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Taxonomy of voles of the subgenus Sumeriomys Argyropulo, 1933

(Rodentia, Arvicolinae, Microtus)
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ABSTRACT. Dentition and baculum morphology in social voles of the subgenus Sumeriomys from the
Southern Europe, Caucasus and Central Asia were examined. The specimens investigated come from 20
different sites, majority of which are the type localities for the nominal species-level taxa. Also results of the
study of the karyotype, including differentially stained chromosomes for social voles from different parts of
their geographic range and their hybrids are discussed. The synaptoneme complexes (SCs) for study of the
chromosome pairing in different forms of voles was investigated. ForMicrotus(S.) schidlovskii Argyropulo,
1933 and M. (S.) paradoxus Ognev et Heptner, 1928 a species status is confirmed by our research. Two new
subspecies of M (S). socialis Pallas, 1773 are described: M. s. aristovi Golenishchev ssp. nov. and M. s.
zaitsevi Golenishchev ssp. nov. The identification keys based on the baculum structure for the subgenus
Sumeriomys are presented.
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TakcoHoMusA noneBok noapoaa Sumeriomys Argyropulo, 1933
(Rodentia, Arvicolinae, Microtus)

®.H. Nonenuwes, 0.B. CabnuHa, IN.M. BopoauH, C.lN'epacnmos

PE3IOME. HccnenoBanock cTpoeHne 3yOHON CHCTEMBI U OaKyJTIOMa y OOIIECTBEHHBIX TTOJIEBOK MOIPOIa
Sumeriomys n3 10xH0# EBpormer, KaBkaza u Cpenneit Asun. M3y4eHHBIH MaTepuan mpoucxoauT u3 20
Ppa3JINIHBIX TOYCK, 6OJ'II:IHI/IHCTBO 13 KOTOPBIX ABJIAKOTCSA TUITOBBIMU MECTOHAXOXICHUAMMU JIJI1 HOMHUHAJIb-
HBIX TAKCOHOB BUJIOBOTO ypoBHs. OOCYKIal0TCs TAKXKe PE3yJIbTaThl U3yYSHUs] KAPUOTHIIOB, B TOM YHCIIE
muddepeHranbHO OKpaIIEHHBIX XPOMOCOM OOIIECTBEHHBIX ITOJIEBOK U3 Pa3HBIX TOYEK apeasa, a TakKe UX
ruopuaoB. UccnenoBaics cuaanToHeMHbId komiuteke (CK) 1t u3ydeHus ciapuBaHus XpOMOCOM Y Pa3HBIX
dopm moneBok. [loarBepknmen BumoBoil craryc Microtus (S.) schidlovskii Argyropulo, 1933 u
M. (S.) paradoxus Ognev et Heptner, 1928. Breimeneno asa HOBBIX IOABHUAA B mipenenax M. socialis Pallas,
1773: M. 5. aristovi Golenishchev ssp. nov. u M. s. zaitsevi Golenishchev ssp. nov. CoctasiieHa onpeesnu-
TesibHast Tabnuna 1uis moxpona Sumerionys 10 CTPOCHUIO OaKyJroMa.

KJIFOYEBLIE CJIOBA: Microtus, Sumeriomys, TAKCOHOMUSI, pacipeneieHne, Mopdoorus.

Introduction

The subgenus of social voles (Sumeriomys Argyro-
pulo, 1933) units some species and forms of unclear
taxonomic status. There are several opinions on the
taxonomic composition of this subgenus. According to
Argyropulo (1933), the subgenus includes the social
vole, M. socialis Pallas, 1773 (with the subspecies M. s.
socialis, M. s. paradoxus Ognev et Heptner, 1928, and
M. s. irani Thomas, 1921), the Guenther’ vole, M.
guentheri Danford et Alston, 1880, and the Schidlovski’
vole, M. schidlovskii Argyropulo, 1933, as well as some

forms of unclear taxonomic status from the Middle East.
Ellerman (1941) considered within the M. socialis three
subspecies: M. s. irani, M. s. paradoxus and M. s.
schidlovskii. However, later he consideredM. iranias an
independent species (Ellerman & Morrison-Scott, 1951).
Corbet & Hill (1980) and Harrison & Bates (1991)
attributed all the nominal forms of Sumeriomys to the
single speciesM. socialis. Zykov & Zagorodnyuk (1988)
reestablished the taxonomic status of the M. paradoxus
as an independent species, based on some morphologi-
cal differences between the latter form and M. socialis
and a lack of hybrids between M. paradoxus and M. s.
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TABLE 1. MATERIALS INVESTIGATED ON THE SOCIAL VOLES (SUBGENUS SUMERIOMYS) COLLECTED IN THE FIELD.

Taxon and locality . N_u.mber of alive Number.of museum .speci.mens
individuals collected collected, either dry or fixed in alcohol
M. socialis nikolajevi
Ukraine, Kherson Prov., Kuyuk-Tuk* 10,19 13,299
Ukraine, Kherson Prov., Askania Nova Reserve** 43,299
Ukraine, Crimea: 19,19
vicinity of Dzhankoy, 200
Sovetskii settlement 15,19
Peschanoye village 1d
Vicinity of Kerch 13,299
M. s. binominatus
Georgia, vicinity of Tbilisi* 63,892 533,699
M. s. goriensis
Georgia, Tamarasheni settlement* 10 0T, 4 99
M. s. parvus
Russia, Stavropol Prov., Divnoye settlement* 11 dd, 10 %
Russia, Daghestan, Kaspiisk settlement 20d,2 99
M. schidlovskii
ﬁgr;etr;]i:,t;zgnlolii;tirti;:t, Maralik settlement, 40 km SW 85, 499
Armenia, Vedin District, Khosrov Reserve 203,19
M. paradoxus
Turkmenistan, Kopetdagh Mountains, Dushak Mountain* 4 0, 499
M. guenthern strandjensis
auelgi:s:,lf:;'lgi;;s Prov., vicinity of Sozopol, 25 km N from 65T, 79

* terra typica.
** the material was present by A.E. Zykov.

nikolajevi Ognev, 1950 in the laboratory interbreeding.
However, these authors lack comparative materials from
other subspecies, taken from the type localities, and a
number of hybridization experiments (six) was not suf-
ficient enough, which was appreciated by the authors
themselves. Some authors (Akhverdyan, 1989; Akhver-
dyan et al., 1991a, b) tried to demonstrate a species
status for the M. schidlovskii. But, unfortunately, the
voles collected by them for karyologic analysis and
hybridization experiments were derived not from the
type localities of the nominal forms. More recently,
Musser & Carleton (1993) listed three species for the
subgenus — M. guentheri, M. socialis, and M. irani.
According to Gromov (Gromov & Erbaeva, 1995), in
addition to M. socialis, also M. schidlovskii and M.
paradoxus should be treated as distinct species. Pavli-
nov et al. (1995) considered the M. schidlovskii and M.
paradoxus as junior subjective synonymous for the M.
socialis and M. irani respectively.

Although the diploid chromosome count for M.
socialis has long been known (Matthey, 1953), the

karyotype of populations from different parts of the
geographic range of the subgenus has been investigated
quite superficially. This does not provide data enough
for the assessment of the taxonomic status for some
poorly known geographic races and elaborating of the
taxonomic structure for the whole subgenus. Our work is
devoted to the partial filling of this gap and presents the
results of our taxonomic revision of the subgenus Sum-
eriomys from the territory of the former USSR.

Materials and methods

The materials investigated in this paper were collected
during the field expeditions in the years 1985, 1987, 1990, 1991
(Tab. 1). The specimens were collected predominantly from the
type localities (terra typica) of the nominal species level taxa
within the subgenus Sumeriomys, or from the regions approx-
imating the type localities (Fig. 1). Alive animals collected were
kept in the vivarium of the Zoological Institute in Saint Peters-
burg under the standard laboratory conditions, satisfying the
requirements of the instruction 12000-496, approved by the
Presidium of the Academy of Sciences of the USSR on April 2,
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Figure 1. THE LOCALITIES OF THE SUMERIOMYS
SPECIMENS EXAMINED: | — M. s. nikolajevi, 2 — M.
schidlovskii, 3 —M. s. binominatus, 4 —M. s. goriensis,5 —
M. s. parvus, 6 —M. paradoxus, T— M. guentheri strandjen-
sis, A — M. socialis aristovi ssp. nov., Z — M. socialis
zaitsevi SSp. NOV.

1980, and of the order 22 issued by the Ministry of Higher
Education on September 13, 1984.

The molars and skull structure and pelage coloration were
investigated in 120 museum specimens, collected in the field,
and in 152 specimens which were born in the laboratory. All
materials examined are housed in the Zoological Institute,
Russian Academy of Sciences, St. Petersburg collection (ab-
breviated ZIN). The baculum structure was investigated in all
nominal forms mentioned in Tab. 1, as well as in specimens
of M. s. socialis from the right bank of the Emba River, Gur’ev
Province of Kazakhstan, of M. s. gravesi Goodwin 1934 from

TABLE 2. BACULUM MEASUREMENTS IN SUMERIOMYS SPECIES (IN mm).
AVERAGE (FIRST LINE) AND LIMITS OF VARIATION (SECOND LINE).

, ) Length of the Length of the
Taxon and locality n Total Shaft's W'dth of the trident’'s medial trident’s lateral
length length shaft's base : - . -
ossicle (=process) | ossicle (=process)

M. socialis socialis 5 35 2.34 1.31 1.17 0.98
Kazakhstan, Emba 3.25-3.70| 2.20-2.50 | 1.10-1.50 1.00-1.35 0.75-1.10

4 4.06 2.59 154 1.48 1.13
M. s. nikolajevi 3.80-4.40| 2.25-2.90 | 1.45-1.65 1.35-1.60 1.00-1.20
Ukraine, Crimea 15¢| 399 2.59 1.37 1.22 1.01

3.60-4.45| 2.15-3.15 | 1.10-1.70 1.00-1.40 0.75-1.20

M. s. binominatus 19 4.04 2.59 1.38 1.32 1
Georgia, Thilisi 3.65-4.40| 2.25-2.75 | 1.10-1.65 1.10-1.55 0.85-1.25
M. s. aristovi ssp. nov. 4 421 2.65 153 1.45 1.13
S-W. Azerbaijan 4.00-4.40| 2.60-2.75 | 1.20-1.70 1.20-1.60 1.05-1.25
M. s. zaitsevi ssp. nov. 3 3.85 2.45 1.18 1.38 0.98
E. Azerbaijan 3.60-4.10| 2.30-2.60 | 1.15-1.25 1.30-1.45 0.80-1.10
M. s. goriensis 1 3.72 2.38 1.29 1.26 0.95
Georgia, Tamarasheni 3.40-4.00| 2.15-2.50 | 1.10-1.60 1.15-1.45 0.85-1.05
M. s. parvus 8 4.03 2.58 1.49 1.25 0.86
Russia, Stavropol Prov., Divnoye 3.70-4.35| 2.05-2.90 1.05-1.70 1.10-1.45 0.75-0.95
M. s. parvus 7 3.97 252 1.36 1.33 0.94
Russia, Daghestan, Kaspiisk 3.75-4.30| 2.40-2.85| 1.15-1.55 1.25-1.40 0.85-1.05
M.s. gravesi 2 [3.70,4.00| 2.50,2.70 | 1.40, 1.50 1.20, 1.30 1.00, 1.05
Kazakhstan, Baigara
M. schidlovskii 5 4.43 2.72 1.62 153 0.95
Armenia, Talin 415-4.80| 2.25-2.90 | 1.40-1.80 1.35-1.90 0.75-1.20

7 452 3.32 1.72 0.99 0.97
M. paradoxus 4.10-5.00| 2.95-3.65| 1.55-1.90 0.95-1.05 0.95-1.05
Turkmenistan, Kopetdagh .| 426 3.06 1.73 1.08 1.01

8 4.00-4.75| 2.70-3.60 | 1.55-1.95 0.95-1.10 0.95-1.10
M. guentheri strandjensis 5 4.43 3.15 1.92 1.24 1.08
Bulgaria, Burgas Prov., Sozopol 415-4.75| 2.95-3.50 | 1.55-2.30 1.15-1.35 1.05-1.15

* Data after Aksenova (1983).
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Figure2. MOLARS OF THE SUMERIOMYS VOLES IN
OCCLUSAL VIEW: ml (A,C,E,G,J, K, M, 0, R, T, V, X,
AND Z) ANDm3 WITH POSTERIOR PORTION OF M2 (B,
D,F,H,L,L,N,P,S,U, W, Y AND ZZ). Scale bar | mm. A,
B — M. s .socialis, ZIN 6806, Kazakhstan, vicinity of the
Gur’ev city; C, D — M. s. nikolajevi, ZIN 77665, Ukraine,
Kherson Province, Kuyuk-Tuk Island; E, F — M. s. binomi-
natus, ZIN 77638, Georgia, vicinity of the Tbilisi city; G, H
— M. 5. goriensis, ZIN 78334, Georgia, Tamarasheni; [, ] —
M. 5. goriensis,ZIN 77661, Georgia, Tamarasheni; K, L —M.
schidlovskii, ZIN 26070, Armenia, Nalband; M, N — M. s.
parvus, ZIN 77683, Russia, Stavropol Province, Divnoye; O,
P —M. paradoxus, ZIN 71302, Turkmenistan, vicinity of the
Ashkhabad city, Dushak Mountain; R, S — M. paradoxus,
ZIN 71780, Turkmenistan, vicinity of the Ashkhabad city,
Dushak Mountain; T, U — M. s. gravesi, ZIN 57235, Kaza-
khstan, Betpakdala Steppe, Baigara; V, W — M. guentheri
strandjensis, ZIN 80128, Bulgaria, Burgas Province, Sozo-
pol; X, Y — M. s. zaitsevi ssp. nov., ZIN 72639, holotype,
Azerbaijan, vicinity of the Baku city; Z, ZZ — M. s. aristovi
ssp. nov., ZIN 37637, holotype, Azerbaijan, Veysalli.

Figure 3. BACULUM IN THE SUMERIOMYS VOLES.
Scale bar 1 mm. A, B— M. s. socialis, ZIN 49565 (A) and
49563 (B), Kazakhstan, Gur’ev Province, right bank of the
Emba River; C — M. s. nikolajevi, ZIN 84926-2, Ukraine,
Crimea, Kerch; D — M. 5. nikolajevi, ZIN 84926-3, Ukraine,
Crimea, Peschanoye; E — M. 5. binominatus, ZIN 84925-35,
Georgia, vicinity of the Tbilisi city; F — M. 5. goriensis, ZIN
84923-58, Georgia, Tamarasheni; G, H — M. schidlovskii,
ZIN 84922-31 (G) and 84922-25 (H), Armenia, Maralik; J,
—M. s .parvus, ZIN 84924-34 (1) and 84924-35 (J), Stavropol
Province, Divnoye; K, L — M. paradoxus, ZIN 84916-257
(K) and 84916-256 (L), Turkmenistan, vicinity of the Ash-
khabad city, Dushak Mountain; M, N — M. s. gravesi, ZIN
57076 (M) and 57074 (N), Kazakhstan, Betpakdala Steppe,
Baigara; O — M. guentheri strandjensis, ZIN 84905-205,
Bulgaria, Burgas Province, Sozopol; P — M. s. zaitsevi ssp.
nov., ZIN 72639, holotype, Azerbaijan, vicinity of the Baku
city; Q — M. s. zaitsevi ssp. nov., ZIN 78872, paratype,
Azerbaijan, Karachala; R — M. s. aristovi ssp. nov., ZIN
38209, paratype, Azerbaijan, Karyagino; S — M. s. aristovi
ssp. nov., ZIN 38234, paratype, Azerbaijan, Lachin; T, U —
M. s. parvus, ZIN 84927-28 (T) and 84927-15 (U), Russia,
Daghestan, Kaspiisk.
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the Betpakdala Steppe, Dzhambul Province of Kazakhstan,
and undetermined social voles from some places in the Azer-
baijan: vicinity of the Baku City and Karachala village (East-
ern Azerbaijan) and Fizuli City and Lachin City (South-
Western Azerbaijan). Altogether 80 bacula were investigated
(Tabl. 2).

Altogether 24 metaphase chromosomes and 12 meiotic
chromosomes cover-glass preparations were made from the
bone marrow cells using the generally adopted methods (Ford
& Hamerton, 1956; Williams ez al., 1971). G- and C-banding
were performed according to Seabright (1971) and Sumner
(1972) respectively.

The two preparations of synaptoneme complexes (SCs)
were derived from the primary spermatocytes taken from the
testes of an adult laboratory hybrid males were produced
according to Chandley (1990); they were stained with the
silver nitrate (Howell & Black, 1980). The latter were exam-
ined and photographed with a JEM-100, Jeol, Japan electron
microscope.

In the hybridization experiments 221 pairs of animals
were involved in different combinations.

Results and discussion

Morphology

A quite detailed morphological description of differ-
ent Sumeriomys voles was published previously (Argy-
ropulo, 1933; Ognev, 1950; Zykov & Zagorodnyuk,
1988), so in this paper only a brief information or
additional details which concern mainly the anterior
lower (m1), second upper (M2), and posterior upper M3
molars (Fig. 2) as well as the shape of os penis, are given
(Fig. 3, Tab. 2). Preliminary data on baculum size and
structure variation have been published previously (Go-
lenishchev, 1999).

M. socialis socialis. Size small, head and body up to
95.5 mm, in average 92.5 mm. Pelage of upper surface
ochraceous, tinted with pale-yellow; underparts light-
gray, with a yellowish tinge; tail slightly bichromatic.
Number of foot-corns 5/5.

In comparison with other nominal forms of the
subgenus M. s. socialis can be characterized by the
comparatively small skull and auditory bullae, and nar-
row interorbital space. In m1 there are five prismatic
folds from the lingual side and four folds from the labial
side (5/4). The anterior unpaired prismatic fold in m1 is
relatively wide, the first pair of reentrant angles is of
equal depth, and the first pair of prismatic folds is placed
alternate to each other. M1 is without any additional
cogs. In M2 an additional cog can be rarely present. M3
morphotype could be either 4/4 or4/3. The morphotypes
4/3 and 4/4 differs in the number of the prismatic folds
from the labial side, being three or four respectively. On
the lingual side there are four prismatic folds in M3.
Shaft and trident of baculum are smaller than in other
forms examined. The broadened base of the baculum
shaft is rounded in posterior part and its shoulders are
slightly turned up.

M. 5. nikolajevi specimens from six localities differ
only alittle from each other. This formis also small, head

and body 89-92 mm, in average 90.8 mm. Pelage of
upper surface pale-grayish, withoutan ochraceous tinge;
underparts light gray, tinted with yellow; tail slightly
bichromatic. Number of foot-corns 5/5.

In the skull proportions this form is very close to the
nominative one. The anterior unpaired loop of m1 is not
wide and its first anterior fold is not deep, which gives an
asymmetric appearance to the paraconid. M1-2 usually
lack an additional cog. The predominate morphotype of
M3 is 4/3; the morphotype 4/4 can be found very rarely.
The baculum morphology for this subspecies was de-
scribed by Aksenova (1983). Our data are in agreement
with her description. The baculum is larger than in the
nominative subspecies, mainly due to its more massive
trident. According to our data the total baculum length
and the length of trident’s medial ossicle are statistically
reliably greater, than in the nominative subspecies
(P<0.01 and P<0.05 respectively). The shoulders of
shaft’s base are gently sloping, and the basal edge of the
shaft is slightly stretched.

M. s. binominatus is larger than other subspecies. Head
and body 98—111 mm, in average 104.6 mm. Pelage of
upper surface more distinctly gray with pale tinge; under-
taprs gray or light-gray; tail bichromatic.Specimens from
the type locality have number of foot-corns 5/5.

The skull is larger than in the subspecies listed
above, with relatively large auditory bullae. In most
specimens anterior folds in m1 are of equal depth. An
additional cog could be rarely present in M2 and never
inM1. The M3 morphotypes 4/3 and 4/4 are present with
equal frequency. The total baculum length and the length
of the baculum shaft are the same as in the previous
subspecies and reliably longer than inM. s. socialis. The
width of the shaft’s base and the length of the trident’s
medial ossicle are reliably less than in M. s. nikolajevi
(P< 0.05). The shoulders of shaft’s base are gently
sloping; basal edge of the shaft is either rounded or
stretched, the latter condition is more common, occur-
ring in 73.7 % of specimens.

M. s. goriensis is distinctly smaller thanM. s. binom-
inatus. Head and body no longer than 98 mm. Pelage of
the upper surface grayish-pale, with distinct ochraceous
tinge; underparts light-gray; distinct border in colora-
tion between upper and ground surfaces; tail bichromat-
ic. Number of foot-corns 5/5.

The skull proportions and molars dimensions are
very similar to those in M. s. nikolajevi. The structure of
ml is the same as in M. s. binominatus. Differs from the
latter subspecies by more frequently present an addi-
tional cog in M1-2. In some specimens this additional
cog can be developed in an additional loop in the
posterior side of M2. The baculum is relatively small,
close in size to that in the nominative subspecies, but
having somewhat greater total length (P<0.05). From
the bacula in the nominative subspecies it differs also by
slightly different shape, shoulders of the base are more
gently sloping, the posterior edge of the shaft is more
often stretched (in 62.5% of specimens). Baculum of
this subspecies differs from that in M. s. binominatus,
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the geographically closest subspecies, in reliably lesser
total and shaft’s length (P<0.001). From the baculainM.
s. parvus it reliably differs by greater total length and
shaft’s base width and lesser trident’s lateral ossicles
(P<0.01; P<0.05; P<0.05 respectively).

M. s. parvus is a relatively small-sized subspecies.
Head and body not greater than 105 mm. Pelage of upper
surface grayish-pale, with yellowish tinge; underparts
gray or light-gray; tail slightly bichromatic. Number of
foot-corns 5/5.

The skull is not wide and the auditory bullae are
larger than in all the subspecies listed above, with
exception of M. s. binominatus. An asymmetric para-
conid in ml resembles that in M. s. nikolajevi. An
additional cog is rarely present in M2 and not found in
MI. The prevailing morphotype of M3 is 4/3.

Baculum is of a medial size, resembles that in M. s.
nikolajevi, though the lateral and medial ossicles of its
trident are somewhat shorter than in the latter (P<0.001
and P<0.05 respectively). Shoulders of the shaft’s base
are gently sloping, its posterior edge is most often
stretched (in 62.5 % of specimens).

M. 5. gravesi is a small-sized vole. Head and body up
to 115 mm. Pelage of its upper surface grayish-pale and
very light, lighter than in other social voles; underparts
light-grays; tail either monochromatic or slightly bichro-
matic. Number of foot-corns 5/5.

The skull is very similar in proportions with that in
M. s. binominatus. The skull is wider than in other
subspecies M. socialis, auditory bullae are comparative-
ly large. The structure of m1 is typical for the voles of
this group, with somewhat prevailing asymmetrical para-
conid. Anadditional cog is sometimes present in M2 and
never in M 1. The wealth majority of specimens have the
4/3 morphotype of M3. Baculum is of a medial size,
trident’s ossicles are only slightly differs in length,
shoulders of the shaft’s base are gently sloping, posteri-
or edge of the shaft’s base is rounded.

M. schidlovskii is a vole of a small size. Head and
body 99-118 mm, in average 105.6 mm. This species
differs from all other social voles by much darker color-
ation. Back grayish-brown; underparts gray or light-
gray with yellowish tinge; tail bichromatic. Number of
foot-corns 5/5.

The skull is more flattened and broadened than in all
the other voles of the subgenus, auditory bullae are
small. Anterior unpaired loop of m1l is wide, the first
anterior lingual prismatic fold and the first labial one are
set up almost opposite to each other. An additional cog
rarely occurs in M2 and absent in M 1. The main morpho-
types of M3 are 4/3 and 4/4, although the archaic
morphotype 3/3, which is not recorded in all the other
forms of the subgenus, can be rarely observed. Baculum
is large, in contrast to all the other social voles, the
shoulders of its broadened base are distinctly turned up,
being almost perpendicular to the shaft. Medial ossicle
of the trident is longer than the lateral ones. The shaft’s
broadened base is stretched, its posterior edge is without
a cutting. It reliably differs from baculum in M. s.
binominatus, the closest geographic race, by greater

total length, longer trident’s medial ossicle, and greater
width of the shaft’s base (P<0.005, P<0.05, P<0.005
respectively).

M. paradoxus distinctly differs by some characters
from all the other voles of the subgenus Sumeriomys
(Ogneff & Heptner, 1928; Zykov & Zagorodnyuk, 1988).
It is a large vole, close to M. guentheri in body dimen-
sions. Head and body up to 135 mm, in average 116.5.
Pelage of upper surface grayish-pale, with a distinct
yellowish tint; underparts either light-gray or whitish;
tail either monochromatic or slightly bichromatic. Num-
ber of foot-corns usually 6/6, sometimes 5/5.

The skull is massive and broad, larger than in all the
other species of the subgenus, with exception of M.
guentheri. The brain-case is inflated. The auditory bul-
lae are comparatively small. The anterior unpaired loop
of m1 is broad, the first pair of prismatic folds are most
often set up accumbently, the first prismatic labial fold
being somewhat smaller than the lingual one. M 1 usually
has a additional cog, which in some specimens can be
transformed into a loop. M2 always with an additional
loop. Baculum is large, owing to its massive shaft. There
is a well marked median cutting in the posterior edge of
the shaft’s broadened base. The medial ossicle of the
trident is short, its length is equal to that of the lateral
ones (Fig. 3K, L; Tab. 2). M. paradoxus reliably differs
by all baculum characters, except the length of trident’s
lateral ossicles, from other known representatives of the
subgenus.

The similar description of baculum in M. paradoxus
was made by Aksenova (1983). Didier (1954) presented
a detailed description of a baculum belonging to some
social vole from Iran, which also possessed a medial
cutting of the shaft’s base. However, in contrast to that
of M. paradoxus, it has more sloping guentheri-like
shoulders. Unfortunately, Didier did not mention the
geographic locality where the specimen had been col-
lected, and thus, taking into consideration a high diver-
sity of Iranian social voles (Golenishchev et al., 1999),
this specimen cannot be attributed to M. irani.

M. guentheri strandjensis is a big vole. Head and
body up to132 mm, in average 123.7 mm. Back ochra-
ceous-gray, darker than in other social voles with excep-
tion of M. schidlovskii; body and head sides with prom-
inent reddish tinge; underparts light-gray; tail slightly
bichromatic. Number of foot-corns 5/5.

In the skull the brain-case is strongly inflated, the
rostrum is high, the auditory bullac are small. The
anterior unpaired loop of m1 is broad, the first anterior
labial fold is usually not deep. An additional cog may be
presented sometimes in M2 and absent in M1. In the
morphotype 4/3 is predominate. The baculum is large,
resembling that of M. paradoxus, but having more
gently sloping shoulders and longer trident’s ossicles
(P<0.001 for the medial, and P<0.005 for the lateral
ones). A medial cutting of the shaft’s basal edge is
present, but less distinct than in M. paradoxus.

The social voles inhabited the South-Eastern Tran-
scaucasia down to the cost of the Caspian Sea, are of a
particular interest. They are usually referred to the M. s.
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binominatus (Ognev, 1950; Gromovetal., 1963),
though their upper pelage is lighter than in that
subspecies. The most light voles occur in the
Eastern Azerbaijan in the vicinity of Baku City.
Their back light, grayish-pale, with yellowish
tinge more prominent than grayish; underparts
light-gray with, slightly yellowish; tail mono-
chromatic.

The social voles from the Eastern Azerbaijan
are quite similar toM. s. binominatusin the shape
of skull and size of molars, though their auditory
bullae are larger. The majority of Transcaucasian
specimens possess a distinctly developed addi-
tional cog in M1-2, which is transformed some-
times into an additional loop (Fig. 2Y). The
baculum is somewhat smaller than inM. s. binom-
inatus, with a comparatively narrow base and a
short trident. The shoulders of the base are gently
sloping (Fig. 3P, Q).

The social voles from the South-Western
Azerbaijan are somewhat darker. They differ
from the Eastern Azerbaijanian form also in a
larger skull and auditory bullae, the latter being
the largest within the subgenus. An additional cog
is rarely present in M2 (Fig. 2ZZ) and absent in
MI. The baculum has the same length as in M. s.
binominatus, but has a more massive appearance
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According to Argyropulo (1933), the social
voles of the Moghan Steppe in the Eastern Azer-
baijan also have a baculum with the rounded
shaft’s base. The social voles from the vicinities
of Kaspiisk in Daghestan, which are referred by
some authors (Akhverdyan, 1989) to M. s. bi-
nominatus, are quite similar toM. s. parvus in the pelage
coloration, but distinct in occasional occurring of six
foot-corns either in both foot (in 9.0 % of the individuals
examined) or in one of the feet (in 15.4%). The baculum
is also similar to that in M. s. parvus (Fig. 3T, U).

In general, the material from different regions is
quite variable. For instance, one of the social voles (ZIN
38933) from the neighborhood of the Elton Lake, Vol-
gograd Province, is quite similar to M. paradoxus in
shape of its skull and molars, while all the other speci-
mens collected from that locality look as a typical M.
socialis. Also quite a morphologically distinct popula-
tion inhabits the region ofthe Alacol’ Lake in the Eastern
Kazakhstan. In this form the skull is much wider than in
M. s. gravesi, the auditory bullae are comparatively
large. M1-2 lack an additional cog. This form is geo-
graphically adjacent to the range of M. s. bogdoensis
Wang et Ma 1982, described from the foothills of the
Bogdo Range in North-Western China. The latter is
known to be the most eastern subspecies of M. socialis
that has been ever found. The length of tail was consid-
ered as the main feature distinguishing between M. s.
bogdoensis andM. s. gravesi (Wang & Ma, 1982). In the

Figure 4. KARYOTYPES IN THE SUMERIOMYS VOLES (TO-
TAL STAINING). A — M. s. binominatus, 3'; B — M. schidlovskii,
9; C — M. guentheri, §.

Chinese subspecies the tail is longer than 25 mm. But,
according to our data, in M. s. gravesi, quite often, the
tail can also be longer than 25 mm.

The frequency of occurrence and extent of expression
ofanadditional cogin M1-2 increase from the Crimea and
South-Eastern part of the European Russia to the Turk-
menistan. For instance, in the Crimea, Kherson Province,
circum-Azov Sea region, and Northern Caucasus only
single individuals with an additional cog, being present
only in M2, were recorded. In the Transcaucasian M. s.
goriensis and in the Eastern Azerbaijanian social voles
this cog can be present on both M1 and M2, sometimes
being transformed into an additional loop. On the other
hand, in the social voles inhabiting to the East from
Turkmenistan, these characters are again less frequent.

Description of karyotypes

The karyotype in M. socialis (M. s. nikolajevi, M. s.
binominatus, M. s. goriensis, M. s. parvus) and M.
paradoxus contains 62 chromosomes (Fig. 4A). The
diploid number of chromosomes in M. schidlovskii is 60
(Fig. 4B), and in M. guentheri is 54 (Fig. 4C).
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Figure5. C-BANDED CHROMOSOMES IN THESUMERIOMYS
VOLES. A — M. s. binominatus, &'; B — M. paradoxus, 9; C — M.

schidlovskii, 2; D — M. guentheri, 3.

All the chromosomes inM. socialis and M. paradox-
us, including the sexual ones, are acrocentrics of de-
creasing size. X-chromosome is large, and Y is compar-
atively small. Only in M. schidlovskii the first pair of
autosomes is distinctly larger than the others. In M.
guentheri all the autosomes and the Y-chromosome are
also acrocentrics, and X-chromosome is subtelocentric.
The detailed description of the karyotype for the Guen-
ther's vole, was published by Belchevaet al. (1980). Our
data agrees with that description.

In all karyotypes examined heterochromatin is pre-
sented as small slightly stained precentromeric blocks in
autosomes and X-chromosome. Y-chromosome is com-

pletely heterochromatic (Fig. SA-D). All the
pairs of G-banded autosomes and sexual chro-
mosomes are distinctly visible (Figs. 6-8). The
karyotypes of M. s. nikolajevi, M. s. binomina-

L tus, M. s. goriensis, M. s. parvus and M. para-
doxusfoundto be identical. We show here (Fig.
s & 6A) karyotypes of only two of these forms, M.

s. binominatus(Talysh Mountains, Azerbaijan)
and M. paradoxus. Comparative analysis of G-
A banded chromosomes revealed the only karyo-
typic difference between M. socialis (exempli-
.. fied by M. s. nikolajevi) and M. schidlovskii:
4 the first (the largest) autosome of M. schid-
lovskii corresponds with two fused autosomes
of M. socialis (the largest and the smallest
ones). All the other chromosomes of both of the
species, including the sexual ones, are identi-
cal. According to Akhverdyan (1989), in the
e Western Armenia the diploid number of chro-
mosomes in some individuals of M. schid-
lovskii is 62, instead of 60. That aberrant kary-
otype is supposed to be identical to that in M.
socialis.
Comparison of G-banded chromosomes in
M. socialis and M. guentheri (Fig. 8) showed
that their karyotypes differ from each other in at
least four tandem fusions: in three cases one
autosome of M. guentheri corresponds with
two fused autosomes of M. socialis and, on
contrary, one of the autosomes of M. socialis
corresponds with two fused ones of M. guen-

i

'

C theri. Those fusions are as follows: G1 chromo-

some corresponds with S1 and S16 ones,
G2 with S14 and S27, G22 with S28 and S30,
S2 with G4 and G26 (G — chromosomes of M.
guentheri, S — chromosomes of M. socialis).
The electron microscopic analysis of meiosis
in hybrids between those two forms showed up
to four trivalents. This confirms the differences
between karyotypes in these forms, which had
been revealed by G-band staining.

Five pairs of autosomes in the M. socialis
karyotype, being identical to the correspond-
ing ones of M. guentheri in the G-band pat-
tern, differ from them in position of cen-
tromere. They are G3 and S3, G4 and S2, G11

and S12, G13 and S11, G16 and S13. All the other
autosomes and sexual chromosomes in both of the
forms are identical. For two small autosomes (24 and
29) in the karyotype of M. guentheri the elements
corresponding with that of M. socialis have not been
found. It could be explained by difficulties in identifi-
cation of so small elements. It should be mentioned,
that owing to the same reason, the chromosomes S27,
S28 and S30, when being involved in tandem fusions,
were recognized quite conventionally. In the diakine-
sis of M. socialis 30 autosomal bivalents with one-two
chiasmas were observed (Fig. 9A).The sexual chromo-
somes are not always completely paired.
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Figure 6. G-BANDED CHROMOSOMES IN THE SUMERIOMYS
VOLES. CENTROMERES ARE MARKED WITH DOTS. A — chro-
mosomes of M. s. binominatus, %, being compared with those of M.
paradoxus, ¢ (in each pair of chromosomes the right one belongs to M.
s. binominatus, and the left one to M. paradoxus); B—karyotype of M.
schidlovskii, 9; C — chromosomes of M. s. nikolajevi, 9, being
compared with those of M. schidlovskii, ¢ (in each pair of chromosomes
the right one belongs to M. s. nikolajevi, and the left one to M.
schidlovskir).
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Hybridization

The hybrids between the four studied sub-
species of M. socialis as well as between each
of them and M. paradoxus in all the combina-
tions of intercrossing were being obtained quite
easily and showed a normal postnatal develop-
ment. However, the fertility of intercrossed
non-conspecific partners occurred to be de-
creased. Moreover when having a free choice
the individuals of both sexes distinctly prefer
copulating with conspecific partners (Zorenko
et al., 1997).

The hybrids of both sexes betweenM. guen-
theri and any other studied form of the subge-
nus were sterile. Among the hybrids between
M. schidlovskii and each of the forms studied,
with exception of M. guentheri, only males
occurred to be sterile, while the females re-
vealed a normal fertility. In the diakinesis of
those hybrid males we find 28 normal autoso-
mal bivalents, one trivalent and either partially
or completely unpaired sexual chromosomes
(Fig. 9B). This observation is in accordance
with an earlier one (Akhverdyan, 1989). How-
ever, we found also four univalents in the later
stages of metaphase Il in those hybrid males. We
suppose it to happen owing to premature disso-
ciation of some two bivalents. Possibly, this is
responsible for the sterility of hybrid males.

In the Fig. 10A, B some spermatocyte cells
of M. s. binominatus, M. schidlovskii and M.
guentheri shown at the stage of a medial
pachytene. The pairing of all the autosomes
was normal. The sexual chromosomes ap-
proached each other but did not conjugate. The
latter phenomenon had also been known for
some other representatives of the genus Micro-
tus (Ashley et al., 1989; Borodin et al., 1991).

In the pachytene cells of hybrids produced
in interbreeding of 0" M. 5. binominatus x ¢ M.
schidlovskii one trivalent was observed (Fig.
10D). In that trivalent the complete pairing
between each of the arms of the biarmed auto-
some and consequent homologous acrocen-
trics can be observed. Sometimes the precen-
tromeric regions were left unpaired, but more
often they are completely paired with each
other. Such a kind of pairing within the robert-
sonian trivalents had already been described
for some rodents and insectivores (Borodin,
1991; Borodin ef al., 1991).

In the hybrids between &' M. guentheri and
9 M. s. binominatus, which are heterozygous in
anumber of chromosomal rearrangements, the
synapsis of chromosomes occurred to be ham-
pered. The majority of cells possess 3-4 robert-
sonian trivalents with a lengthy precentromeric
regions of asynapsis. The univalents and non-
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homologous pairing of chromosomes were also quite
often observed in the hybrids (Fig. 10E). The abnormal
meiosis and sterility of masculine hybrids between M.
schidlovskii and M. socialis of any intercrossing combi-
nation suggests those nominal forms to be distinct spe-
cies within the subgenus Sumeriomys.

The hybrids between all the studied 62 chromosomal
nominal forms occurred to be fertile and possessed a
normal pattern of meiosis. It also concerns M. s. nikola-
jevi and M. paradoxus, in spite of their considerable
geographic remoteness from each other. We suppose
that Zykov & Zagorodnyuk (1988) failed to obtain
hybrids between those two subspecies only because of
the insufficient number of experiments and/or of some
unfavorable conditions. There is no doubt about the
specific distinctness of M. schidlovskii, because this is
advocated not only by experiments on hybridization but
also some morphological data discussed above.

Concerning the taxonomic status of M. paradoxus,
this question does not seems to be so easy, taking into
consideration the fertility of hybrids between that form
and all the subspecies of M. socialis. However, the lower
fertility of M. paradoxus, when being intercrossed with
other social voles of the same karyotype, as well as their
reliably evident mating choice in favor of the native
sexual partners (Zorenko et al., 1997) suggest that it
could be an independent species. Moreover, M. para-
doxus shows significant differences from all the studied
subspecies of M. socialis in size and shape of skull,
molars and baculum.

Figure 9. METAPHASE I OF MEIOSIS IN THE MALES OF
THE SUMERIOMYS VOLES AND THEIR HYBRIDS (sexual chro-

mosomes are marked with long arrows, univalents with short arrows,
trivalents with asterisks). A — M. paradoxus; B, C — F1 hybrid
between G M. paradoxus x § M. schidlovskii.
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Figure 10. SYNAPTONEMAL COMPLEXES IN SPERMATOCYTE
CELLS OF PURE FORMS AND THEIR HYBRIDS (sexual chromosomes
are marked with arrows, trivalents with asterisks). A — M. s. binominatus;
B — M. schidlovskii; C — M. guentheri; D — hybrid F1 (&' M. s.
binominatus x§ M. schidlovskii), translocation trivalent; E— hybrid F1 ("
M. guentheri x @ M. s. binominatus), multiple breach of synapsis.

Taxonomy

The composite taxonomic analysis presented here
confirm the specific status for M. schidlovskii that has
been established earlier by Akhverdyan et al. (1991a).
We accept also the idea of Zykov and Zagorodnyuk
about the species status for the M. paradoxus. Herein the
revised diagnosis is given for only M. schidlovskii. The
complete diagnosis for M. paradoxus was provided by
Zykov & Zagorodnyuk (1988).

Two geographic forms ofM. socialisfrom the South-
Eastern Transcaucasia are described here as new sub-
species.

Microtus (Sumeriomys) schidlovskii
Argyropulo, 1933 —the Schidlovski’ vole.

=Microtus(Sumeriomys) colchicus schidlovskii:
Argyropulo, 1933: S.182.

Holotype — ZIN 26048, adult female (skin
and skull). Vicinity of Nalband railway station,
35 km E from Leninakan, Armenia. Collectors A.l
Argyropulo and N. Podgornov, 9/VI 1932.

Paratypes — ZIN 26043-26047,26049-26056,
26058, 26059, 26061-26070, 26129—26131 (al-
together 28 specimens). Locality and collectors as
for the holotype.

DIAGNOSIS. Back dark, gray-brown. Un-
derparts dark-gray. Adults with a prominent
ochraceous stripe on sides between back and
belly coloration. Tail bichromatic. Ground sur-
face of feet dark. In contrast to other voles of
subgenus, on volar and plantar finger surfaces
there is a pattern of alternating light and dark
rings, formed by corneous scales. Head and
body up to 118 mm, tail 25-34 mm, foot 14.0—
16.5 mm. M2 rarely possesses small additional
cog at its postero-lingual side. Baculum large,
differing from that in other social voles by
turned up shoulders of shaft’s base, compara-
tively long trident’s medial ossicle, and short
lateral ones. Posterior edge of shaft’s base
without a cutting (Fig. 3G, H).Total baculum
length 4.10—4.25 mm, shaft length 2.80-2.95
mm, width of shoulders 1.35-1.45 mm, tri-
dent’s medial ossicle 1.55-1.70 mm, lateral
ossicles 1.15-1.25mm. Diploid number of chro-
mosomes 2n=60.

DISTRIBUTION. Western Armenia.

Microtus socialis aristovi Golenishchev
SSp. nov.

Holotype — ZIN 37637, adult male (skin
and skull). Vicinity of Veisalli, Fizuli District,
Azerbaijan. Collector HM. Alekperov, 15/11 1953.

Paratypes — ZIN 38209, male in alcohol
(baculum). Locality as for the holotype. Collec-
tor HM. Alekperov, VIII 1952; ZIN 38234,
male in alcohol (baculum). Vicinity of the
Lachin City, Azerbaijan. Collector HM. Alek-
perov, 1953.

DIAGNOSIS. Back darker than in geo-
graphically close M. s. binominatus, but con-
siderably lighter than in M. schidlovskii. Skull
with particularly large auditory bullae. An additional cog is
rarely present in M2 (Fig. 2ZZ) and absent in M 1. Baculum as
long as in M. s. binominatus, but has a more massive appear-
ance due to broadened shaft and base. Total baculum length
4.20-4.30 mm, width of shoulders 1.55-1.70 mm, trident’s
medial ossicle 1.45—1.55 mm, trident’s lateral ossicles 1.10—
1.15 mm. Shoulders of shaft’s base are turned up as in M.
schidlovskii, posterior edge of the shaft’s base is rounded
(Fig. 3R, S).

DISTRIBUTION. South-Western Azerbaijan, Nakhiche-
van’, Eastern Armenia.

ETYMOLOGY. The new subspecies is named after late
Dr. Alexei A. Aristov, the scientist of the Laboratory of
Theriology, Zoological Institute RAS, who for many times
participated in collecting the material on social voles in the
field during our joint expeditions.
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Microtus socialis zaitsevi Golenishchev ssp. nov.

Holotype — ZIN 72639, adult male (body in alcohol and
skull in dry collection, os penis kept separately). Vicinity of the
Baku City (airport), Azerbaijan. Collector M.V. Zaitsev, 16/VIII
1985.

Paratypes — ZIN 78871—78875, five adult specimens (dry
skulls preserved in alcohol). Near Karachala City, Azerbaijan.
Collector K.A. Satunin, 25—30/IX 1914.

DIAGNOSIS. Back lighter than in other subspecies, sim-
ilar to that in M. paradoxus. Most close to M. s. binominatus
in shape of skull and size of molars, but differs from the latter
by larger auditory bullae, which are, smaller, however, than in
M. 5. aristovi ssp. nov. An additional cog is present in most
specimens of both M1 and M2, being transformed sometimes
into loop (Fig. 2Y). Baculum shorter and thinner than in M. s.
aristovi ssp. nov., with narrower shaft’s base and compara-
tively short trident’s ossicles. Total baculum length 3.60—
4.10 mm, width of shoulders 1.15-1.25 mm, trident’s medial
ossicle 1.30—1.45mm, lateral ossicles 0.80—1.10 mm. Shoul-
ders of shaft’s base are slanting (Fig. 3P, Q).

DISTRIBUTION. Eastern part of Azerbaijan adjacent to
the coast of the Caspian Sea.

ETYMOLOGY. The new subspecies is named after Dr.
Mikhail V. Zaitsev, the scientist of the Laboratory of Theriol-
ogy, Zoological Institute RAS, who collected a valuable
material on the Caucasian forms of M. socialis.

On the base of the data on the baculum structure
presented in this report we provide identification keys
for the voles of the subgenus Sumeriomys.

1(4). Medial trident’s ossicle is less than 1.35 mm, posterior
edge of shaft’s base with a medial cutting.

2(3). Medial trident’s ossicle is less than 1.20 mm, a medial
cutting at the posterior edge of shaft’s base is prominent
(Fig. 3K, L) oo M. paradoxus.

3(2). Trident’s medial ossicle is more than 1.20 mm, a medial
cutting at the posterior edge of shaft’s base is less prom-
inent (Fig. 30) oo, M. guentheri.

4(1). Trident’s medial ossicle is more than 1.35 mm, the
posterior edge of shaft’s base is without a medial cutting.

5(6). Trident’s medial ossicle is more than 1.70 mm, shoul-
ders of shaft’s base are steep, almost perpendicular to the
baculum vertical axis (Fig. 3G, H) ....... M. schidlovskii.

6(5). Trident’s medial ossicle is less than 1.70 mm, the
shoulders of shaft’s base are gently sloping (Fig. 3A-F, J,
LM, N, P-U) e M. socialis.

Conclusions

The results of our taxonomic revision are in accor-
dance with the idea of Ellerman (1941) about two
species groups within the subgenus Sumeriomys, which
are “socialis” (M. socialis, M. paradoxus, and M. schid-
lovskii) and “guentheri” (M. guentheri). In general,
voles of the “socialis” group show that chromosomal
rearrangements can lag behind the morphological evo-
lution. Such a situation is not typical to the genus
Microtus.

The forms with a close or even identical karyotypes
(M. schidlovskii, 2n=60 and all the forms with chromo-
somes of M. socialis, 2n=62) quite differ from each
other in body size, pelage coloration, presence of an

additional cog in M1-2, including the extent of its
development, size and shape of baculum. All the subspe-
cies of M. socialis are practically allopatric. That is why
their reproductive isolation can be tested only in the
laboratory. Our experiments on hybridization of subspe-
cies considered showed a lack of post-copulating repro-
ductive isolating mechanisms. However, the decreased
fertility of mixed couples gives an evidence of initial
stages of pre-copulating reproductive isolation (Zoren-
ko et al., 1997).

The composition of the “guentheri” group is still in
question. On the one hand, the karyotype of M. g. guen-
theri from Turkey has not been described yet. On the
other hand, a new form of the subgenus recently discov-
ered in Iran (vicinities of Quazvin) possessing a karyo-
type quite close to that of M. g. strandjensis, essentially
differs from the latter in morphology and shape of
molars, skull and baculum (Golenishchev et al., 1999).
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