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2.2. Morphological Variability and Taxonomic Differentiation

Jan RACZYNSKI

2.2.1. M orphological C haracteristics

The genus Clethrionom ys comprises sm all and m edium  voles charac­
terized by m any specific features, particu larly  as compared w ith the 
genus M icrotus, which is rich  in species num bers. These features include:
— closing of the m olars root w ith age, and the developm ent of roots 

(only C. rufocanus produces roots at an older age and the Japanese 
forms, C. rex and C. andersoni, produce roots only in the very  oldest 
age groups),

— rounded loops of enam el on the wearing surface of molars,
— the palate in the  form  of fla t lam ina is ended by a distinct rim  

closer to an terior edges of the crown of M3 (Fig. 2.3),
— a delicate skull, rounded, w ith shortened facial part, w ithout frontal 

crest (crista frontalis),
— relatively  large ears, protruding from the fur,
— rusty -red  coloration of the back in some species (C. rutilus, C. gla- 

reolus).
Particu lar species of the genus Clethrionom ys vary  slightly in size, in 

body-tail proportions, details of skull and dental morphology, and first 
of all in the coloration of the fur.

Clethrionomys glareolus (Schreber, 1780) — the bank vole, is charac­
terized by m edium  body size: Head and body 80— 129 mm, tail 
40— 60 mm (about 50°/o of the body), hind foot 14— 18 mm, body weight 

— 20 g, in sum m er sometimes m ore than  30 g (the size of anim als 
from populations living in Poland is given in the next subsection).

The dentition of the  bank vole is shown in Figure 2.4. It differs 
from  the dentition of other Microtinae, and particu larly  from European 
forms of the genus Microtus, in m any characters such as:
— gentle design of the enam el lines form ing rounded loops in the front 

and hind parts of the tooth, and rounded triangles on both lateral 
edges (only in young individuals are these edges sharper),

— enamel loops of M2 form  three joined fields of dentine due to a spe­
cific configuration of opposite triangles (in the genus Microtus these 
triangles are always separated),

— enamel triangles of Mi (denoted by num bers 2-3 and 4-5) form  
dentine fields clearly joined w ith each other,

— The last upper m olar, M3, does not pro trude m uch from the bony
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Fig. 2.3. A bank vole skull. The proportions betw een the  cran ial and visceral 
parts, and the h ard  palate m argin are  denoted (after Grom ov and Polyakov, 1977).

A B

Fig. 2.4. An outline of the structu re  of w earing surface of m olars in the  bank vole 
\  — upper m olar row, left side; B — lower m olar row, righ t side (after Chaline

et al., 1974).
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edge of the  jaw, and it varies greatly  in wearing surface structu re
(Fig. 2.5).
Bank vole fu r is ru sty -b row n  on the back, often w ith  a reddish 

tin t. Sides are paler, w ith a grey  tin t, belly light silvery grey, sometimes 
whitish w ith yellow tint. The zone separating the coloration of the back 
and belly is w ell dem arcated. The tail is bicoloured, ligh ter beneath, 
crested w ith  hair a t the tip. The pelage of young individuals is generally 
m ore grey and w ith  less contrasting shades. M oulting occurs in spring 
and autum n, typically  from the back region tow ards the head.

The coloration of the bank vole fu r varies rela tively  little  over the 
wide range of this species. For example, voles from England, Germ any, 
and France cannot be distinguished from  each other on the base of their 
coloration (Corbet, 1964). On a vast geographical area from  the Bialo-

A B c

Fig. 2.5. Types of the  struc tu re  of enam el loops of M3. L ingual corners are denoted
by num bers 1—4.

A — “sim plex” type; B, C — “com plex” types. Line a-b  denotes the  degree of the 
developm ent of the fourth  lingual corner (triangle) of enamel. The m easurem ent 
of line a -b  provides a quan tita tive  characteristic of this fea tu re  (after Corbet,

1963).

wieża Forest to A rkhangelsk and the Pechora basin, Rossolimo (1964) 
did not find any  trends in coloration variability. Local form s differing 
in colour w ere described only in a few, usually  isolated populations, 
(Corbet and Southern, 1977). Albinisms and m elanism  occur ra re  as 
they  are due to genetic anomalies. Non-agouti form s are due to recessive 
alleles (eight at least) and they  are phenotypically  expressed in homo­
zygotes. One case of an extrem e non-agouti m utation (black colour of 
the fur) in the bank vole has been described from southern Poland by 
Bobek and B artke (1967); other m elanistic individuals are reported  by 
Husson (1953) and Hanak (1957). One albinotic specimen from  G erm any 
was described by Reichstein and Kulicke (1958). Differences in colora­
tion betw een lowland and m ountain populations considered as taxonom ic 
features often are not confirmed in larger series of m ateria l (Prychod- 
ko, 1951).

The num ber of chromosomes in the bank vole is re la tive ly  constant
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as compared w ith tha t in the genus Microtus. The karyotype of the 
nom inative subspecies, C. glareolus glareolus, from G erm any, H ungary, 
and different regions of Czechoslovakia is 2N =  56 chromosomes, inclo- 
ding 2 m etacentric autosomes and a m etacentric Y chromosome 
(NFa =  56, NF =  58, K rai, 1972). The karyotype of south-European sub­
species, C. g. istericus and C. g. garganicus, has the same num ber of 
chromosomes (2N =  56), and differs only by the acrocentric Y chrom o­
some. The la tte r feature has been recorded in peripheral populations 
of Palaearctic species, and it is a suitable genetic m arker in these po­
pulations (Voroncov et ah, 1978). Chrom osom ally Palearctic C. glareolus 
and Nearctic C. gapperi are identical (M atthey, 1956), but this evidence 
is insufficient to suggest conspecifity of these forms.

2.2.2. M orphological V ariability  

D entition
G row th of m olar roots and crow n wear are  continuous processes 

re la ted  to postnatal developm ent and aging, therefore they  have been 
used for age determ ination for a long tim e (Zim mermann, 1937) *. Tooth 
m orphology allows the distinction of six age classes illustrating  the 
developm ental stages of roots (Corbet, 1964). For this purpose, usually  
the roots of Mi (Prychodko, 1951; W asilewski, 1952) or M2 (Koshkina, 
1955; Tupikova et ah, 1968) are used as they  are easier to ex tract from  
the jaw. The problem  of age hom ogeneity in particu lar classes of root 
length is related  to the rate  of root grow th and crown w ear which are 
species specific and often population specific. The most im portan t is 
the d ifferen t grow th ra te  of anim als in the spring and autum nal vole 
generations. In view of this fact, absolute values of m onthly tooth in ­
creases under laboratory conditions (Mazak, 1963), or in the wild (Tupi­
kova et ah, 1968) used as the basis for estim ating the absolute age of 
anim als should be cautiously considered. Large differences in the grow th 
ra te  of root length betw een the spring generation (0.23 m m /m onth) and 
the autum nal generation (0.16 mm) are  described by Zejda (1961, 1971), 
and the differences in grow th betw een sum m er (0.2 mm) and w inter 
(0.1 mm) by Claude (1970).

A nother age-related feature in the developm ent of m olar roots was 
noticed by Hinton (1926). This is the disappearance of the alveolar 
capsules w ith age (Fig. 2.6). This is an arched swelling of processus 
alveolaris maxillae, visible w ithin the tem poral fovea (Prychodko, 1951; 
Koshkina, 1955). This morphological feature, easily seen on prepared

* O ther ways of age determ ination  from  m orphological features of the bank 
vole are described in section 6.2.
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skulls, can facilitate the distinction betw een adult and young bank voles 
in some ecological investigations.

V ariability  in the structu re  of the grinding surface of M3 in the bank 
vole was noticed by Rorig & Borner (1905) and classified in detail. For 
some species (e. g. Microtus arvalis) this feature was used to in terp re te  
population dynamics of this species in d ifferent areas, assum ing tha t 
particu lar variants are of selective value (Stein, 1958), and considering 
them  as taxonomic features of subspecies.

In the bank vole, two basic types of the M3 crown are described: 
1) “Sim plex”, which is a shortened form  w ith three triangles of enamel 
on the labial and lingual sides of the tooth; 2) “Complex”, which is 
a developed form  of the tooth w ith four lingual and four labial triangles.

Fig. 2.6. The structu re  of the alveolar capsule, which is a convenient fea tu re  to 
visually estim ate the  age of bank voles from  the skull m aterial (Original).

A — young individual, strongly arched alveolar capsule, B — old individual w ith 
w ell-developed roots, the capsule fla ttened and reduced.

There are, however, m any interm ediate forms betw een these extrem es 
(Prychodko, 1951), which indicate a complex character of inheritance 
of this feature (see Fig. 2.5). Bank vole populations living in England 
are characterized by a high proportion of the sim plex form (Steven, 1955). 
Detailed studies have shown, however, that neighbouring populations can 
m arkedly differ in the proportion of the two forms, which reduces the 
taxonomic importance of this feature (Cocrbet, 1963). An additional lim i­
tation is due to the fact th a t it is difficult to classify these varian ts in 
older age classes because of tooth wear (Zejda, 1960).

Body and skull sizes 
Among body m easurem ents, only the length of hind foot and ear 

are fairly  constant, thus of taxonom ic value. The body length and 
weight can vary  greatly, depending on geographic location and popula­
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tion variability. The intrapopulation source of variability  is re la ted  to 
sexual activ ity  of individual bank voles and to the  age struc tu re  of the 
population. It also shows a clear seasonal aspect. This variab ility  is 
discussed in detail by K ubik (1965). The relationship betw een the body 
w eight and sexual activ ity  is analysed by Zejda (1965).

According to Rossolimo (1964), the geographical variability  of the 
skull is low over a large area from  central Europe to the Pechora river 
in the east, and from Yugoslavia to Arkhangelsk. Some skull m easure­
m ents, e. g. in ter-o rb ita l b readth  or rostrum  breadth  do not vary. 
V ariability  in condylo-basal length is m ore distinct b u t it has no trend  
and is not large enough to indicate subspecific differentiation in  the 
population. Instead, seasonal differences a re  clearcut: difference betw een 
the sum m er and w inter specimens are higher than  differences betw een 
geographically d istant populations (Rossolimo, 1964). In rela tively  
thoroughly studied populations of the British bank vole, the  skull and 
body size tend to increase northw ards (Corbet, 1964), a distinct position 
being occupied by isolated forms from  small islands (see section 2.2.3).

A different aspect of geographical variab ility  is revealed by a ltitu - 
dinal distribution. Differences in the body-tail proportions betw een 
m ountain and lowland populations w ere described by Schaefer (1935). 
Claude (1968) compared Swiss populations of bank voles from  Zurich 
and Goschnerlap, and found an isom etric grow th of the tail and body 
length for high m ountain populations, contrasting w ith allom etric growth 
populations inhabiting lower regions. This phenomenon cannot be 
explained by the effect of physical factors or by a subspecific d ifferen­
tiation. Bank voles living in the m ountains are larger than those from 
lowlands (Claude, 1967; H aitlinger, 1970). According to the ecological 
in terp reta tion  of this fact by  Claude (1967, 1970), alpine populations 
have a d ifferen t age structu re ; they  are  predom inated by older indi­
viduals as their w inter m orta lity  is lower in the  m ountains than  in the 
lowland, and in addition they  reach m atu rity  in the next calendar year. 
The two-step grow th of these voles prom otes greater body size. A sim ilar 
situation was observed by Jew ell on  the  Skom er Island, where the 
reproductive period of voles was short and delayed, and the anim als 
were larger than  in England (cit. a fter Claude, 1967). O ther authors argue 
th a t the larger size of Scandinavian and high-m ountain forms is due 
to the Bergm ann ru le  (Saint Girons, 1973).

2.2.3. Subspecific D ifferentiation

Ellerm an and M orrison-Scott (1951) distinguished 72 forms of Pa- 
laearctic Clethrinnomys, including 23 subspecies of Clethrionomys gla- 
reolus. A taxonom ic analysis of subspecies is beyond the scope of this
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paper as it would requ ire  some revision; recen tly  there  is a tendency 
to in tegrate  m inor groups on the basis of m odern craniom etry and 
variab ility  analyses in representative series of m aterial from  various 
parts of the species range. Such a revision on the scale of the en tire  
range has not been carried  out so far, and partial analyses have provided 
a basis for some sim plifications of the complex and often controversial 
division of subspecific forms.

For a long tim e the differentiation of C. glareolus in the European 
p a rt of its  range was in terp re ted  on the basis of a zoogeographic-phylo- 
genetic concept. According to this concept, in the Pleistocene continen­
ta l Europe was inhabited by  a larger form of Clethrionomys (“nageri” 
group), which was replaced in the postglacial period by a sm aller race 
from the east. Relicts of the  original from were to survive in the  high 
Alps, in w estern Norway, and on isolated islands off the  B ritish coast 
(Hinton, 1926; Zim m erm ann, 1950; M atthews, 1952). This concept was 
not consistent w ith later findings.

Prychodko (1951) challenged the distinction of the m ountain  race, 
C. g. vesanus, described by H inton from Bavaria. Claude (1970) joined 
C. g. vesanus w ith C. g. ru ttneri in the subspecies C. g. helveticus, on 
the basis of body and  skull m easurem ents, and coloration. He also 
suggests th a t large alpine form s can only be an ecological race (Claude,
1967). Steven (1955), who experim entally  crossed the form representing 
the nageri group (British and Norwegian) w ith the form from  England 
(C. g. britannicus), found no differences in  their biology. Corbet (1964) 
questioned the distinction of the main British form, C. g. britannicus, 
and included it w ith C. g. glareolus.

O utlining the problem  of taxonom ic division of the European forms, 
it can be stated  that the nom inative subspecies inhabits the bulk of the 
continent, w hile the m orphologically d istinct subspecies e ither are 
geographically isolated (islets, m ountains) or inhabit suboptim al habitats 
a t the  m argin  of their geographic range.

U nquestionable subspecies now include the  races described from  
the British Isles (Steven, 1955; Corbet, 1964):

C. g. caesarius — from  Jersey  (Channel Islands),
C. g. skomerensis  — from  the Isle of Skomer (Wales),
C. g. alstoni — from  the Isle of Mull (Inner Hebrides),
C. g. erica — from  the Isle of Rassay (Inner Hebrides). They are 

distinguished by  their body and skull size (all are  larger than  B ritish  
form s) and by M3 structu re . C. g. skomerensis is d ifferen tly  colored 
(lighter, w ith  cream -colored belly  in winter). According to present views 
on their origin, they  are not relicts bu t were casually introduced, pro­
bab ly  by m an, and then  geographically isolated (Corbet, 1964).
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According to karyotaxonom ic criteria, forms living in southern  parts 
of the species range: C. g. garganicus from Ita ly  and C. g. istericus 
from the southern Carpathians, can be considered as distinct (Krai, 
1972; K rai et al., 1972), though according to Rossolimo (1964) there  are 
no m orphological differences in the body and skull s truc tu re  between 
the la tte r and C. g. glareolus. P robably  C. g. ponticus from Asia Minor 
or C. g. curcio from southern  Ita ly  are distinct forms, b u t this separation 
requires some conclusive evidence. A detailed analysis of alpine forms 
carried out by G ruber and K ahm an (1968) indicates th a t it is necessary 
to fuse into larger groups the units distinguished so far, this being 
a conclusion from  the statistical analysis of biom etric data. The ultim ate 
subdivision of the species Clethrionom ys glareolus living in central 
Europe (the Alps, Balkan) and, in particular, over vast areas of the 
eastern range of th is species, has to be based on reliable m ateria l analy­
sis. A supplem entary list of the subspecies described so far was provided 
by Corbet (1978).

2.2.4. C haracteristics of Bank Voles Living in Poland

Two bank vole populations from  Poland have detailed biomorpho- 
logical descriptions: one in Białowieża (Wasilewski, 1952; Kubik, 1965) 
and another one in the W rocław region (Haitlinger, 1965). To characte­
rize these two populations, the basic body and skull m easurem ents are 
given in Table 2.1.

Both these characteristics are based on the mechanism  and differ­
entiation of growth ra te  of particu lar param eters of skull in relation 
to seasonal events occurring in these populations. W asilewski (1952), 
using the least squares m ethod for the  craniom etric analysis, distin­
guished 12 “types” of skull s truc tu re  in the Białowieża population that 
differ in the proportions of linear dimensions. This m ethod of analysis, 
however, does not allow far reaching taxonom ic conclusions because 
the range of the variability  of the Białowieża population covers also 
other forms of European Clethrionom ys glareolus.

A comparison of the param eters of skull grow th betw een the Biało­
wieża and W rocław populations reveals few noticeable differences. 
According to H aitlinger (1965), the specific features of the W rocław popu­
lation include the length of nasal bones, saggital suture, and palatial 
length. In both populations the grow th ra te  of the spring generation was 
higher than  autum nal generation (Kubik, 1965; H aitlinger, 1965). Sexual 
dimorphism  in the bank vole occurs during the breeding season; it con­
cerns the body weight, which is higher a t the end of w inter for males 
and in spring for females. Craniom etric differences betw een sexes are
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difficult to prove (Haitlinger, 1965). The body weight also undergoes 
seasonal changes. It is lower in w inter for all age classes by about 6 g 
as com pared w ith the m axim um  value reached in summ er. The body

Table 2.1.
Morphological characteristics of Clethrionomys glareolus 

from  Poland.

Białowieża 
(Wasilewski, 1952)

W roclaw 
(Haitlinger, 1965)

Age group Range X Age group Range X

Body length (mm)
overw intered 79.0—117.0 — IV 77.8—100.0 89.0

(4-7 m onths old)
V 75.4—101.5 91.4

(6-9 m onths old)
VI (8—14 84.1—106.8 95.7

m onths old)
VII 82.0—107.0 96.8

(14 m onths old)
Tail length (mm)

I—V 22.0—51.0 — IV—VII 34.9— 51.5 —
overw intered 33.0—48.0 —

Hind foot length (mm)
I—V 14.6—18.0 — IV—VII 16.0— 18.6 —

Ear length (mm)
I—V 10 0—15.0 —

Body w eight (g)
I—V 6.1—32.7 — IV 10.1— ??.3 15.3

V 11.1— 28.6 15.8
VI 11.9— 28.8 18 0
VII 12 9— 29.0 18.9

Condylo-basal length (mm)
overw intered 21.6—24.9 — IV 21.3— 24.4 22.7

III 21.7—24.1 22.8 V 21.7— 24.5 22.9
(4-8 m onths old)

IV 22.3—24 5 23.3 VI 22.1— 24.9 23 4
(8-11 m onths old)

V (11-15 22.1—24.9 23.6 VII 22.9— 24.7 23.7
m onths old)

Total length of skull (mm)
III 22.1—24.3 23.1 IV 21.5— 24.6 22.9
IV 22.7—24 1 23.4 V 21 5— 24.6 23.3
V 22.7—24.5 23.8 VI 22.3— 25.8 23.8

VII 23.1— 25.1 23.8

weight increases in M arch and it a ttains m axim um  values in  June and 
Ju ly  (Haitlinger, 1965).

As only few populations from Poland were m orphologically studied, 
it is not possible to estim ate the range of variability  of different forms 
and to characterize trends in body and skull sizes over the country..
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Poland, however, lies in the centre of the bank vole range, is small 
relative to the range of this species, and so is not likely to be a good 
place to follow such trends. Nevertheless, it has been found th a t bank 
voles from m ountain populations in the Karkonosze Mts. are larger 
than  those from W roclaw and subm ontane regions. These are, however, 
allom etric relationships. The in terp reta tion  of this phenomenon should 
•consider the degree of isolation of m ountain form s as the bank voles 
inhabiting some peaks (e. g. Slęża peak — 718 m above sea level, raising 
from a lowland) do not differ from  those living in the lowland, and the 
voles inhabiting subm ontane areas have in term ediate characters 
(Haitlinger, 1970).

Although the bank vole population from  the W rocław region is cha­
racterized by sm aller body sizes than  th a t from  Białowieża, their 
subspecific position does not rises objections. W asilewski (1952) classifies 
Polish bank voles to the nom inative subspecies. In the same way, 
H aitlinger (1970) classifies the populations from the Carpathians and 
the Sudetes. Stein (1931) classifies voles from  w estern Poland (Rybocice 
on the Oder river) to C. g. glareolus as well. Voles from  south-eastern 
Poland were not classified to subspecies. Kow alski (1964) suggests that 
voles of the K raków  region m ay belong to the subspecies C. g. istericus, 
which includes the voles from  w estern Ukraine (Tatarinov, 1956).

2.3. Individual Development

M arek G^BCZYNSKI

The period from  onset of em bryonic developm ent to sexual m atu rity  
is called the period of individual developm ent. From  another point 
of view, individual developm ent is considered as the whole individual 
life span, that is, it also includes the phase of m atu rity  and aging. 
However, the sequence of changes in shape and functioning is m ost rapid  
until sexual m aturity , therefore this period of life is of particu lar 
interest. In the bank vole it covers about 60 days, including 17—22 
days of the embryonic (prenatal) developm ent and then  the postnatal 
development.


