals of Dryomy.~ 
nitedula were examined and used i n  this study. These animals were collected from 
natural populatioiis i n  the following localities: 
iWuscardinu5 uvellunarius 
1 F; Rila Mts.. Bulgaria, 1980 (leg. V. Vohralik) 
2 F, 4 M; Chernobyl District, Ukraine, 1989 (leg. V. A. Gaichenko) 
Dvyonzys nitedula 
1 F; Pelister, Baba Mts., Macedonia, 1990 (leg. B. KryStufek) 
1 M; Ankavan, Little Caucasus, Armenia, 1990 (leg. D. Frynta) 
1 hl; Kara Elcha, Kopet Dag, Turkmenistan, 1989 (leg. A. Zykin) 
1 F; Sultan Mazar, Painir, Tajikistan, 1981 (leg. B. Kr61) 
1 M; Kalek, Batken District, Kyrghyzstan, 1988 (leg. J .  Cerveny, I. HorhCek) 
1 F; Kanigut Cave, Batken District, Kyrgliyzstan, 1990 (leg. J. Cerveny, 1. 
H oraE ek ) 

The karyotype analysis was carried out directly froin the bone marrow through 
the usual procedure (Ford & Hamerton, 1956). The chromosome slides were 
stained by Giemsa, and G-banding was attained in certain specimens by digestion 
with trypsin following Seabright (1971). 

The individuals examined are preserved as skulls and skins in the collections of 
the Institute of Landscape Ecology AS CR (Brno), the Institute of Zoology. 
Charles University (Prague), the Institute of Zoology, Academy of Sciences . 
(Kiev), and the Slovene Museum of Natural History (Ljubljana). 

KARYOTYI’ES 0 1 :  MYOXIDS 

Karyotypes of nine myoxid species have been examined and described, with the 
diploid numbers of chromosomes ranging from 40 to 70 (Table 1). The African 
species of the genus Gr-aphiurus and the Asian species of Myonzimus are poorly 
known karyologically, i n  contrast to most of the European species, the karyotypes 
of which have been studied in detail in inany localities (Table 2). The karyotypes 
of dormice are characterized by the prevalence of biarmed autosomes including 
usually one or two pairs carrying a prominent secondary constriction. Nucleolar 
organizers were demonstrated in these chromosomal regions i n  certain species 
(Arroyo Noinbela et al., 1982; Filippucci et al., 1985; Filippucci et al., 1988 a; 
Sanchez et al., 1989; VujoSevid et al., 1993). The X chromosome is of the standard 
mammalian size, and the Y chromosome is among the smallest elements of the set 
i n  the myoxid species examined. The C-heterochromatin is represented by faint 
positive bands situated i n  the ceiitromeric regions of several autosomal pairs in 
G1ioiny.s and Dryomys karyotypes. Distinct C-positive bands were found in both 
sex chromosomes of Dryonzys nitedzrla, and a large C-positive block was observed 
i n  the first autosoine of Elionzys. No other intercalary or telomeric C-bands have 
been observed in Dryomys and Elioniys karyotypes (Arroyo Nombela et al., 1982; 
Filippucci et al., 1985, 1988 a; Murariu et al., 1985). U p  to the present, karyotype 
banding studies i n  dormice have been rather exceptional and limited mainly to 
Dryomys and Elionzys species (Faust & Vogel, 1974; Diaz de la Guardia & Ruiz 
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Girela, 1979; Dutrillaux et al., 1979; Arroyo Nombela et al., 1982; Filippucci et 
al., 1985, 1988 a, 1990; Sanchez et al., 1989, 1991; Jimenez et al., 1988; 
Vu.joSevicet al., 1993; Civitelli et al., 1995). In addition, Zima (1987) reported on 
the G-banded karyotype of Muscardinus avellanarius. 

Tab. 1 ~ Recent myoxid spccics of the world and chromosomc diploid numbers (2n) in the spccies 
studied. I,ist ofspecies aftcr Hoiiacki et al. (1982). 

~~ 

SPECIES 2N REFERENCES 

Dryoniys luniger 

Dryorriys ni/ediriu 

E/ronij:y quercrnirs 

E I i ~ i i i j ~ ~  nieiununrs 

Giirulirsja/ioniciis 

Gruplirzrrus crussicarrdatus 

Gruphrzrrirs hue// 

Grupkrzrrirs niirvinirs 

Graphrtrrus ocirlaris 

Gruphrirrirs porvirs 

GruphnrrirJ plutyops 

~Wtrscardrnirs uvrllmuriw 

.?&oninnus personu ius 

Uyoninrius rouchr 

rllj~ornrnius se ix r i  

!wyoxlls giis 

48 

48-54 

46-48 

45 

40 

70 

46 

44 

44 

62 

Tab. 2 

Tab. 2 

Tab. 2 

Tsuchiya (1979) 

Tranier & Dosso (1979) 

Tranier & Gautun (1979) 

Tab 2 

Craphodatsky & Fokrn, 1993 

Civitelli et al (1995) 

Tab. 2 

INTERSPECIFIC KARYOTYPE VARIATION 

Myoxids represent a karyotypically well-differentiated group, and each genus 
and species examined possessed a distinct karyotype. Nevertheless, the karyotypes 
of different species share various common features, such as the large number of 
biarined autosotnes or pronounced secondary constrictions. In spite of this 
similarity, a comparative banding study of Dryon7y.5 and Eliomys revealed few 
apparent homologies, especially between the autosomal pairs of both species 
(Filippucci et al., 1985). If we accept the scheme of the phylogenetic divergence of 
dormice, as suggested by Kratochvil (1973 j and shown in Fig. 1, the plesiomorphic 
features of the myoxid karyotype should include the low diploid number, a large 
autosomal pair shared by Muscardinus and Dryonzys, the metacentric X 
chromosome, and a single secondary constriction. The apomorphic features 
include the high diploid number (found in Myoxusj, the increasing proportion of 
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acrocentric autosomes, the submetacentric X cliro~nosome, and a duplicated 
sec on d arp con strict i on. 

Tab. 2 - Karyotypic data in Dryon~~vs, Eliomys. iLfziscardinus, and Myo,xzls species. 

SAMPLE I.OCAl .NIES 2 N  REFERENCES 

LlI:)~on!,s i7 l ledzl l~~ 

A I ps: S w  tzei-I and 

Carpalhi an M ts. : Konian ia 

Caucasus; 1)aghestan 

Azerbaijan 

I'ollino Massil: Italy 

Czechoslovakia 

Trabzon: Turkey 

Ediriic. Turkey 

l'arvisio: Italy 

Upper (iali lee: Israel 

Uaba Mts : Macedonia 

Litlle Caucasus: Armcnia 

Kopel Dag. 'l'urkmenistan 

Panur: Tajikistan 

Ticn Shan: Kyrghystan 

l~:llo~ll.}~s quercllllrs 

Apennines, Sicily; Italy 

Adriatic Coast: Croatia 

Lipari. .4eolian Islands: Italy 

South of' Iberian Peninsula: Spain 

North of' Iberian Peninsula: Spain 

Pyrenees. Cankibrian Mts Ibcrian Mts.: Spain 

Uolj, Romania 

('orsica: France 

I'olliiio Massif Italy 

Granada; Spain 

Belgium 

Sardinia. llaly 

Fraiicc 

Lyolli France 

Vorarlberg, Austria 

Jura M k . :  France and Switzcrland 

Southern Germany 

48 

48 

48 

48 

48 

48 

48 

48 

48 

48 

48 

48 

48 

48 

48 

48 

48 

48 

48 

48 

48 

48 

48 

48 

48 

50 

50 

50 

50 

50 

50 

50 

Kenaud (1938) 

Raicu et al. (1972) 

Dxuev & Tcntbotova (1980) 

Kuliev (1984) 

Filippucci et a l  (1985) 

Zitna (1987) 

Dograrnaci & Kefelioglu (1990) 

Civitelli et al. (1995) 

Civitclli et al. (1995) 

Civitelli et al. (1995) 

this paper 

this paper 

this paper 

this paper 

this paper 

Cristaldi & Canipari (1976) 

Ddic  (1978) 

Godena et al. ( 1  978) 

Diaz de la Guardia & Kuiz Gircla (1979) 

Diaz de la Guardia & Kuiz Gircla (1979) 

Arroyo Nombela et al (1982) 

Murariu et al. (1985) 

Orsini (1987) 

Filippucci ct al. (1988 a) 

Sanchezet al. (1989, 1991) 

Leonard et al. (1970) 

Cristaldi & Canipari (1976) 

Dutrillaux et al. (1979) 

Arroyo Nombela et al. (1982) 

Filippucci et al. (1988 a) 

Pilippucci et al. (1990) 

Winking in Filippucci ct al (1990) 
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Tab. 2 - continued. 

S1\2hll’Lt. LOCAL1 ILLS 2N REFERENCES 

Elioniys qirercrnirs 

Switzerland 

Gran Paradiso; Italy 

Central and Eastern Alps: Italy 

Gran I’aradiso: Italy 

Western Alps; Italy 

Valais: Switzerland 

52 

52 

52 

54 

54 

54 

Elioniys inelunirrirs 

Cap Ron Tunisia 46 

bliddle Atlas , Morocco 46 

Cap Spartel and Oueuane, Morocco 46 

Negev Desert, Israel 48 

Miiscurdrniis uvellunciriirs 

Alps: Switzerland 

Frushka Ciora; Serbia 

CLechodovakia 

Pirin Mts ; Bulgaria 

Rila Mts , Bulgaria 

Cliernobyl District; Ukraine 

fl.l)oxlls g1is 

S-W Serbia; Adriatic Coast, Croatia 

Carpathian Mts ; Romania 

Sainarskaya Luka; Russia 

Spain 

Salina Island; Italy 

Czechoslovakia 

Balkan Mts.; Bulgaria 

Tarvisio: Italy 

I’olliiio Massif, Sila, Aspromonte Mts.; 

Istrdnca Mts.: Turkey 

48 

46 

46 

46 

46 

46 

62 

62 

h2 

62 

62 

62 

62 

62 

Italy 62 

62 

Matthcy & Renaud (1937) Renaud (1938) 

Cristaldi & Canipari (1976) 

Filippucci et al. (1988 a) 

Cristaldi & Canipari (1 976) 

Filippucci el al. (1988 a) 

Filippucci et al. (1990) 

Tranier & Petter ( I  978) 

Delibes et al. (1980) 

Filippucci et al. (1988 a) 

Filippucci et al. (1988 b. 1990) 

Renaud (1938) 

Savic & Soldatovic ( 1  972) 

Zima (1987) 

Belcheva et al. (1988) 

this paper 

this paper 

DuliC et al. (1971) 

Raicu et al. (1972) 

Belyanin et al. (1976) 

Diaz de la Guardia et al. (1980) 

Cristaldi & Amori (1982) 

Zima (1987) 

Belcheva et al. (1988) 

Civitelli et al. (1995) 

Civilelli et al. (1995) 

Civilelli et al. (1995) 

INTRASPECIFIC KARYOTYPE VARIATION 

The only Myoxid species known to possess a distinctly polytypic karyotype are 
those of the genus EIionzys. In Eliomys quercinus, Filippucci et al. (1988 a) 
concluded that the Chromosomal variation originated basically by Robertsonian 
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rearrangeinents, supplemented by presumed pericentric inversions and 
translocations. The pattern of geographical distribution of the diploid numbers in 
the populations examined is shown in Fig. 2. The direction of the Robertsonian 
process (chromosome fusions vs. fissions) is important for distinguishing ancestral 
and advanced karyotypes i n  E. quercinus. Filippucci et al. (1988 a, 1990) 
suggested fissions as the prevailing mode of karyotype divergence in the species. If 
this assumption is right, the 48-chroinosoine complement should be the primitive 
one and the basic structure of the karyotype (i.e. the autosomal arms composition) 
should be the same in all populations studied. The presumed primitiveness of the 
Mediterranean 48-chromosome populations and the derived character of the 
populations in the Alps, western, central, and eastern Europe seems to be well 
confirmed by paleontological data suggesting recent dispersal from Mediterranean 
refugia to the north in  the Holocene (Horhtek, 1986). 

2n 

M USCAR D I N U S 

GLIRULUS 

MYOXUS 

MY OM IMU S 

DRYOMYS 

ELIOMYS 

46 

46 

62 

44 

48 

46-54 

Fig. 1 ~ Phylogenetic and diploid chromosome number divergence in myoxids. Phylogcnctic tree 
after Kratochvil (1973). 

However, the 48-chromosome karyotypes are apparently not identical in all 
regions examined. The 48-chromosome karyotype described from Romania 
(Murariu et al., 1985) differs substantially from the 48-chroinosome complements 
found in Mediterranean populations. Strikingly, the Romanian karyotype closely 
resembles that of Dryoiizys nitedula. Furthermore, VujoSevid et al. (1993) showed 
that 48-chromosome karyotypes from Dalmatia and Italy (E. q. pallidus, E. q. 
Iiparensis, E. q. dalnzaticus) differ in two pairs of autosomes from E. q. lusitanicus 
described from Spain. I n  the latter subspecies, only one pair of acrocentric 
autosomes was present (Diaz de la Guardia & Ruiz Girela, 1979) whereas there 
were three pairs i n  other populations and subspecies. Similarly, variations in the 
number of acrocentric autosomes appear to occur also in the 50-chromosome 
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karyotypes. In Belgium, France, Switzerland and Austria, three acrocentric 
autosomal pairs were described, but five pairs were observed in animals from 
Sardinia (see Tab. 2 for references). 

I 

Fig. 2 ~ Karyotypic (2n) divergence in Elionzys. Sketch of  the distribution range adopted after Corbct 
(1978). 

The phyletic implications of these variations remains open for the present, 
especially with respect to the unknown karyotypic status of many central and 
eastern European populations. New chromosomal data and detailed chromosome 
banding studies are necessary to re-evaluate the evolutionary role of karyotype 
rearrangements in the evolution of Eliomys guercinus. Eliomys melanurus is 
another dormouse species containing at least two karyotype races. The difference 
between the karyotype of African and Asian populations is of non-Robertsonian 
nature. Two populations of E. melanurus from Israel differed in the G-banding 
pattern observed in the first autosomal pair. This difference resulted probably from 
a pericentric inversion (Filippucci et al., 1988 a, 1990). 

By contrast, little intraspecific variation in the karyotype structure was found in 
other Myoxid species. We found a pericentric inversion in an individual of 
Dryomys nitedulu from the Little Caucasus, and a decreased diploid chromosoine 
number in  some somatic cells resulting in a somatic mosaic of 46- and 48- 
chromosoine cells in  the bone marrow of an individual from Tajikistan (Figs. 3 ,  4). 
Both these cases probably could be characterized as polymorphic or aberrant 
chromosomal variants, and the karyotype of Dryomy.7 nitedula is apparently rather 
stable throughout the geographical range of the species (Fig. 5). 
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Morphological variations have been described in the sex chromosomes of 
Myoxus glis. The X chromosome was submetacentric in individuals from Spain 
(Diaz de la Guardia et al., 1980) but it was described as metacentric in other 
European populations. The dot-like Y chromosome was evaluated as either 
acrocentric or biarined i n  various Myoxus glis populations. Yet some of the 
differences between descriptions of myoxid karyotypes inay result from the 
subjective arrangement of chromosomes in the karyotype. 

** 

b 

11 

Itt 

I& 

3* 

il 

Fig. 4 - Karyotype of Dryonzys ntkdzda from Ankavan, the Little Caucasus. PeI = pericentric 
inversion. a) conventional staining; b) G-banding. 

SYSTEMATIC AND EVOLUTIONARY IMPLICATIONS 

Inferences of interspecific systematic relationships of dormice based on 
karyotypic data are complicated by the absence of studies in many species (namely 
Graphiurus and Myomimus spp.), and by the scarcity of information on the fine 
banding pattern of myoxid chromosomes enabling detailed comparisons between 
species. The karyotype of most myoxids should be considered an old character, 



72 .I. Zima et al 

which probably persisted without considerable changes during a long geological 
period. This fact further diminishes the use of a purely phenetic approach in  
karyotype comparisons within the family. 

Fig. 5 - Diploid chromosome number found in different regions of the Dryonzys nitrdzrla range. 
Sketch of'the distribution range adopted after Corbet ( 1  978). 

By contrast, the fascinating pattern of karyotypic divergence found in Eliomys 
spp. provides a useful tool for examining the phylogenetic relationships of various 
populations within a species. Karyotype races originating from a series of 
Robertsonian rearrangements are usually considered to be the result of quite recent 
evolutionary processes as, for instance, in  Sorex and Mus. It is surprising to find a 
similar situation in the species assumed to be a relic lineage persisting without 
major morphological changes ever since the Lower Pleistocene. The rate of 
karyotype evolution can be influenced by various systematic or stocliastic factors. 
Thc stochastic or random factors inherent in the effects of genetic drift, and are 
mediated by particular features of reproductive biology or population structure and 
dynamics. The systematic, non-random factors are products of the selection 
pressure manifest at the gametic (meiotic drive) or organismal level. Organismal 
selection models suppose an adaptive significance of the karyotype structure, and 
predict an increase in the rate of karyotype change in periods of occupying new 
adaptive zones (Bickham & Baker, 1980). 

A contrasting pattern of karyotype divergence has been demonstrated between 
recent species of Elion7ys and Dryomys. Comparisons of factors and characteristics 
capable of influencing the rate of karyotypic divergence between recent Eliomys 
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and Dryonzys might provide an explanation of the exceptional chromosomal 
divergence in Eliomys. The postglacial dispersal of Eliomys in Europe is well 
documented in paleontological records (Storch, 1978; HoraCek , 1986). This 
expansion was probably enabled by specific conditions of the Holocene, different 
from those in earlier mid-Pleistocene interglacials (HoraCek , 1986, I987), and it 
was further facilitated by the growth of human civilization and deforestation 
accompanying evolving agriculture. Therefore, the range expansion of Elionzys 
quercinus in central Europe has occurred particularly since the Neolithic period. 
This process could create a new selection challenge to populations migrating to 
previously unoccupied areas. If so, the adaptive character of karyotype evolution 
should be predictable. Furthermore, the karyotype divergence could be supported 
by fragmentation of the range and occurrence of small isolated populations, 
presenting a suitable object for drift effects. However, we have found no 
substantial differences in various population and/or reproduction characteristics 
between Elioniys and Dryonzy.~ (cf. Storch, 1978). The stochastic processes of 
genetic drift are therefore more likely to have exerted a major impact on the 
karyotypic divergence of Eliomys quercinus. 

The rate of karyotypic divergence is supposed to be correlated with taxonomic 
diversity of a lineage (Bengtsson, 1980). However, comparison of this 
characteristic between Elion?ys and Dryonzys revealed the number of nominal 
subspecies being 10 in  Elionzys quercinus, and 19 i n  Dryonzys nitedulu according 
to the list of Ellermann & Morrison-Scott (1951). The level of the karyotypic 
divergence i n  both species thus does not appear to be correlated with taxonomic 
diversity. On the contrary, the extent of colour variation and the variability of body 
dimensions seems to be greater in Eliomys than in Dryomys. The 
minimum:maximum body length ratio is 0.55 in Eliomys quercinus and 0.71 in 
Dryonzys nitedulu. The same ratio computed for the condylobasal length is 0.69 in 
E. quercinus and 0.83 in D. nitedulu (data according to Storch, 1978). This internal 
tendency towards divergence within a lineage could exert additional selective 
pressure on karyotype evolution. 

It can be concluded that systeinatic selection forces could play an important 
role in recent karyotypic divergence in  Eliomys, but an accompanying effect of 
genetic drift and possible gametic selection should also be taken into 
co 11 s id e r at i o n . 

PERSPECTIVES 

Due to the antiquity of myoxid species and genera and, hence, large number of 
chromosomal rearrangements and possible homoplasies accumulated during 
karyotype evolution of the family, it is difficult to trace the evolutionary history 
and phylogenetic relationships of dormice. Therefore, other genetic methods, 
including molecular studies, appear more apposite in further systematic research 
on myoxids. Nevertheless, karyotype data on other species within the family 
(namely Myomimus, Glirulus, Gruphiurus, and Dryonzys luniger) and 
accompanied by detailed chromosome banding studies could also shed light on 
intra- and interspecific relationships as well. Similarly, new data on karyotypes of 
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E f i o n q ~  quercinzis from populations in central and eastern Europe are highly 
desirable. 
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NO'I'E ADDED IN PROOFS - An important paper by Graphodatsky & Fokin (1993) has 
appeared since this manuscript was sent to the editors. The paper deals with the comparative 
cytogenetics of Myoxidae, and reports G-, C-, and AgNOR banded karyotypes of Myoxus 
glis, Dryoinys nitedula, Eliomys quercinus, Muscardinus avellunurius, and Myomimus 
personatus ( 2 1 ~ 4 4 )  from the former USSR. Comparative analysis of the G-banding pattern 
showed low degree of homology between chromosomes of the myoxids, and a scheme of 
phylogenetic relationships was proposed beween the five studied genera. 
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