Vestnik zoologii, 51(2): 99-110, 2017 Evolution and Phylogeny
DOI 10.1515/vz00-2017-0015

DE GRUYTER
OPEN

UDC 575.83:569.323.4
PHENOMENON IN THE EVOLUTION OF VOLES
(MAMMALIA, RODENTIA, ARVICOLIDAE)

L. I. Rekovets!, O. M. Kovalchuk?

"Wroctaw University of Environmental and Life Sciences,
Chetmoriskiego st., 38C Wroctaw, 50-630 Poland
E-mail: leonid.rekovets@up.wroc.pl

’National Museum of Natural History NAS of Ukraine,
B. Khmelnitskogo st., 15, Kyiv, 01030 Ukraine

E-mail: Biologiest@ukr.net

Phenomenon in the Evolution of Voles (Mammalia, Rodentia, Arvicolidae). Rekovets, L. 1.,
Kovalchuk, O. M. — This paper presents analytical results of the study of adaptatiogenesis within
the family Arvicolidae (Mammalia, Rodentia) based of morphological changes of the most functional
characters of their masticatory apparatus — dental system — through time. The main directions of the
morphological differentiation in parallel evolution of the arvicolid tooth type within the Cricetidae and
Arvicolidae during late Miocene and Pliocene were identified and substantiated. It is shown that such
unique morphological structure as the arvicolid tooth type has provided a relatively high rate of evolution
of voles and a wide range of their adaptive radiation, as well as has determined their taxonomic and
ecological diversity. The optimality of the current state of this group and evaluation of evolutionary
prospects of Arvicolidae were presented and substantiated here as a phenomenon in their evolution.
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Introduction

Voles (family Arvicolidae) seem to be one of the most studied taxa within Holarctic rodents. However,
this is the most difficult group in taxonomic, systematic and phylogenetic contexts. The need to use the methods
of morphological and functional analysis of individual characters for addressing the issues of adaptatiogenesis,
micro- and macroevolution, phylogeny of arvicolids was proved and substantiated earlier (Mehely, 1914;
Hinton, 1926; Chaline, 1972; Gromov, Polyakov, 1977; Rabeder, 1981; Tesakov, 2004; Agadzhanian, 2009).
The results of synthetic analysis of scrutiny of individual species of the family (including molecular data) are
presented by Zagorodniuk (1990), Conroy & Cook (2000), Jaarola et al. (2003), Galewski et al. (2006), Robovsky
et al. (2008), Piras et al. (2012), and others.

A wide range of the variability of structural and functional characters and their transformation in time
and space is recently known for the members of the family Arvicolidae. Most of these characters are related to
teeth and associated with a variety of conditions for existence (Maleeva, 1976; Nadachowski, 1992; Rekovets,
1994; Tesakov, 2004; Fejfar et al., 2011). It is reflected in morphological parallelisms that continually manifested
in the transformation of masticatory apparatus and teeth during relatively short evolutionary history of the
family, i. e. from late Miocene, MN 9 (Repenning, 1968; Shevyreva, 1976; Agadzhanian, Kowalski, 1978; Nesin,
Topachevsky, 1991; Nesin, 1996; Nesin, Nadachowski, 2001; Agadzhanian, 2009). However, the issues of the
comparative analysis of such data remain relevant, especially in the study of the early stages of formation of
the arvicolid tooth type, and the parallelisms with their subsequent fixation in certain phylogenetic lineages
(Rekovets, 2003).
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Thus, the main purpose of this study is an attempt to find the features of adaptatiogenesis in the dental
system as a phenomenal process in the evolution of masticatory apparatus in voles, especially at the early
developmental stages of this group (late Miocene, MN 9-12). Here we present the analysis of data concerning
the possible ways of morphogenesis of their teeth, forming of the arvicolid tooth type, and manifestation of the
morphological parallelisms during the evolution of voles.

State of the problem and analytical results

At the heart of the evolution of adaptations lays the variability of characters
(ontogenetic, spatial, and temporal), parallelisms and morphological correlation. Together
they characterize the ability of organisms to respond on environmental changes, which
ultimately reflect their level of adaptatiogenesis. The latter, using morpho-evolutionary
rather than cladistic approach refers to the most important functional characters for the
family Arvicolidae, such as the structure of masticatory apparatus. It is the most reliable
criterion for taxonomic differentiation of voles. This structure reflects the level of their
evolutionary advancement, taxonomic rank and systematic position. It is also a basis for
biostratigraphic conclusions.

There were attempts of similar studies with the definition of trends in the evolution
of voles (e. g., Kretzoi, 1969; Topachevsky, 1973; Maleeva, 1976; Shevyreva, 1976). This
issue was reflected in the International symposia on the evolution and phylogeny in
Arvicolidae (International..., 1990), as well as in a series of publications (Nadachowski,
1991; Nesin, Topachevsky, 1991; Abramson, 1993; Chaline et al., 1993; Rekovets, 1993;
Nesin, Nadachowski, 2006; Fejfar et al., 2011).

Theoretical bases have been developed for the analysis of possible directions of
transformation and adaptatiogenesis of molars in Arvicolidae. Based on these results, it is
possible to characterize more soundly “advantages” of voles (both extinct and recent) as
compared with other rodents:

1) great taxonomic diversity and significant amount of fossil remains throughout the
Holarctic (arvicolids are the dominant group in the Neogene and Quaternary fauna);

2) members of this family have the most significant value in faunal analysis and
reconstruction of temporal consistency of single faunal associations;

3) arvicolids reflect most clearly and convincingly morphological and evolutionary
changes (adaptatiogenesis) of characters in separate lineages;

4) high variability and functional features of characters as structures transforming in
time (apomorphies) define the individual morphological trends of voles — the basis for
allocation of numerous phyletic lineages;

5) family Arvicolidae is characterized by the presence of well-defined parallelisms in
the development and correlation of characters — a manifestation of the law of homologous
series in genetic variability;

6) voles are the evolutionary model for creating the phylogenetic schemes based on
morphological approach and DNA data analysis;

7) well-studied relations in the system “ancestor-descendant”, and, therefore, relatively
well-known the initial groups for extant species;

8) it is possible to trace the path of species migration in more detail and soundly, and
to understand the history of consistent formation of their ranges;

9) species within the family Arvicolidae are dynamic components of faunal communities
reflecting the successional processes in ecosystems;

10) voles are the most important group for analyzing palacoecological conditions, as
well as for palaeogeographic reconstructions.

Qualitative characteristics of the family Arvicolidae listed above determine their
significance as a leading group in the field of general evolution, detailed biostratigraphy
and faunistic correlations. Here we discuss the issues of morpho-functional analysis and
adaptatiogenesis of the arvicolid tooth type (position 3 in the text), the direction of the
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morphological transformations at the initial stages of their evolution (position 4), and
parallelisms in separate lineages (position 5).

Discussion

Morphogenetic processes within the family Arvicolidae reflect the morphology of their
osteological characters, especially on teeth and jaws. These elements of the skeleton are
most frequently encountered in fossil state in arvicolid taxa and other small mammals.
Differences in diagnostic characters may be considered as the morphological chronoclines
closely related to environmental conditions and stratigraphic levels. These trends
characterize the evolutionarily stable morphology of this group and usually regarded as
adaptations directed by the natural selection.

Adaptatiogenesis (fixing of adaptations in time under the influence of selection) of
voles has a distinct focus on the statement of arvicolid type of the teeth and composed
of differently directed, but morphologically limited adaptations (Maleeva, 1976; Rabeder,
1981; Rekovets, 1993). The limits of these adaptations are defined by the morphology at the
actual evolutionary level; i. e. teeth can change depending on the environment only within
their current morphology. It means that the development of arvicolid teeth is not a chaotic
process, but limited to their morphology, which, together with the natural selection, is a
guide mechanism for the evolution of this group. This is clearly visible in morphology of
late Miocene rodents (Chaline, 1987; Chaline, Graf, 1988; Fejfar et al., 2011), and justified
for molars in the evolutionary lineage Allophaiomys—Microtus or Mimomys—Arvicola
(Rabeder, 1981; Heinrich, 1990; Rekovets, 1990, 1994; Maul et al., 2000).

For the above-mentioned genera and for the tribe Lagurini, tooth morphology can
vary in time only (sic!) in limited possible directions, which form the developmental
basis for separate lineages or monophyletic clades. An example may be the differentiation
within the genus Microtus (subgenera Terricola, Stenocranius, Pallasiinus, Microtus),
Chionomys, Dicrostonyx, Lemmus, as well as groups Prolagurus-Villanyia—Lagurodon,
Jordanomys—Kalymnomys, Promimomys—Mimomys—Arvicola, Pliomys—Clethrionomys,
etc.) (see Terzea, 1989; Topachevsky, Nesin, 1989; Nadachowski, 1992, 1992; Abramson,
1993; Rekovets, Nadachowski, 1995; Zazhigin, 2003; Abramson et al., 2009; Agadzhanian,
2009 for details).

The criterion of morphological differentiation is constantly manifested in the evolution
of Arvicolidae and simultaneously reflects processes of adaptation and transformation
of characters. It is characterized by correlations and parallelisms, reflects the breadth
of adaptive radiation and the levels of evolutionary advancement. The action of natural
selection in this case was focused on mechanics and morphology of occlusal surface of their
teeth. Such strategy is a reflection of general aridification during the Pliocene (Shevyreva,
1976; Abramson, 1993).

A functional characteristics of the teeth of extinct Arvicolidae allows us to formulate
their morpho-adaptive features as a rule of steadiness of the adaptatiogenesis:
adaptatiogenesis of a single taxon is determined by the variability of characters, manifested
by the actual state of its morphology (metabolism for extant forms) under the influence of
natural selection and is consistent with its evolutionary level. The close relationship between
morphological features of the taxa (in this case — Arvicolidae), their ability to adaptations
(pre-adaptations), evolutionary advancementand correlation with certain stratigraphiclevel
should be perceived in this definition. Morphological character may respond in a particular
way to environmental conditions, which are guiding factors for the adaptatiogenesis and
qualitative criterion through the action of natural selection.

Against this background of morpho-adaptive changes, the arvicolid tooth type has been
occurred in parallel within the Cricetidae (Baranomys, Germanomys, Stachomys, Betfiomys,
Trilophomys, Microtoscoptes) and was fixed in the first Arvicolidae, e. g. Microtodon-
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Baranarviomys-Promimomys (fig. 1). This scheme does not reflect the phylogenetic
relationship between the mentioned groups. It is just a schematic diagram of the possible
morphological transformations of molars within the Cricetidae and Arvicolidae in time,
since the second half of Miocene.

Morphological changes from the primitive Cricetidae with the bumps on teeth (e. g.,
in Nanomys and related genera) were possible in two main directions — the preservation
of these dental bumps (Cricetus), or the fixation of morphology in the teeth erasure. Po-
tential directions of the possible merger of dental bumps are diverse: Collimys, Meriones,
Rattus, Microtocricetus, Cricetodon, Baranarviomys (Arvicolidae). Each of these directions
yielded a number of intermediate (transitional) stages; all of them are connected with the
respective stratigraphic level. However, our scheme is not tied to geological time as those

Megacricetodon Baranarviomys

I .1

Kou;aiskfa Trilophomys Baranomys

-

Ischymomys  Microtoscoptes Arvicola

Fig. 1. Possible ways of the morphological differentiation of molar teeth within the Cricetidae and Arvicolidae.
Images of single teeth were taken from special publications (Shevyreva, 1976; Nesin, 1996; Fejfar et al., 1998,
2011). Original material from the localities of Ukraine was also taken into consideration.
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Fig. 2. Stages of complication of the m1 morphology (forming of the arvicolid tooth type) within the Cricetidae
and Arvicolidae. Explanation — in the text.

presented by Maleeva (1976). The directions mentioned above include a number of mor-
phological parallelisms. They are traced in detail for the arvicolid line of transformation.
This primitive morphological structure can persist even in extant forms, such as Ellobius,
Prometheomys, Phajomys (Neodon) and others.

Arvicolid tooth type and parallelisms of its manifestation is a phenomenon of the
adaptation of voles, which allowed them to fill numerous ecological niches in modern
coenoses, i. e. be able to biological progress, which undoubtedly was also typical for this
group in geological past. Since the late Miocene, adaptatiogenesis within the Cricetidae and
Arvicolidae proceeded through a series of successive phases of morphological changes of
their teeth. The morphological phasing in complexity of their teeth in time is manifested as
shown on the fig. 2.

Morphological parallelisms have been manifested especially at the initial develop-
mental stages of arvicolid tooth type and were characteristic for late Miocene Cricetidae
(fig. 2, I-III). They have been arranged as alternatively located dental prisms (Trilophomys,
Pseudomeriones, partially Microtoscoptes) or relatively shifted to each other (Ischymomys).
The anteroconid portion in advanced forms (Paramicrotoscoptes, Ischymomys) was com-
plicated by folds and the mark.

!Here we present only the directions of possible morphological changes in time; these directions are not a
real reflection of phylogenetic relationships between the representatives of Cricetidae and Arvicolidae.
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The main elements of the arvicolid tooth type have appeared in primitive Arvicolidae
(fig. 2, IV): posterior loop, anterior loop — anteroconid with (or without) the mark; proto-
conid, metaconid, entoconid (Baranarviomys, Baranomys, Prosomys, Promimomys). Plio-
cene forms (fig. 2, V), as late Miocene Cricetidae, have acquired the complicated anteroco-
nid at the expense of the forming of additional fold (Germanomys, Stachomys, Ungaromys,
partially Pliomys) and the mark (Mimomys, Borsodia). Then there was a reduction of the
mark and folds of the anteroconid (Prolagurus, Allophaiomys, Arvicola). A complication of
occlusal surface was due to the formation of additional dental prisms at the base of antero-
conid. The cement was absent (fig. 2, VI) or gradually appeared (fig. 2, VII).

It has been occurred in parallel, almost independently, in different lineages of Cricet-
idae (Rekovets, 2003; Shevyreva, 1976; Fejfar et al., 2011). Such type of the teeth have ap-
peared earlier in Cricetinae and was even more morphologically progressive than those
in Arvicolidae. An example can be the species group of Microtoscoptes—Ischymomys from
early late Miocene (MN 9), which have had more complicated teeth (mark, mimomys
fold, corrugation of anteroconid) and recently regarded as the side specialized branch
in the evolution of Cricetidae (Topachevsky, Nesin, 1992). Formation of the arvicolid
tooth type in Ischymomys revealed a rather complex morphological structure for Criceti-
dae. It was too specialized for providing more progressive changes of their teeth during
the Pliocene (Topachevsky et al., 1978; Topachevsky, Nesin, 1992). This specialization
was based on relatively primitive morphological basis — the presence of roots, mark,
mimomys fold, etc. Transient Pliocene forms of Cricetidae—Arvicolidae (Baranomys, Ba-
ranarviomys) were morphologically more primitive and regarded as initial forms for the
Arvicolidae.

In terms of morphology and function, it is important to know why and how the
arvicolid tooth type initially formed within the Arvicolidae as a parallel morphological
structure in different phyletic lineages of the family. The evolution of such tooth type in
Pliocene voles went not the way of complication of existing corrugated unpaired loop on the
anteroconid (AC-1), but on the forming of additional elements at the base of anteroconid.
The enamel mark and prism fold (Ischymomys) have appeared for the first time (during
late Miocene) within the Cricetidae as progressive characters. However, later (in Pliocene)
such characters became inadaptive for the Arvicolidae and underwent a reduction
(Promimomys, Pliomys, species group of Villanyia—-Borsodia, Mimomys). The evolution of
teeth in voles during Pliocene followed the way of formation of additional elements and
extension of the teeth (Allophaiomys, Microtus, tribe Lagurini). This direction has been
supported by the natural selection, because it morphologically provides a functionality
in food consumption which was more effective than those for Cricetidae or optimal for
Arvicolidae (Topachevsky, Skorik, 1992). Natural selection has gained an inertia action in
all lineages of Arvicolidae, as manifested through the complication of the occlusal surface
of their teeth due to appearance of additional enamel prisms on M3 as well as T4, 5 on m1
at the base of paraconid (Markova, 2014; Borodin, Markova, 2015). The adaptatiogenesis of
Dicrostonyx is the peak of this process.

Such parallelisms, which are inherent to closely related groups, have manifested
in separate phyletic lineages of the Arvicolidae such as Pliomys—Clethrionomys, Borso-
dia-Prolagurus—Lagurus, Mimomys—Allophaiomys—Microtus, Mimomys—Arvicola. They
clearly traced in separate lineages at the generic level (e. g., Mimomys, Borsodia, Al-
lophaiomys-Microtus) many of which are regarded as side evolutionary branches. Such
conclusions about the evolution of voles are based not only on the literature data, but
they were also proved on the fossil material from Miocene and Pliocene localities in
Ukraine.

Adaptive parallelism was particularly evident during the Pliocene, when the diver-
gent evolution of Arvicolidae was the most intense. The above-mentioned morphological
changes in all phyletic lineages of Arvicolidae have had different speed and were aimed
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at lengthening the teeth, especially the m1 (A/L ratio — the relative elongation of antero-
conid) and M3, reduction of the mark and fold, as well as the loss of roots. The rate of
such changes is different in individual lineages and in application to various teeth. The
most evolutionary mobile and progressive were m1 and M3. The latter bears an ancient
appearance. Other molars also changed, but they have not acquired such characters. Prob-
ably, it can be explained by their less significant functionality. The most revealing are
Mimomys, Borsodia, Pliomys, whose molars have changed rapidly over time and reached
the maximum of morphological diversity. Other forms, e. g. Prometheomys and Ellobius,
appeared to be more conservative depending of numerous factors. Some species, e. g. Mi-
crotus agrestis and M. socialis, as well as Dicrostonyx and Stenocranius, represent a special
group of morpho-ecological adaptations within Arvicolidae. In the latter case, narrow
skull and all connected structures in representatives of the subgenus Stenocranius can be
seen (along with other explanations) as a macromutation at the level of Allophaiomys hin-
toni; this mutation was supported by the natural selection, which, however, requires ad-
ditional evidence. Numerous teeth of this species were found in the Karaj-Dubina locality
(Ukraine, early Tiraspolian faunistic complex). It would be helpful to find the palatinum
of this species, which could clarify the initial stages of formation of the narrow-skulled
voles (subgenus Stenocranius).

Morphological adaptations of the extant species (narrow and elongated skull) yet do
not fit into the usual scheme of explanation the evolution of Arvicolidae. Some Nearctic
and Palearctic groups of the tribe Microtini are of independent origin from the genus Mi-
momys. The American narrow-skulled vole Mynomes was allocated to a separate subgenus
Vocalomys (Golenishchev, Malikov, 2004, 2006). The parallel development of characters in
paragenetically related groups of the Old and New World Arvicolidae is obvious.

Somewhat different than those for Stenocranius, was morpho-adaptive evolution of
the collared lemming Dicrostonyx. It is characterized by the complication of m1. The
M3 and other molars have additional enamel loops with their subsequent conversion
into prisms (van der Meulen, 1973; Rabeder, 1981; Rekovets, 1994; Tesakov, 2004;
Agadzhanian, 2009). Morphological changes of the teeth aimed at increasing complexity
of their occlusal surface have affected the entire dental system within the Praedicrostonyx—
Dicrostonyx (Agadzhanian, 1976; Zazhigin, 1976, 2003; Rekovets, 1983; Nadachowski,
1992; Rekovets, Maul, 2011). This group yielded a number of transitional forms with
uncertain systematic position (Alexandrova, 1982; Rekovets, 2004). Appearance of
additional prisms on all molars happened (and is happening) simultaneously based on
their functional correlations.

Changes of characters in Microtus agrestis and M. socialis are slightly different.
Additional small dental prism is developed only on M2 — a constant diagnostic character
for Microtus agrestis and partially for M. socialis.

The appearance of cement on molars is characteristic in the evolution of most
representatives of the family Arvicolidae unlike Cricetidae. This character is adaptive
and can be regarded as apomorphy in relation to cricetids. Cement as a structural
tooth element undoubtedly strengthens it, especially when the hard food is chewing.
However, Lagurus and Dicrostonyx did not acquire this character. The evolutionary
history of voles has many examples of the parallel occurrence of cement in
Promimomys—Mimomys—Arvicola, Promimomys—Mimomys—Allophaiomys—Microtus,
Pliomys—Clethrionomys, Dolomys. The important characteristics of this process are the
initial stages of the cement appearance and its fixation in evolution, e. g. in Dolomys
(Topachevsky, Nesin, 1989).

Representatives of the tribe Lagurini do not have the cement on molars, though
they feed on rough-textured food in xerophilous conditions. This is somewhat
inconsistent with the concept of adaptive traits in the Arvicolidae and requires further
explanation. Probably, representatives of this tribe were not pre-adapted to that. The
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absence of cement on teeth of extant Lagurus towards its ancestors (Promimomys—
Cseria—Borsodia—Prolagurus) can be evaluated as a plesiomorphy. The same we can say
about the presence of roots on molars in Pliocene cricetids and arvicolids. However,
roots gradually disappeared at the expense of pedomorphosis at the initial stages of
the Plio-Pleistocene evolution of voles with subsequent fixation of teeth with constant
growth (Rekovets, 1994). This transitional process in Arvicolidae was relatively fast
(at the Plio-Pleistocene boundary), however, Prolagurus and Lagurodon have lost the
roots on their molars slightly earlier than Allophaiomys (Topachevsky, 1973; Rekovets,
Nadachowski, 1995).This pedomorphic process within Arvicolidae continues recently
(Clethrionomys, Prometheomys, Ellobius). There are also other viewpoints on these
characteristics (Tesakov, 2004).

An important character for the taxonomy and systematics of voles is a
developmental stage of dentine tracts, which defines the edge of enamel coating on the
inferior part of the tooth (Rabeder, 1981). This character is correlatively associated
with the presence of roots and the hypsodont teeth (Nesin, 1988; Tesakov, 2004).
Recently, it is still difficult to assess the adaptive value of this character, but it is
believed that such dentine tracts (linea sinuosa) speeds the erasure process, and thus
contributes to its more intensive growth. It can be argued that this character is highly
variable in time and is characterized by the unidirectional development (elongation
of tracts), as well as the parallelism in its manifestation in different taxonomic groups.
The lowest tracts, resembling slightly wavy line, are in Cricetidae (Microtodon,
Ischymomys, Trilophomys) and ancient Arvicolidae (Baranomys, Baranarviomys,
Polonomys, Promimomys). Voles of the first half of Pliocene (Mimomys, Borsodia,
Pliomys, Dolomys) are characterized by the higher (extended) dentine tracts. Later,
in the second half of the Pliocene, many above-mentioned groups have had the most
extended dentine tracts (linea sinuosa) reaching the occlusal surface.

In recent years, characters of the tooth enamel ultrastructure were included into
the practice of taxonomy of the family Arvicolidae (Koenigswald, 1980, 1997). The
functionality and adaptability of these characters is well known. It is shown the difference
of the enamel structure in different taxa, levels of their evolutionary advancement
(primitive and progressive enamel), as well as the enamel functionality in different parts
of the tooth. The enamel has a similar structure (radial, tangential and lamellar), typical
for the most of Arvicolidae. However, Mimomys, Arvicola, Allophaiomys, Microtus have
all three major enamel layers; representatives of the tribe Lagurini have lost the tangential
enamel; Lemmus has a specific “lemming” enamel layer, etc. The enamel structure is also
susceptible to variability (especially in ontogeny), correlations (with hypsodonty) and,
of course, to adaptatiogenesis, especially in different parts of the tooth (Koenigswald,
Sander, 1997).

Contrasting climatic conditions during Pleistocene caused another rapid
adaptatiogenesis within the Arvicolidae. It was manifested in a wide divergence of
Microtus in the Holarctic during the early Pleistocene (van der Meulen, 1973). This genus
is represented as a very dynamic structure having substantial variability both in time and
in range, often with the status of uncertain taxonomic units (transitional forms, subspecies,
semispecies, superspecies). Recently this genus is represented by hundreds of species
occupying different ecological niches (Jaarola et al., 2003).

Morpho-physiological progress of the family Arvicolidae is manifested through a
number of adaptations for digging, aqueous conditions, etc. These were characterized for
the extinct Pliocene forms, whose adaptations were similar in similar habitat as evidenced
by the morphology of their teeth. During the Plio-Pleistocene, voles have had a high genetic
diversity, physiological adaptations and morphological variability (Gromov, Polyakov,
1977).
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Conclusions

We can distinguish the patterns associated with a particularly inertial type of
manifestation of the natural selection and evolution of Arvicolidae as a whole.

1. The family Arvicolidae is phylogenetically related to Cricetidae. The transition from
the “cricetid” to “arvicolid” type in structure of their teeth is based on the change of their
function and characteristics of the whole masticatory apparatus and aimed at more effective
mastication during the late Miocene.

2. Since that time, arvicolids have got an opportunity to evolve rapidly due to wide
range of their teeth variability. It allowed to appear a wide adaptive radiation: stabilizing
selection has replaced the driving form of natural selection.

3. The most important functional characters along with the natural selection caused
a big taxonomic richness and diversity of voles during Pliocene and Pleistocene. Related
groups of rodents have formed the separate phyletic lineages with a significant expression
of parallelisms and in the molar teeth morphology.

4. Unidirectional trend of morphological transformations of the teeth was determined
by the finding of the most optimally adaptive structure of occlusal surface (teeth with
alternatelylocated prisms, with constant growth (i. e. without roots), an extended paraconid,
without the mark, parallel fold and corrugating unpaired lobe).

5. The level of evolutionary advancement of the Arvicolidae is determined by the
degree of development of their dental system, whose complexity is explained by the
gerontomorphosis — phylogenetic fixation of characters inherent to adult ontogenetic
stages (Mimomys, Villanyia (Borsodia), Pliomys, Dolomys), or by the pedomorphosis —
phylogenetic fixation of characters inherent to juvenile stages (Lagurodon, Ellobius, the loss
of roots in Pliocene genera).

6. Voles are characterized by the inertia of natural selection which is determined by
pre-adaptations (or genetic predisposition) to the development of characters which are not
depended from the environment.

7. Rapid evolutionary rates of Arvicolidae during relatively short period of time (5 Ma)
are well correlated with parallel morphological changes of their molars.

Phenomenon in the evolution of Arvicolidae is connected with a relatively fast process
of changing of their teeth functionality (from the crushing to chafing or milling the food)
and the unidirectional transition to teeth with constant growth. All these changes have
provided a wide range of adaptive radiation for voles. The natural selection with genetic
processes in palaeopopulations has determined the development of individual phyletic
lineages within Arvicolidae and their high taxonomic diversity in ecosystems. The problem
of the evolution of voles exactly lies in the above-mentioned phenomenon. In spite of
numerous publications, this issue still remains difficult, especially after the use of molecular
methods for solving the problems of taxonomy, systematic and phylogeny within the family
Arvicolidae.

We are indebted to Alexey Tesakov (Geological Institute of the Russian Academy of Sciences, Moscow,
Russia) and Igor Zagorodniuk (National Museum of Natural History NAS of Ukraine, Kyiv, Ukraine) for
providing valuable comments and advice that significantly improved our article.
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