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Abstract—TheLate Miocene and Early Pliocene Asiatic L ophocricetinae (Dipodidae) are studied. Ten species,
including Heterosminthus saraicus sp. nov. (MN12) and Lophocricetus (Paralophocricetus) progressus sub-
gen. et sp. nov. (MN14) from Eastern Siberia; L. (L). minuscilus Savinov (MN10) and L. (L). vinogradovi Savi-
nov (MN12-MN13) from Kazakhstan; L. (L). reliquus sp. nov., L. (P). intermedius sp. nov. (MN13) and L. (P).
pusillus Schaub (MN14) from Mongolia; and L. (P). afanasievi Savinov (MN13), L. (P). sibiricus sp. nov.
(MN14), and L. (P). ultimus sp. nov. (MN14-MN15) from Western Siberia, are described. The genus

Lophocricetusis revised.

INTRODUCTION

In the Early and Middle Miocene, the subfamily
Lophocricetinae is represented by the genus Heteros-
minthus, known from Central Asia, Kazakhstan, and
Eastern Siberia (Qiu, 1996; Qiu and Wang, 1999; Hock
et al., 1999; Zazhigin and Lopatin, 2000a; Lopatin,
2001). Inthe Late Miocene of Asiaand southern part of
Eastern Europe, late members of Heterosminthus per-
sisted; however, new evolutionarily advanced forms of
the genus Lophocricetus dominated. The latter remained
in Asia up to the end of the Early Pliocene. The study
of new material from the Upper Miocene and Lower
Pliocene of Siberia, Kazakhstan, and Mongolia allows
usto revise the composition of the genus Lophocricetus
and reconstruct the rel ationships between the species.

Below is the description of the majority of Asiatic
Lophocricetus species. It is preceded by a description
of the latest Heterosminthus, which reached a great
similarity to early forms of the genus Lophocricetus.

MATERIALS

We examined material on the Lophocricetinae from
more than 20 Late Miocene and Early Pliocene locali-
ties of southwest Siberia, Tuva, Mongolia, and Olkhon
Island (Lake Baikal). Most of localitiesarein the south-
ern regions of the West Siberian Plain, and many arein
Kazakhstan.

The material from the Late Miocene localities of
southwest Siberia comes from the following forma-
tions: Ishim (Petropaviovsk 1A locality, Kazakhstan,
Petropavlovsk; MN10), Pavlodar (Pavlodar 1A locality,
Kazakhstan, stratotype of the formation isin Pavlodar;

MN12), Kedel (Selety 1A locality, Kazakhstan, Selety
River, 4 km upstream the village of II'inka; lower
MN13), and Novaya Stanitsa (Novaya Stanitsa 1A
locality, Russia, southern outskirts of Omsk; basal hori-
zon of the stratotype of the formation, upper MN13).
The Early Pliocene material was collected in the fol-
lowing formations. Rytovo (Cherlak 1A locality, Omsk
Region; basal horizon of the stratotype of the forma
tion, lower MN14; Pavlodar 1B locality, Kazakhstan,
Irtysh River, outskirts of Pavlodar; lower MN14; and
Pavlodar 2A locality, mines in the city of Pavlodar;
MN14), Kuskol (Beteke 1A locality, Kazakhstan,
Beteke River; MN14), Peshnevo (Peshnevo locality,
southern part of the Tyumen Region, Ishim River at the
village of Peshnevo; MN14; Petropavlovsk 1B locality,
Kazakhstan, Petropavliovsk; MN14; and Andreevka 1A
locality, Omsk Region, village of Andreevkaat the Om’
River; MN14), Beteke (Polovinnoe locality, Omsk
Region, Lake Polovinnoe; MN15; Andreevka 2B local-
ity, Omsk Region, village of Andreevka at the Om’
River; MN15; Beteke 1B locality, Kazakhstan, Beteke
River; MN15; and Pavlodar 1B locality, mines in the
city of Pavlodar; MN15); and Livenka (Speranskoe
locality, Omsk Region, Om’ River; MN15). In addition,
the Lophocricetinae were found in the Lower Pliocene
beds of the Omsk Region (Cherlak 1B and Olkhovka
localities, MN14-MN15), the exact position of which
inthelocal stratigraphic scale has not been established.
We aso examined specimens from the boreholes
drilled in the Priobskoe Steppe Plateau (Romanovo
party of the West Siberian Geological Expedition),
including those from borehole 59, depth of 187.0 m and
borehole 61, depth of 194.5-195 m).
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Mio-Pliocene material from northwestern Mongolia
comes from various stratigraphic levels of the Khirgis-
Nur Formation outcropping near Lake Khirgis-Nur.
The following localities were studied: Khirgis-Nur 2
locality, Upper Miocene, upper MN13, Lower Khirgis-
Nur Subformation, intervals 17 and 23-24 m; Lower
Pliocene, bottom of MN14, base of the Upper Khirgis-
Nur Subformation, interval 37—40 m; Lower Pliocene,
MN14, Upper Khirgis-Nur Subformation, interval 50—
60 m; and Khirgis-Nur 1, Yavor 1, and Yavor 2 locali-
ties, Lower Pliocene, MN14, Upper Khirgis-Nur Sub-
formation. At the Kholu River (Tuva), the material was
collected in nonstratified Upper Miocene and Lower
Pliocene beds (Kholu locality, MN13-MN14).

The beds listed above were aged on the basis of
paleontological and paleomagnetic data in previous
studies (Zazhigin and Lopatin, 2000b, 2001). The cor-
relation of the localities with the European Neogene
Mammalian zones was performed by Zazhigin. The
Ishim Formation from Petropaviovsk is aged as MN10
based on voles of the genus Ischimomys. The Novaya
Stanitsa Formation is assigned to the terminal Miocene
based on pal eoclimatic and paleomagnetic data (Zykin
et al., 1995).

The material from the Mio-Pliocene of southwest
Siberia, Tuva, and Mongolia was collected mainly by
Zazhigin. V.S. Zykin participated in this work in West-
ern Siberiain 1963 to 2000; E.V. Devyatkin, V.I. Zhe-
galo, and V.S. Zykin worked in Tuva and Mongoliain
1966 to 1984.

A.G. Pokatilov collected fossil lophocricetines on
Olkhon Idland (Irkutsk Region, Lake Baikal, Saraiskaya
Bay, outcrop 520) in two members of the Sasa Beds,
i.e., Saraiskaya (Member A) and Odonimskaya (Mem-
ber B) members (Mats et al., 1982). In the present
study, these localities first receive individual names,
Olkhon 1 (Saraiskaya Member) and Olkhon 2 (Odon-
imskaya Member). The Olkhon 1 locality is compared
to Pavlodar 1A (MN12) based on large mammals, and
the Olkhon 2 locdlity is correlated with Cherlak 1A
(MN14) based on rodents.

The material from the listed localities is housed at
the Geological Institute of the Russian Academy of Sci-
ences. In addition, we examined the type series of fossil
lophocricetines described from Kazakhstan (Savinov,
1970, 1977) and Ukraine (Topachevsky et al., 1984).

When describing the teeth, we use terminology pro-
posed earlier (Zazhigin and Lopatin, 2000a). The fig-
ures were produced by A.V. Lopatin.

The following abbreviations are used in this study:
(GIN) Geological Institute of the Russian Academy of
Sciences, Moscow; (1Z) Institute of Zoology and Ani-
mal Gene Pool of the Academy of Sciences of Kazakh-
stan, Almaty; (PIU) Paleontological Institute, Uppsala
University, Sweden; and (ZSGE) West Siberian Geo-
logical Expedition.
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SYSTEMATIC PALEONTOLOGY
Family Dipodidae Fischer, 1817
Subfamily Lophocricetinae Savinov, 1970
Genus Heterosminthus Schaub, 1930

Heterosminthus saraicus Zazhigin, Lopatin et Pokatilov, sp. nov.

Lophocricetus sp. (1): Pokatilov in Mats et al., 1982, p. 104,
pl. 1V, figs. 1-6.

Etymol ogy. From the Saraiskaya Bay.

Holotype GIN, no. 1121/4, fragmentary left
maxilla containing P*~-M?; Eastern Siberia, Irkutsk
Region, Lake Baikal, Olkhon Island, Olkhon 1; Upper
Miocene (MN12), Sasa Beds, Saraiskaya Member.

Description (Fig. 1). A relatively large mem-
ber of the genus. The posterior edge of the incisor
foraminaison alevel with the center of P*. The anterior
surface of the upper incisor isweakly convex and lacks
a longitudinal groove. The central cusp of P* is rela
tively high; the posterior basal cingulum is weak. Two
small accessory cuspules are usualy developed ante-
rior to the central cusp; the first is located somewhat
labialy, and the second is somewhat lingually or
directly ahead of the central cusp. M* and M? are elon-
gated. The anteroloph of M?! is weakly developed or
absent; the anterostyle is small. The protoloph and
endoloph form independent contacts with the paracone.
The protostyle is well developed. The mesoloph is
short. The metaconule is large; the arms of the poster-
oloph are short. The endoloph of M?isweakly devel oped
or absent. The protoloph is straight and extends parallel

Fig. 1. Heterosminthus saraicus sp. nov.: (a) holotype GIN,
no. 1121/4, fragmentary left maxilla containing P*-M2;
(b) GIN, no. 1121/1, left P* and M%; (c) GIN, no. 1121/6,
left ML (d) GIN, no. 1121/2, left MZ; (e) GIN, no. 1121/3,
left M2 (f) GIN, no. 1121/23, left M;—Mg; (g) GIN,
no. 1121/26, right M;—Mg; and (h) GIN, no. 1121/27, right
M;-Ma.
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to the metal oph. The mesoloph islong. The posteroloph
iswell devel oped; the posterof ossetteis open.

On M,, the anteroconid is connected to the meta-
conid or isisolated. The protoconid is connected to the
metaconid at the point of contact with the endolophid,
forms separate contacts with the metaconid and endol-
ophid, is connected only to the endolophid, or is com-
pletely isolated. The mesoconid is triangular and fre-
guently extended longitudinally and fused with the
ectomesolophid. The hypoconid and entoconid adjoin
the posterolingual corner of the latter at the same point.
The hypoconulid is large; the posterolophid is short.
The ectostylid is well developed; the ectocingulid is
low but well pronounced. The M, is aimost as large as
the M. The anterolophid islong and free or adjoinsthe
protoconid labially. The anteroconid is well developed.
The protoconid is connected to the anteroconid or iso-
lated. Occasionally, a weak rudimentary mesolophid is
present. Important structural features of M; are the
absence of a lingual arm of the anterolophid and the
presence of contacts between the anteroconid and the
protoconid, between the protoconid and the entoconid,
and between the entoconid and the hypoconid. Occa-
sionally, the metaconid directly adjoins the entoconid
on the lingual edge of the occlusal surface.

M easurements, mm. Holotype, length x width
of teeth: (P*) 0.55 x 0.6, (M%) 1.95 x 1.5, and (M?)
1.55 x 1.3; length: (P*~-M?) 4.0, (P~M?) 2.5, and
(M1-M?) 3.45. The measurements of isolated teeth are
asfollows:

Length Width

Tooth

n limits average n limits average
P 3 0.5-0.575 054 3 0.6-0.675 0.625
Ml 6 1.85-20 191 6 1.35-1.525 143
M2 6 1.45-1.65 156 6 1.2-1325 1.275
M, 11 1.525-1.75 1.65 11 1.15-1.325 1.26
M, 10 14-1.625 1.55 10 12-14 133
M; 4 0925-1.025 098 4 0.825-095 091

Length of tooth row:

OO o4 2 pAl MLM? My-Mg MMy MyMyg
n 1 2 2 3 7 3
Limits 4.0 2352534536 4.154.3 3.0-3.275 2.55-2.6
Average - 2425 3525 422 317 2575

Comparison. The new species differs from
Early and Middle Miocene species by a weak anterol-
oph and weak mesoloph on the M?, very large meta-
conule and short arms of the posteroloph on the M1,
straight protoloph and reduced endoloph on the M?, the
absence of a mesolophid and the presence of a ectocin-
gulid on the M;, and the absence of a posterior arm of
the protoconid on the M,. It differs from H. gansus
Zheng, 1982 and H. mugodzharicus Zazhigin et Lopa-
tin, 2000 by a reduced anteroloph on the M* and from
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H. gabuniai (Lungu, 1981) by a relatively shorter M?,
the absence of alingual arm of the anteroloph on the
M?2, and arelatively small ectostylid and weak ectocin-
gulid on the M.

Remarks. H. saraicus is the latest Heterosmin-
thus species, which expands the upper limit of the
stratigraphic distribution of the genus to the MN12
Zone. Previoudly, the Chinese H. gansus dated to MN11
was considered to be the latest species of the genus
(Qiu, 1996; Qiu and Wang, 1999). Lophocricetus cf.
gansus from Mongolia (which we refer to as Heteros-
minthus sp.) is dated to the middle of the Late Miocene
(Hock et al., 1999).

H. simplicidens Zheng, 1982 was described from
Gansu simultaneously with the type series of H. gan-
sus. We believe that the M; assigned to this species
(Zheng, 1982, p. 142, text-fig. 3B) actually belongs to
H. gansus. An extremely strongly reduced metaconid
on the M, (Zheng, 1982, text-fig. 3A, holotype) clearly
distinguishesH. simplicidensfrom al known Lophocrice-
tinae (however, thisis probably an aberrative specimen
of H. gansus). On this basis, we regard H. simplicidens
as nomen dubium.

M aterial. In addition to the holotype, six frag-
mentary upper jaws (one lacking teeth and five contain-
ing one of the following series: incisor, P*, and M?; P
M?® and M?, M1; and M?), 11 fragmentary lower jaws
(threewith M,—M, four with M; and M,, onewith inci-
sor and M4, onewith M,, onewithincisor, and one lack-
ing teeth), and 12 isolated teeth (three M1, three M?,
two M4, three M, and one M) from the type locdlity.

Genus Lophacricetus Schlosser, 1924

Lophocricetus: Schlosser, 1924, p. 41; Savinov, 1970, p. 102;
Qiu, 1985, p. 42.

Type species L. grabaui Schlosser, 1924,
uppermost Miocene of Central Asia.

Diagnosis Medium-sized member of Lophocrice-
tinae with relatively high-crowned bunol ophodont teeth.
Alternation of cusps well pronounced and crests well
developed. On M* and M?, protocone and endoloph
independently adjoining paracone; hypocone con-
nected to metacone; mesoloph rudimentary or absent;
and posterostyle present or absent. Mesocone usually
developed on M1 but absent on M2, On M+, posteroloph
connected to metacone; on M2, posteroloph connected
to hypocone or to hypocone and metacone. On M,
hypoconid connected to mesoconid or entoconid.
Hypoconulid large. M, lacking posterior arm of proto-
conid. Protoconid of M, connected to anteroconid or
metaconid. Stylids and ectocingulid of M, and M, well
developed.

Composition. Two subgenera: Lophocricetus
sensu stricto and Paral ophocricetus subgen. nov.

Comparison. The genus is distinguished from
Heterosminthus by the higher tooth crowns showing
clear alternation of cuspsand well-devel oped crestsand
Vol. 36
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by different arrangement of the main cusps: the proto-
cone of M? and M? is connected to the paracone rather
than to the protoloph; the hypocone of M? is connected
to the metacone rather than to the posteroloph; the
hypoconid of M; is connected mainly to the entoconid
rather than to the mesoconid; the protoconid of M, is
connected mainly to the metaconid rather than to the
anteroconid.

Subgenus Lophocricetus sensu stricto

Type species. L. grabaui Schlosser, 1924.

Diagnosis. Anteroloph on M* well developed;
anteroloph on M? singular or double (anteroloph |1 pre-
dominantly developed). Hypocone on M* and M2 inte-
gral, posterostyle absent. On M, protoconid connected
mainly to metaconid. Hypoconid connected to ento-
conid. Ectomesolophid usually well pronounced. Pro-
toconid of M, connected to metaconid. External cusps
of M; and M, extended transversely; stylids and
ectocingulid developed to greater or lesser degree. On
M, entoconid completely fused with posterolophid.

Composition.L.(L). minuscilusSavinov, 1977,
Upper Miocene (MN10-MN11) of Kazakhstan and
Ukraine; L. (L). complicidens Topachevsky et Scorik,
1984, Upper Miocene (MN10) of Ukraine; L. (L). vino-
gradovi Savinov, 1970, Upper Miocene (MN12-MN13)
of Kazakhstan; L. (L). grabaui Schlosser, 1924, upper-
most Miocene (MN13) of China; L. (L). reliquus sp.
nov., uppermost Miocene (MN13) of Mongolia.

Remarks. We consider L. sarmaticus Topachev-
sky et Scorik, 1984 from the Upper Sarmatian of
Ukraine to be a synonym of L. complicidens and
L. maeoticus Topachevsky et Scorik, 1984 from the
Lower Meotian of Ukraine to be a synonym of
L. minuscilus.

Lophacricetus (Lophocricetus) minuscilus Savinov, 1977

Lophocricetus minuscilus: Savinov, 1977, p. 27, text-figs. 1-4;
1988, p. 22, text-figs. la-1d.

Lophocricetus maeoticus. Topachevsky et al., 1984, p. 37, text-
fig. 1.

Holotype. 1Z, no. M-824/72-PP, isolated left M ;
Kazakhstan, right bank of the Ishim River, Petropav-
lovsk 1A locality; Upper Miocene (MN10), Ishim For-
mation.

Description (Figs. 2a-2d). A smal member of
the genus. The M1 islongitudinally extended and has a
well-devel oped mesocone and a small mesoloph. The
anteroloph is short. The protostyleis strongly displaced
posteriorly with reference to the protocone; the hypo-
coneislarge; the posteroloph is weak; the posterosinus
is open. The posteroloph is connected to the lingual
side of the metacone at the point of junction with the
metaloph.

Theanteroconid on the M, issmall and connected to
the metaconid or isolated. The protoconid is connected
to the metaconid. The endolophid connects the meso-
conid to the metaconid. The mesoconid is small and
fused with a long ectomesolophid. The ectostylid is

PALEONTOLOGICAL JOURNAL

Vol. 36 No. 2

2002

&

Fig. 2. Late Miocene species of Lophocricetus sensu stricto:
(ad) L. (L). minuscilus Savinov, (e-u) L. (L). vinogradovi
Savinov, and (v—x) L. (L). reliquus sp. nov.: (&) GIN,
no. 952/3, right M%; (b) GIN, no. 952/4, left My; (c) 1Z,
no. M-830/72-PP right M*; (d) holotype 1Z, no. M-824/72-PP,
left M4, Kazakhstan, Petropaviovsk 1A locality; (€) GIN,
no. 640/480, left P*-MZ; (f) GIN, no. 640/483, left M1 and
MZ (g) GIN, no. 640/481, left ML and M2 (h) GIN,
no. 640/482, left M* and M?; (i) GIN, no. 640/494, left M?;
() GIN, no. 640/495, left MZ; (k) GIN, no. 640/491, left M2
and M3; (I) GIN, no. 640/492, left M2 and M3; (m) GIN,
no. 640/396, right M;—M3, (n) GIN, no. 640/398, right
M1-M3; (0) GIN, no. 640/483, right M, and M, Kazakh-
stan, Pavliodar 1A locality; (p) GIN, no. 951/1026, right
P*-MZ; (g) GIN, no. 951/1008, right M and MZ; (r) GIN,

no. 951/1011, right M%; (s) GIN, no. 951/1010, left M
(t) 951/1018, left My; (u) GIN, no. 951/1025, right M.,

Kazakhstan, Selety 1A locdity; (v) GIN, no. 956/2023,
fragmentary left maxilla containing Mt and M2; (w) GIN,

no. 956/2022, left ML: and (x) GIN, no. 956/2024, right M,
Mongolia, Khirgis-Nur 2 |ocality.

well pronounced. The anterior arm of the entoconid is
connected to the mesoconid; the posterior arm adjoins
the anterior projection of the hypoconid. The hypo-
conulid is very large; the posterolophid is weakly
developed. The ectocingulid is narrow and observed
only at the labia base of the hypoconid, and the poste-
rostylid is absent.

M easurements (length x width), mm. (GIN,
no. 952/3) M1, 1.65 x 1.125; (GIN, no. 952/4) M, 1.4 x
0.925.



184

Comparison. L. (L). minuscilus differs from
other species by extremely small measurements. In
addition, it differsfrom L. (L). grabaui and L. (L). vino-
gradovi by certain primitive characters (a better devel-
oped mesoloph and a more lingual position of the pro-
toloph—metacone contact on the M*) and from L. (L).
complicidens by the relatively shorter M1,

Remarks. L. maeoticus was described by
Topachevsky et al. (1984) based on single M, from the
Meotian of Ukraine. However, thisform does not differ
from L. minuscilus from Kazakhstan in either structure
or measurements.

Occurrence. Upper Miocene of Kazakhstan
(MN10) and Ukraine (MN10-MN11).

M ateri al. Inaddition to the holotype, two M* and
one M, from the type locality.

Lophocricetus (Lophocricetus) vinogradovi Savinov, 1970

Lophocricetus vinogradovi: Savinov, 1970, p. 102, text-fig. 4;
1988, p. 22, text-figs. 1le and 1f.

Holotype. 1Z, no. M-136/60-P, fragmentary right
maxilla containing P~M3; Kazakhstan, Pavliodar 1A
locality (Gusinyi Perelet locality); Upper Miocene
(MN12), Pavlodar Formation.

Description (Figs. 2e-2u). A medium-sized
member of the genus. The posterior edge of the incisor
foraminaislocated on alevel with the center of P*. The
P* is weakly longitudinally compressed. The posterior
basal cingulum is weakly developed and isolated from
the accessory cuspules. Almost without exception, the
latter are well pronounced; the smaller cuspule is
located just lingual to the central cusp, and the larger
cuspule is located anterolabially. The M? is broad and
has a well-developed mesocone and a short reduced
mesoloph. The anteroloph is relatively long and com-
plete. The protostyle is weakly displaced posteriorly
with reference to the protocone. The posteroloph is
usually double-armed and connected to the lingual part
of the posterior side of the metacone close to the point
of contact with the metaloph. The posterofossette and
posterosinus are open. The M? lacks mesocone and has
a complete endoloph and, usually, a closed posterofos-
sette. The anteroloph is usually double. The anteroloph |
isformed by the anterior arm of the protoconeand alin-
gual projection of the anterostyle; it is frequently
incompl ete and looks like ashort transverseridge at the
anterior edge of the occlusal surface. The anteroloph |1
is formed by a lingual projection of the protocone
located closeto the origin of the protoloph. Two antero-
styles are usualy present; however, they are drawn
close to each other and frequently partially or com-
pletely merged. The endosinus of M2 is closed; the
anteroloph, endoloph, protoloph, and posteroloph are
well developed.

On the lower molars, the protoconid and hypoconid
are broadened; the stylids are small but distinctly differ-
entiated. The ectocingulid is developed to a variable
degree. Onthe M, the anteroconid is usually connected
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to the metaconid; in some cases, it isisolated. The pro-
toconid is commonly connected to the metaconid,
occasionally, to the endolophid, or to both. Almost
without exception, the endolophid is connected to the
metaconid. The presence of a long labial arm of the
anterolophid is characteristic of M,. On the M3, the
entoconid is merged with the posterolophid but isol ated
from the metaconid.

Variability. Among the specimens from the
type locdlity, the morphotypic variation of M?! is
observed in the structure of the mesoloph and posterol-
oph. The mesoloph is frequently rudimentary (25 spec-
imens, 54%); occasionaly, it is complete (one speci-
men, 2%), incomplete and relatively long (six speci-
mens, 13%), or absent (14 specimens, 31%). Double-
armed posterolophs are most abundant (41 specimens,
91%); the lingual posteroloph (three specimens, 7%)
and the posteroloph entirely formed by the metaconule
(one specimen, 2%) are rare. In one specimen, the pos-
terosinus is closed. The M? varies in the structure of
anteroloph and posteroloph; the mesocone, incomplete
endoloph, and a supplementary labial contact between
the paracone and the metacone are observed in a small
number of specimens. Double anterolophs (19 speci-
mens, 76%) prevail, including the cases of complete
development of anterolophs | and 11 (eight specimens,
32%), complete development of only anteroloph I
(10 specimens, 40%), and incomplete development of
both (one specimen, 4%). Singular anteroloph | or
anteroloph |1 arerelatively rare (three specimens, 12%,
each). Labially, the posteroloph is merged with the
metacone (16 specimens, 64%) or free (nine speci-
mens, 36%); this determines whether the posterofos-
sette is closed or open. On the M, the anteroconid is
usually connected to the metaconid (43 specimens,
91.5%). The protoconid is connected mainly to the
metaconid (41 specimens, 88%). The contact isusually
at the point of connection between the metaconid and
the endolophid (35 specimens, 74.5%). The protoconid
is connected to the endolophid in four specimens (8%);
in two specimens (4%), the protoconid has separate
contacts with the metaconid and with the endolophid.
The absence of contact between the endolophid and the
metaconid is observed in only one specimens (2%).

M easurements, mm. Isolated teeth from the
Pavlodar 1A locality:

Length Width

Tooth

n limits average n limits average
pt 6 0.475-0.75 0.57 6 0.6-0.875 0.69
Ml 44 1.6-1.95 1.83 44 1.1-15 131
M2 25 1325-1.625 1443 25 1.05-1.3 1.168
YK 3 0808 085 3 0850975 0091
M1 46 1.45-1.85 1.69 47 1.05-1.3 1.17
Mo 44 1.325-1.6 1.48 44 1151375 125
M3 3 0.95-1.05 1.0 3 0.825-0.95 0.9
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Length of tooth rows (Pavlodar 1A):

TOOIN 4 12 P M MLM2 M2-M® M3-Mg MM, My-Ms

n 3 4 10 2 2 15 2
Limits 37— 21- 3.025- 2125~ 425 29- 255
375 215 3425 215 33

Average 3.725 213 321 214 - 3.125 -

M easurements of isolated teeth from the
Selety 1A locality:

Length Width
Tooth o o
n limits average n limits average

P 2 04-062 0.51 2 0.55-0.75 0.65
M1 10 1652125 1875 8 1.2-1.55 134
M2 3 151575 154 3 1.2-1.28 1.25
M4 9 1.62520 1.79 9 11251375 124
Mo 1 1.75 - 1 14 -

Length of tooth rows (Selety 1A): P~M? (GIN,
no. 951/1026) 3.55; M-M2 (GIN, no. 951/1026) 3.2,
(GIN, no. 951/1008) 3.325, and (GIN, no. 951/1010)
3.5: M—M, (GIN, no. 951/1009) 3.45.

Comparison. L. (L). vinogradovi differs from
L. (L). grabaui by a less reduced mesocone of M* and
the presence of two complete anterolophs on the M2,
It differs from L. (L). minuscilus and L. (L). compli-
cidens by larger measurements and relatively weak
mesoloph of M. In addition, it differsfrom L. (L). com+
plicidens by the absence of mesoloph and mesostyle on
the M2,

Occurrence. Upper Miocene (MN12—-MN13)
of Kazakhstan.

M aterial. Sixty fragmentary jaws (three contain-
ing P~M?, one with P* and M2, nine with M* and M?,
two with M2 and M3, one with P*, 13 with M1, two with
M2, onewith M3, one zygomatic arch, two with M;—M,
one with incisor and M, and M,, 13 with M; and M,
nine with M4, one with M,, and one lacking teeth) and
83 isolated teeth (P*, 20 M?, nine M2, lower incisor,
23 M4, 28 M, and M) from the Pavlodar 1A locality;
and nine fragmentary jaws (threewith M* and M2, three
with M?, one with M,—M,, one with M, and one lack-
ing teeth) and 15 isolated teeth (P*, six M1, seven M,,
and aM,) from the Selety 1A locality.

Lophocricetus (Lophocricetus) reliquus Zazhigin,
L opatin et Pokatilov, sp. nov.

Etymology. From the Latin reliquus (remain-
ing).

Holotype GIN, no. 956/2023, fragmentary left
maxilla containing M* and M?; Mongolia, Khirgis-Nur 2;
Upper Miocene (MN13), Lower Khirgis-Nur Subfor-
mation, interval of 17 m.
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Description (Fig. 2v—2x). A medium-sized
member of the genus. The M! has alarge anterostyle, a
narrow and weak anteroloph, and a well-pronounced
mesocone. Occasionally, a reduced mesoloph is
present. The posterolingual wall of the hypocone is
separated from the wall of the crown base by a small
projection formed by an extremely long lingual arm of
the posteroloph. The M? has a well-devel oped anterol-
oph |, a large anterostyle, and a weak mesocone. The
protostyleislongitudinally elongated and connected to
the anterolingual edge of the hypocone. The posterol-
oph is connected to the hypocone and metacone.

Measurements (length x width), mm. M
(holotype) 1.675 x 1.3 (GIN, no. 956/2022) 1.7 x 1.25,
and (GIN, no. 956/2024) 1.75 x 1.325; M2 (holotype)
1.3 x 1.15. Length of M-M? (holotype) 2.975.

Comparison. The new species differs from al
other species of the subgenus by the structure of the
posterolingual part of the hypocone. In addition, it dif-
fersfromL. (L). grabaui and L. (L). vinogradovi by the
presence of the mesocone on the M? and from L. (L).
minuscilus and L. (L). complicidens by the weaker
mesoloph on the M2,

M aterial. In addition to the holotype, two iso-
lated M from the type locality.

Subgenus Paralophocricetus Zazhigin,
L opatin et Pokatilov, subgen. nov.

Etymol ogy. From the Latin para (near) and the
generic name Lophocricetus.

Type species. Lophocricetus (Paralophocrice-
tus) progressus sp. nov.

Diagnosis. Anteroloph of M?! reduced or absent.
On M2, anteroloph | (complete or incomplete) devel-
oped. Mesocone of M! and M2 reduced; mesoloph
absent; hypocone double, lingual part detached and
form well-pronounced posterostyle. On M, protoconid
connected to endolophid or metaconid. Endolophid in
central position or inclined to metaconid. Hypoconid
connected to mesoconid, labial part of entoconid, or to
posterior arm of entoconid. Ectomesolophid reduced.
Protoconid of M, connected to anteroconid or meta-
conid. Labial cusps of M, and M, rounded and distant
from edge of occlusal surface, stylids and ectocingulid
developed to varying degree. Entoconid of Mg usually
well developed.

Composition. L. (P). pusillus Schaub, 1934,
uppermost Miocene-owermost Pliocene (MN13-MN14)
of China and Mongolia; L. (P). intermedius sp. nov.,
Upper Miocene (MN13) of Mongoalia; L. (P). progres-
sus sp. hov., Lower Pliocene (MN14) of Eastern Sibe-
rig; L. (P). afanasievi Savinov, 1970, Upper Miocene
(MN13), L. (P). sibiricus sp. nov., Lower Pliocene
(MN214), and L. (P). ultimus sp. nov., Lower Pliocene
(MN14-MN15) of Western Siberia and Kazakhstan.

Comparison. The new subgenus differs from
the subgenus Lophocricetus sensu stricto by the pres-
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Fig. 3. Species of Lophocricetus (Paral ophocricetus) from
Eastern Siberia and Mongolia: (a—g) L. (P). progressus sp.
nov., (o) L. (P). intermedius sp. nov., and (p—x) L. (P).
pusillus Schaub: (a) holotype GIN, no. 1121/32, fragmen-
tary left maxilla containing M2-M3; () GIN, no. 1121/33,
right P*-M3; (c) GIN, no. 1121/37, left P*-M?; (d) GIN,
no. 1121/39, left Mt and M2, (e) GIN, no. 1121/113, right
M1—M3; () GIN, no. 1121/107, right M4 and M; (g) GIN,
no. 1121/129, left M, and M, Eastern Siberia, Olkhon 2

locality; Lower Pliocene, Sasa Beds, Odonimskaya Mem-
ber; (h) holotype GIN, no. 956/2025, fragmentary left max-

illacontainingM?; (i) GIN, no. 956/2027, right M%; (j) GIN,
no. 956/2028, right M*; (k) GIN, no. 956/2026, right M?;
() GIN, no. 956/2030, left M4; (m) GIN, no. 956/2031,
right M4; (n) GIN, no. 956/2033, left M4; (0) GIN,
no. 956/2034, left M3, Mongolia, Khirgis-Nur 2 locdlity;
Upper Miocene, Lower Khirgis-Nur Subformation; (p) GIN,
no. 956/2035, right M%; () GIN, no. 956/2037, left M%;
(r) GIN, no. 956/2038, left M*; (s) GIN, no. 956/2048, right
MZ; (t) GIN, no. 956/2047, right MZ; (u) GIN, no. 956/2052,
left M1—Mg; (V) GIN, no. 956/2051, right M1—M; (W) GIN,
no. 956/76, right My and M,; and (x) GIN, no. 956/2055,
left M, and M,, Mongolia, Khirgis-Nur 2 locality; Lower
Pliocene, base of the Upper Khirgis-Nur Subformation.

ence of the posterostyle on the M* and M2, reduced
anteroloph, the absence of the mesoloph on the M1, the
structure of the anteroloph on the M?, the presence of
contacts between the hypoconid and mesoconid of M,
and between the protoconid and anteroconid of M., the
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shape of the labial cusps on the M, and M,, and by the
better detached entoconid of M.

Lophocricetus (Paralophocricetus) progressus Zazhigin,
Lopatin et Pokatilov, sp. nov.

Lophocricetus sp. (2): Pokatilov in Mats et al., 1982, p. 106,
pl. 1V, figs. 7-16.

Etymol ogy. FromtheLatin progressus (advanced).

Holotype GIN, no. 1112/32, fragmentary left
maxilla containing M-M3; Eastern Siberia, Irkutsk
Region, Lake Baikal, Olkhon Island, Olkhon 2 locality;
Lower Pliocene (MN14), Sasa Beds, Odonimskaya
Member.

Description (Figs. 3a-3g). A medium-sized
member of the genus. The posterior edge of the incisor
foramina is on a level with the anterior part of the P
aveolus. The P* is small and rounded. The posterior
basal cingulum is short and weak; in addition to the
central cusp, one or two accessory cuspules are fre-
quently developed; the first is located labially and the
second occupies the anterior position. The Mt is elon-
gated; the posterior lobe is somewhat wider than the
anterior lobe. The anteroloph is usually absent. The
protocone weakly projects anteriorly with reference to
the paracone. The mesoloph is usually absent. The
metaconule islarge and broad. The posterostyleis well
developed; however, occasionaly, it is only partially
isolated from the hypocone. The posterosinus and the
posterofossette are usually open. The M? has a well-
developed and obligue endoloph, which connects the
hypocone to the paracone. The anterostyleis large; the
anteroloph is short. The anterofossette is occasionally
partitioned by a narrow longitudinal crest connecting
the anterostyle and the paracone. The hypoconeislarge
and displaced to the center of the occlusal surface; the
posterostyle is connected to a long posteroloph. The
posterofossetteis closed or open; occasionally, itispar-
titioned in the middle by a narrow additional crest con-
necting the posteroloph to the metaloph. The M3 is
small, round, and has a closed endosinus.

The anteroconid of M, is usually connected to the
metaconid; occasionaly, it is isolated or connected to
either anterior cusp. The protoconid is usually con-
nected to the metaconid at the origin of the endolophid;
occasionally, it independently adjoins the metaconid
and the endolophid, only one of these conids, or isiso-
lated. The mesoconid is large. The ectomesolophid is
narrow. The ectostylid, posterostylid, and ectocingulid
are well developed. The hypoconid adjoins the poster-
olabial part of the entoconid or the posteralingual cor-
ner of the mesoconid (at the same point as the arm of
the entoconid). The labial arm of the anterolophid of
M, islong and free or fused with the base of the labial
side of the protoconid, ectostylid, or ectocingulid. The
anteroconid is poorly pronounced. The protoconid is
usually connected to the anteroconid at the point of con-
tact with the arm of the metaconid; less frequently, it is
connected to the metaconid or its arm; in rare instances,
Vol. 36
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itisisolated. The stylidsand ectocingulid are well devel-
oped. The M; ischaracterized by the presence of contact
between the metaconid and the entoconid.

Measurements, mm. Holotype (length x
width): (M1) 1.85 x 1.35, (M?) 1.3 x 1.25, and (M3)
0.825 x 0.85; length of M*-M3, 3.95; and M*-M?, 3.15;
(specimen GIN, no. 1112/33) length of P~ M?3 is 4.45
and length of M-M?3 is 4.075.

M easurements of isolated teeth, mm:

Length Width

Tooth

n limits average n limits average
=4 6 03250575 0492 6 04-0.65 0554
ml 52 1752125 1932 52 1.325-1.65 1.487
M2 38 1.3-16 146 38 1.225-1.45 1.34
M3 3 0.825-09 0867 3 0.85-1.025 00917
M1 67 157520 176 72 1151475 1.3
M, 47 1.4-1.8 1575 48 1.15-1.55 1.39
M3 1 11 - 1 1.05 -

Length of tooth row:

Tooth 2 1l a2 m2
ow PMZ PAMEMI-MZMZM3 M-M3 MM, MM

n 5 6 18 2 1 12 1

Limits 3.625- 2.125- 3.15- 2125 4375 315~ 265
385 24 3475 2275 345

Average 3.745 23 3343 22 - 3.3 -

Variability. SeeTable 1.

Comparison. The new species differs from
L. (P). pusillus and L. (P). afanasievi by the opposite
positions of the protocone and paracone on the M?, the
presence of well-developed crests partitioning the
anterof ossette and posterof ossette on the M2, and by the
prevalence of contact between the protoconid and the
anteroconid on the M.,

M aterial. In addition to the holotype, 28 frag-
mentary upper jaws (one containing P*-M?3, four with
P*-M2, one with P*-M1, one with P?*, one with M1-M3,
12 with M and M2, six with M1, one with M2, and one
with M3); 39 fragmentary lower jaws (onewith M,—M,
13 with M; and M,, one with the incisor and M,
20 with M4, two with M,, and two lacking teeth); and
118 isolated teeth: 28 M1, 19 M?, 38 M; and 33 M, from
the type locality.

Lophacricetus (Paralophocricetus) intermedius Zazhigin,
L opatin et Pokatilov, sp. nov.

Etymology. From the Latin intermedius (inter-
mediate).

Holotype. GIN, no. 956/2025, fragmentary left
maxilla containing M*; Mongolia, Khirgis-Nur 2 local-
ity; Upper Miocene (MN13), Lower Khirgis-Nur Sub-
formation, level of 24 m.

Description (Figs. 3h—30). A small member of
the genus. The posterior edge of theincisor foraminais
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located on alevel with the anterior edge of the P* alve-
olus. The posterior lobe of M?! is substantially wider
than the anterior lobe. The anteroloph on the M? is
undeveloped; the anterostyle is small. The protostyleis
moderately developed. The protoloph is short. The
mesocone is weak or absent. The posterostyle is rudi-
mentary, and the hypocone isweakly compressed inthe
middle; however, the anterior fold is absent, so that the
lingual part of the hypocone is only slightly detached
fromthelabial part. The posteroloph is connected to the
posterolingual corner of the metacone. The posterosi-
nus and posterofossette are open. The M? has a short
anteroloph | and a narrow endoloph; the hypocone
dlightly bifurcates, the posterofossette is open, and the
endosinus is straight.

The anteroconid of M, is isolated, the ectostylid is
well developed, and the ectocingulid and the postero-
stylid are weak. The protoconid is connected to the
endolophid or to the metaconid; occasionally, it isiso-
lated. The hypoconid is connected to the entoconid or
to the mesoconid. On the M3, the entoconid is clearly
isolated from the posterolophid.

Measurements (length x width), mm: M
(GIN, no. 956/2027) 1.9 x 1.45, (holotype) 1.9 x 1.425,
(GIN, no. 956/2028) 2.05 x ?, and (GIN, no. 956/2029)
1.825x ?; M2 (GIN, no. 956/2026) 1.5 x 1.325; M;:
(GIN, no. 956/2033) 1.65 x 1.25, (GIN, no. 956/2030)
1.75x 1.4, and (GIN, no. 956/2031) 1.875 x 1.25; M:
(GIN, no. 956/2034) 1.0 x ?.

Comparison. The new species differs from the
other species of the subgenus Paral ophocricetus by the
rudimentary posterostyle on the M* and M2 and by the
narrow anterior lobe of M1,

M aterial. In addition to the holotype, two frag-
mentary maxillae (one with M* and one with M?) and
seven isolated teeth: two M?, four M, and one M; from
the type locality (interval 23-24 m).

Lophocricetus (Paralophocricetus) pusillus Schaub, 1934
Lophocricetus grabaui (part.): Schlosser, 1924, p. 41, pl. 3,
fig. 31.
Mus sp.: Schlosser, 1924, p. 44, pl. 3, fig. 30.
Lophocricetus pusillus: Schaub, 1934, p. 35; Qiu, 1985, p. 52,
text-figs. 18-32, pl. 1, figs. 4-6, pl. 3, figs. 19-30; Qiu and Storch,
2000, p. 189, pl. 6, figs. 35-38.

Lectotype [Qiu, 1985]. PIU, no. M3373.67,
fragmentary right dentary containing M, and M,; China,
Inner Mongolia, Ertemte 1 locality; Upper Miocene
(MN13).

Description (Figs. 3p—3x). A small member of
the genus. The anteroloph on the M* is undevel oped,
the anterostyle is well pronounced, the protostyle is
large, and the mesocone is weak or absent. The poster-
ostyle is large, distinctly detached from the hypocone
by deep folds. The posteroloph is connected to the pos-
terolingual corner of the metacone. The posterosinus
and the posterofossette are open. The M? has a short
anteroloph | and a narrow endoloph; the hypocone
weakly bifurcates, and the posterofossette is closed.
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Fig. 4. Late Miocene Lophocricetus (Paralophocricetus)
afanasievi Savinov: (a) GIN, no. 948/32, left ML; (b) GIN,
no. 948/21, left ML; (c) GIN, no. 948/33, left M2 (d) GIN,
no. 948/34, right MZ; (e) GIN, no. 948/36, right M 4; (f) GIN,
no. 948/37, left M4; (g) GIN, no. 948/38, right M 4; (h) GIN,
no. 948/39, left Mq; (i) GIN, no. 948/22, left My; (j) GIN,
no. 948/40, left M,, Western Siberia Novaya Stanitsa 1A
locality, Novaya Stanitsa Formation; and (k) holotype 1Z,
no. M-736/66-G, fragmentary right dentary containing M4
and M, Kazakhstan, Makovka locality.

The M, isextremely diverse in structure. Character-
istic features are the presence of the anteroconid, which
is connected to the metaconid or isolated; awell-devel-
oped ectostylid; and aweak ectocingulid. The postero-
stylid is developed to avariable degree. The protoconid
is usually connected to the endolophid or metaconid;
occasionally, it isisolated. The hypoconid is connected
to the entoconid or itsarm; occasionally, it is connected
to the mesoconid. The M, is characterized by the pres-
ence of along labial arm of the anterolophid. The pro-
toconid usually adjoins the anteroconid at the point of
fusion with the arm of the metaconid; in rare cases, the
protoconid is connected directly to the metaconid. On
the M3, the entoconid is usually fused with the postero-
lophid; occasionally, the anterolophid is strongly
reduced.

Variability. The variation of the dental struc-
tureisshown in Table 1.

M easurements, mm. Isolated teeth from the
Upper Khirgis-Nur Subformation, Khirgis-Nur 2 local-
ity:

Length Width
Tooth o o
n limits average n limits average

mt 10 175195 188 10 14-1625 149
M2 4 1.3-15 1.39 3 1.25-1.35 13
M, 23 155195 1.72 25 11-14 127
M, 11 1.375-1625 151 10 12-15 134
M3 3 0850925 0.88 3 08509 0.88
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Length of the lower tooth rows. M;—Mj: (GIN,
nos. 956/2051 and 2052) 3.85 and (GIN, no. 956/2053)
4.0; M;—M,: (GIN, no. 956/2052) 2.9, (GIN,
no. 956/2051) 3.0, (GIN, nos. 956/2055 and 2057)
3.05, (GIN, nos. 956/2053 and 2056) 3.2, (GIN,
nos. 956/2054 and 2058) 3.35, and (GIN, no. 956/2059)
3.45; and M,—Mj: (GIN, no. 956/2051) 2.25, and (GIN,
nos. 956/2052 and 2053) 2.3.

Comparison. L. pusillus differs from L. (P).
progressus by the structure of M* and M? and by the
prevalence of the variant where the protoconid is con-
nected to the arm of the metaconid on the M., It isdis-
tinguished from L. (P). afanasievi by the smaller mea-
surements and better developed posterostyle on the Mt
and M?; from L. (P). intermedius, it is distinguished by
thewider anterior lobe of M* and awell-devel oped pos-
terostyle on the M* and M2,

Occurrence. Upper Mioceneto Lower Pliocene
(MN13-MN14) of China, Mongolia, and Tuva.

M aterial. Fragmentary jaws (one with M1, one
with M?, one with the incisor and M;—M3, three with
theincisor and M; and M, two with M;—M, three with
M, and M,, and two with M;) and 29 isolated teeth
(ten M1, three M?, 13 M, and three M) from the Upper
Khirgis-Nur Subformation (interval s 37-40 and 50-60 m)
of the Khirgis-Nur 2 locality; a fragmentary lower jaw
containing M; and M, and isolated M, from the Khir-
gis-Nur 1 locality, six M2, one M?, fragmentary lower
jaws (onewithincisor, M4, and M,; onewith M,), seven
M, and three M, from the Yavor 1 locality; fragmen-
tary jaws (one with P*~-M?, one with M,—M, and one
with M, and M), and isol ated teeth (two M? and one M ;)
from the Yavor 2 locality; and two M?* and one M, from
the Kholu locality.

Lophocricetus (Paralophocricetus) afanasievi Savinov, 1970
Lophocricetus afanasievi (part.): Savinov, 1970, p. 106, text-fig. 5.

Holotype 1Z, no. M-736/66-G, fragmentary
right dentary containing M, and M,; Kazakhstan,
Semipalatinsk Region, Kalbinskii Mountain Range,
near the village of Makovka; Upper Miocene.

Description (Fig. 4). A relatively large mem-
ber of the genus. The M?! lacks anteroloph, and the
anterostyle is large. The mesocone is weakly devel-
oped. The posterostyle is weakly detached, and the
anterior fold is short and only approaches the base of
the hypocone; the crest connecting the posterostyle to
the hypocone is stout. The posterosinus is open or
closed. The anteroloph of M?is short and isolated from
the protocone. Occasionally, the anterofossetteis parti-
tioned by a low crest connecting the paracone to the
anterostyle. The endoloph is complete, the posterostyle
is weakly developed, and the posterof ossette is closed.
The M3 has an incompl ete endol oph and a closed anter-
of ossette; the mesofossette and endosinus are closed.
Vol. 36
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The anteroconid on the M is connected to the meta-
conid. The protoconid is connected to the metaconid or
to the point of contact between the endolophid and the
metaconid. The ectomesolophid is complete and low.
The hypoconid is connected to the entoconid. On the
M,, the protoconid is connected to the metaconid. The
M lacks ectocingulid.

Measurements, mm. M (GIN, no. 948/32)
2.1 x 1.55, (GIN, no. 948/48) 1.9 x 1.45, and (GIN,
no. 948/21) 1.775 x 1.35; M?: (GIN, no. 948/33) 1.6 x
1.35, (GIN, no. 948/34) 1.55 x 1.3, (GIN, no. 948/47)
15 x 1.3, (GIN, no. 948/35) ? x 1.4, and (GIN,
no. 948/44) 1.35 x 1.15; M3: (GIN, no. 948/57) 0.85 x
0.9; M;: (GIN, nos. 948/37 and 38) 1.9 x 1.4, (GIN,
no. 948/43) 1.9 x 1.35, (GIN, no. 949/39) 1.85 x 1.3,
and (GIN, no. 948/36) ? x 1.3; M,: (GIN, no. 948/22)
1.6 x 1.325, (GIN, no. 948/50) 1.55 x 1.35, (GIN,
no. 948/49) 1.45 x 1.15, and (GIN, no. 948/40) ? x 1.3;
Mgz (GIN, no. 948/45) 1.0 x 0.9 and (GIN, no. 948/46)
0.95 x 0.9.

Comparison. L. afanasievi differs from L. (P).
progressus by the absence of contact between the hypo-
conid and the mesoconid on the M, and between the
protoconid and anteroconid on the M. It differs from
L. (P). intermedius by relatively large measurements, a
wider anterior lobe of M?, and better developed poster-
ostyleonthe M* and M?; from L. (P). pusillus, it differs
by larger measurements and weakly detached postero-
style on the M* and M2,

Remarks. Savinov (1970) described L. afa-
nasievi based on specimens from a borehole in the
region of the village of Makovka. In addition to the
holotype, he assigned three isolated teeth, i.e., one M?!
and two M, to this species. We believe that M* does not
belong to the genus Lophacricetus, and both M, should
be assigned to L. vinogradovi. The depth at which these
specimens were found had not been clearly identified.
Savinov (1970) indicated 12-30 m of depth and
assigned this interval to the Pavlodar Formation.
Apparently, each form comes from different levels of
nonstratified Mio-Pliocene beds; L. vinogradovi is
known from MN12-MN13. Based on the specimens
from the Novaya Stanitsa 1A locality, L. afanasievi is
dated to the end of the Miocene (MN13).

Qiu (1985) believesthat L. afanasievi is a synonym
of L. pusillus. However, available material shows clear
differences between these species.

Occurrence. Upper Miocene (MN13) of south-
west Siberia and Kazakhstan.

M aterial. Eight M2, five M2, one M3, seven M,
four M,, and eight M ; from the Novaya Stanitsa Forma-
tion of the Novaya Stanitsa 1A locality.

Lophacricetus (Paralophocricetus) sibiricus Zazhigin,
Lopatin et Pokatilov, sp. nov.

Etymol ogy. From Sberia

Holotype. GIN, no. 1110/347, fragmentary right
dentary containing M;—Mg; Western Siberia, Omsk
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Fig. 5. Early Pliocene Lophocricetus (Paralophocricetus)
species from Western Siberia, (a-m) L. (P). sibiricus sp.
nov. and (n—w) L. (P). ultimus sp. nov.. (a=<) GIN,
no. 1110/485, fragmentary upper jaw containing M! and
M2 (a) palatal view, (b) right M1 and M2, and (c) left M1
and M?; (d and €) GIN, no. 1110/484, fragmentary upper
jaw containing M1 and M2 (d) right M and M2 and (e) left
MLand M2 (f) GIN, no. 1110/194, left M2 and M3; (g) GIN,
no. 1110/334, left M3; (h) GIN, no. 1110/335, right M,

(i) GIN, no. 1110/336, right M3; (j) GIN, no. 1110/172,
right M4 and My; (k) holotype GIN, no. 1110/347, right

M;—Ms; (I) GIN, no. 1110/345, left M;—Ms; (m) GIN,
no. 1110/348, left M1—M3, Cherlak 1A locality; (n—p) GIN,
no. 1111/10, fragmentary upper jaw containing M-M3;
(n) palatal view, (0) right M1-M3, and (p) left M3; (q) GIN,
no. 1111/25, left P*-M?; (r) GIN, no. 1111/11, right M%;

(s) GIN 1111/15, right ML (t) holotype GIN, no. 1111/8,
left M1 and My; (u) GIN, no. 1111/7, left My and My;

(v) GIN, no. 1111/48, right My and M,; and (w) GIN,
no. 1111/21, right M4, Olkhovka locality.

Region, Cherlak 1A locality; Lower Pliocene (MN14),
Rytovo Formation.

Description (Figs. 5a-5m).A small member of
the genus. The posterior edge of theincisor foraminais
on alevel with P*. The central cusp of P* is relatively
high. The posterior and lateral sides of the occlusal sur-
face are bordered by awell-devel oped cingulum, which
formsanteriorly two small cingular cuspuleslocated on
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a level with the anterior part of the central cusp. The
labial cusp is markedly larger than the lingual cusp.
Occasionally, the cingulum and cingular cuspules are
reduced. The anteroloph on the M is strongly reduced
or absence. The anterostyle is small. The mesocone is
weakly developed, and the mesoloph is undevel oped.
The posterostyleis partially isolated from the hypocone
by the anterior and posterior folds; occasionally, these
cusps are completely isolated from each other. The po-
sterosinus is usualy open; in some cases, this fold is
partially closed (i.e., the posterol oph adj cins the base of
the posterostyle) or completely closed (i.e., the postero-
style is connected to the posteroloph by a supplemen-
tary lingual crest or fused with the latter at the base).
The anteroloph on the M? is usually incomplete and
isolated from the protocone. The anterof ossette is usu-
aly integral; in individual cases, it is partitioned by a
supplementary transverse crest connecting the antero-
style to the paracone. The morphotypes with the com-
plete endoloph and closed posterofossette prevail. The
M3 lacks endoloph. Labialy, the posteroloph adjoins
the base of the paracone; lingualy, it adjoins the base
of the protocone; therefore, being partially worn, the
mesofossette and endosinus become closed.

The anteroconid on the M; isisolated or connected
to the metaconid or metalophid; occasiondly, it is
absent. The protoconid is usually connected to the
metaconid or to the point of contact between the endo-
lophid and the metaconid. The ectomesol ophid is com-
plete or incomplete; it is frequently absent. The hypo-
conid is always connected to the entoconid. The proto-
conid on the M, is usually connected to the metaconid;
in individual cases, it is connected to the arm of the
metaconid. The anterolophid has a low lingual arm.
The M3 usualy has a well-developed ectocingulid
extending from the labial arm of the anterolophid to the
hypoconid. The hypoconid and entoconid are fused.
Being strongly worn, the mesofossettid becomes
closed.

Variability. The variation in dental structureis
shown in Table 1.

M easurements, mm. Holotype: length: M,—M3,
4.2; M;—M,, 3.25; and M,—Mj, 2.5. Length x width:
M4, 1.75 x 1.25; M,, 1.5 x 1.25; and M3, 0.95 x 0.875.

M easurements of isolated teeth:

Length Width

Tooth

n limits average n limits average
Pt 5 05906 0.545 5 055-0.725 0.655
Ml 150 155-1.975 179 143 115155  1.39
M2 79 1225155 1.38 79 115145 127
M3 7 0.775-0.875 0.83 7 091025 0954
M, 140 1.475-1.925 17 148 10-135 122
M, 99 125-1.675 15 99 1.1-15 1.26
Mg 6 095-105 1.0 6 0.85-0975 0.92
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Length of tooth row:

TOOIN g 2 pA ML MLM2 M2-M3 MM M3-M, MM

n 1 1 5 3 5 15 5

Limits 3.6 22 31— 2075 3.925- 2.875- 245
32 225 4.3 35 2.6

Average - - 317 213 417 3175 2525
Comparison. The new species differs from
L. (P). progressus, L. (P). intermediusand L. (P). pusil-
lus by the stable display of such advanced characters as
well-pronounced differentiation of the posterostyle on
the M! and the presence of connection between the
hypoconid and the entoconid on the M, and between
the protoconid and the metaconid on the M,. In addi-
tion, it differs from L. (P). pusillus by the presence of
the lingual arm of the anterolophid. It differs from
L. (P). afanasievi by the smaller measurements, small
anterostyle on the M?, and by the presence of a well-
differentiated posterostyle on the M* and M2,

Occurrence. Lower Pliocene (MN14) of south-
west Siberia and Kazakhstan.

M aterial. In addition to the holotype, a series of
fragmentary upper jaws (two containing left and right
M1 and M2, two with P*~M2, one with P* and M4, four
with M1 and M2, three with M2 and M3, one with P,
nine with M, two with M2, three with M3, and one
lacking teeth), lower jaws (four with M;—M3, 11 with
M, and M., seven with M, two with M., and one lack-
ing teeth), six fragmentary zygomatic arches, and
421 isolated teeth (144 M1, 64 M2 M3, 128 M, 83 M,
and M) from the type locality. In addition, M* and M,
from the Peshnevo Formation of the Peshnevo locality,
M, from the Kuskol Formation of the Beteke 1A local-
ity, M; from the Peshnevo Formation of the Petropav-
lovsk 1B locality, M, from the Cherlak 1B locality, a
fragmentary upper jaw containing M* and M? from
borehole 61, and isolated M ; and M, from borehole 59.

Lophocricetus (Paralophocricetus) ultimus Zazhigin,
L opatin et Pokatilov, sp. nov.
Etymology. From the Latin ultimus (last,
extreme).

Holotype GIN, no. 1111/8, fragmentary left
dentary containing M, and M,; Western Siberia, Omsk
Region, Olkhovkalocality; Lower Pliocene (uppermost
MN14-MN15).

Description (Figs. 5n-5v). A relatively large
member of the genus. The posterior edge of the incisor
foraminais on alevel with the center of the P* crown.
The palatine islong, extends far beyond the M3. The P
has a large central cusp and small accessory cuspules,
the cingulum is undevel oped. The anteroloph on the M®
is reduced or absent, the anterostyle is small, and the
mesol oph and mesocone are undevel oped. The postero-
style is well pronounced. The posterosinus is usually
open; occasionaly, it is partialy or completely closed.
Vol. 36
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The anteroloph of M2 isusually incomplete and weakly
differentiated from the protocone, the endol oph is com-
plete, and the posterofossette is closed. The anteroloph
and protoloph on the M2 are well developed, and the
metaloph is completely fused with the posteroloph or
detached in the middle and separated from the latter by
a closed posterofossette. The endoloph is absent, and
the endosinus and mesof ossette form an integral trans-
verse valley, which is open labially and closed lin-
gually.

The anteroconid on the M, is usually connected to
the middle of the metalophid; in some cases, it is iso-
lated or connected to the metaconid. The protoconid is
connected to the point of contact between the endo-
lophid and the metaconid or directly to the metaconid.
The hypoconid is always connected to the entoconid.
A characteristic feature of M, is the close positions of
the main cusps of the labial and lingual rows; as a
result, the anterolophulid, endolophid, the arm of the
entoconid, and the anterior and posterior arms of the
hypoconid are positioned at a very small angle to the
longitudinal axis and form an integral weakly waving
line. The protoconid on the M, is connected to the
metaconid; a rudimentary lingual arm of the antero-
lophid is frequently developed; occasionally, the latter
appears as aweak cingulid located at the anterior base
of the metaconid. The M3 isnot available.

Variability. The variation of the dental struc-
tureis shownin Table 1.

Measurements, mm. Holotype: length of
M;-M,is3.4; M4, 1.8 x 1.3; and M, 1.55 x 1.325.

M easurements of isolated teeth from the
Olkhovkalocality:

Length Width
Tooth
n limits average n limits average

P 1 0.6 - 1 0.75 -
Ml 14 1.7-2.25 2.01 14 1.4-1.75 156
M2 12 1451675 153 10 12515 14
M3 2 1.0 - 2 1.0 -
M; 18 1575215 185 22 1151425 131
M, 9 15251775 167 9 1.2-155 1.38

Length of tooth rows. P*-M?: (GIN, no. 1111/25)
3.85; P*-M*: (GIN, no. 1111/25) 2.35; M-M3; (GIN,
no. 1111/10) 4.55; M*~M?2 (GIN, no. 1111/25) 3.25,
(GIN, no. 1111/10, dex.) 3.75, and (GIN, no. 1111/10,
sin.) 3.825; M>-M3: (GIN, no. 1111/10) 2.55; and M,—
M, (GIN, no. 1111/48) 3.4 and (GIN, no. 1111/7) 3.6.

Measurements of teeth from other localities: M;:
(GIN, nos. 945/305, 303, and 304, Beteke 1B locality)
1.75%1.325, 1.95 % 1.35, and 1.95 x 1.45, respectively;
(GIN, nos. 1116/1-3, Polovinnoe) 1.75 x 1.125, 1.9 x
1.25,and 2.1 x 1.4, respectively; and (GIN, nos. 1112/3
and 2, Andreevka 2B) 1.75 x 1.25 and 2.05 x 1.375;
M,: (GIN, no. 1112/6, Speranskoe) 1.65 x 1.425; (GIN,
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no. 1108/1006, Pavliodar 2B) 1.7 x 1.3; and (GIN,
no. 945/302, Beteke 1B) 1.75 x 1.5.

Comparison.L. (P).ultimusdiffersfromL. (P).
progressus, L. (P). intermedius, and L. (P). pusillus by
the larger measurements, stable display of aclearly dif-
ferentiated posterostyle on the M2, and the presence of
contacts between the hypoconid and the entoconid on
the M, and between the protoconid and the metaconid
ontheM,. It differsfrom L. (P). afanasievi by the struc-
ture of M, and from L. (P). sibiricus by the higher fre-
guency of the M* having the anteroloph, the absence of
supplementary crest of the anterofossette on the M?, the
prevalence of contacts between the anteroconid and the
metalophid on the M, close positions of cusps on the
M., and by the larger tooth measurements.

Occurrence. Lower Pliocene (MN14-MN15)
of Western Siberia and Kazakhstan.

M aterial. In addition to the holotype, two frag-
mentary upper jaws containing teeth (one with both
M*-M?3 rows and one with P*-M? and M*-M?), frag-
mentary maxillawith M, fragmentary zygomatic arch,
fivefragmentary lower jaws (three with M; and M, one
with M, and onewith M,), and 41 isolated teeth (11 M?,

seven M?, 12 M4, and 11 M,) from the type locality. In
addition, three M, from the Beteke Formation of the

Polovinnoe locality; two M, and one fragmentary M?
from the Beteke Formation of the Andreevka 2B local-
ity; three M, and one M, from the Beteke Formation of
the Beteke 1B locality; M, from the Livenka Formation
of the Speranskoe locality; and M, from the Beteke
Formation of the Pavliodar 2B locality.

DISCUSSION

Early inthe Late Miocene (MN9), the genus Hetero-
sminthus gave rise to the evolutionarily advanced spe-
cies showing great similarity to Lophocricetus, i.e.,
H. mugodzharicusin western Kazakhstan and H. gabu-
niai in Moldova. The earliest members of Lophocrice-
tus were found in MN10; they include L. minuscilus
from the Petropavlovsk Fauna of Kazakhstan and
L. minuscilus and L. complicidens from the Upper Sar-
matian of Ukraine. At the end of the Miocene, late Hete-
rosminthus, including H. gansus from China (MN11)
and H. saraicus sp. nov. from Eastern Siberia (MN12),
coexisted with Lophocricetus, athough none of studied
locdlities contain both Heterosminthus and Lophocricetus.

The upper molar structure of Late Miocene
L. minuscilus, L. complicidens, and L. vinogradovi shows
that the ancestor of the genus Lophocricetus belonged
to Heterosminthus and had a complete anteroloph on
the M* and doubl e anteroloph on the M2, In H. gabuniai
and H. saraicus, the anteroloph on the M? is strongly
reduced and the M? is characterized by single antero-
loph and reduced endol oph. Thus, these species should
be excluded from probabl e ancestors of Lophocricetus.
H. mugodzharicus has a well-devel oped anteroloph on
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Tablel. Thefreguenciesof tooth morphotypesin Early Pliocene speciesof Lophocricetus (Paralophocricetus): L. (P). progres-
sussp. nov., Baikal, Olkhon 2 locality, OdonimskayaMember; L. (P). pusillus, Mongolia, Khirgis-Nur 2 locality; Upper Khir-
gis-Nur Subformation, interval 37—40 m; L. (P). sibiricus sp. nov., Western Siberia, Cherlak 1A locality, Rytovo Formation;
and L. (P). ultimus sp. nov., Western Siberia, Olkhovka locality

L. (P.) L.(P.) L. (P.) L. (P.)
Tooth Element Variant progressus pusillus sibiricus ultimus
n % n % n % n %
M* | anteroloph —reduced 6 | 115 4 36 14| 11 6 40
— absent 46 | 885 7 64 114 | 89 9 60
mesoloph —rudimentary 2 4 0 0 1 0.8 0 0
— absent 50 | 96 11 | 100 127 | 99.2 | 15 | 100
posterosinus —open 43 | 83 10 | 100 R| 72 12 80.5
— partialy closed 7| 13 0 0 19| 15 1 6.5
—closed 4 0 0 17 | 13 2 13
M2 | anterofossette — partitioned by crest 9| 24 0 0 15| 19 0 0
—integra 28 | 76 4 | 100 64 | 81 11 | 100
endoloph — present, complete 36 | 97 4 | 100 70| 885 | 10 91
—incompl ete or absent 1 3 0 0 9| 115 1 9
posterof ossette —open 14 | 40 3 75 7 9 1 9
—closed 21 | 60 1 25 72| 9 10 91
— partitioned by crest 3 8 0 0 0 0 0 0
—integra 33 | 92 4 | 100 79 | 100 11 | 100
M, |anteroconid — connected to metaconid 51 | 785 | 12 52 44 | 31 3 20
— connected to metalophid 0 0 0 0 | 22 8 53
—isolated 10 | 155 7 30 64 | 45 4 27
— connected to two cusps 4 6 0 0 0 0 0 0
— absent 0 0 4 18 3 2 0 0
protoconid contacts | —with point of contact between | 37 | 55 5 21 64 | 456 | 10 62.5
endolophid and metaconid
— double, with metaconid and 5 75 2 8 1 0.7 0 0
endolophid
— only with metaconid 6 9 11 46 74 | 53 6 375
—only with endolophid 9 | 135 5 21 1 0.7 0 0
— absent 10 | 15 1 4 0 0 0 0
ectomesol ophid —long, complete 50 | 695 | 17 68 71| 493 | 12 71
— short or absent 22 | 305 8 32 73 | 50.7 5 29
hypoconid contacts |— with entoconid 44 | 64 16 67 14 | 100 17 | 100
—with mesoconid 25 | 36 8 33 6 0 0 0
M, | anterior contact —with anteroconid 25 | 51 6 50.5 0 0 0 0
of protoconid — with arm of metaconid 14 | 29 4| 33 6| 6 1| 6
—with metaconid 7| 14 2 165 | 95| 9 15 94
— absent 3 6 0 0 0 0 0 0

the M?; based on this character, it could be the ancestor
of Lophocricetus (the M? of this species has not been
found). The M, of H. mugodzharicus has much in com-
mon with the M, of the most primitive Lophocricetus,
i.e., thelong ectomesol ophid fused with the mesoconid,
the arms of the hypoconid and entoconid are positioned
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close to each other, and aweak posterostylid is present
(Zazhigin and Lopatin, 20004).

The patterns of connection between the metaconule
and the metacone on the M* and between the hypoconid
and the central part of the occlusa surface onthe M, are
important characters of the dental structure of Lophocrice-
Vol. 36
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tus. L. (L). minuscilus shows the most primitive struc-
ture of M?; i.e., the metaconule is displaced toward the
metacone to a substantially lesser extent than in the
other species. Certain species of the subgenus Paralo-
phocricetus, such asL. (P). progressus, L. (P). interme-
dius, and L. (P). pusillus, show a primitive type of the
M, structure characteristic of Heterosminthus, where
the hypoconid is connected to the mesoconid (Table 1).
An intermediate type, in which the hypoconid adjoins
the arm of the entoconid, occursin L. (P). progressus
and L. (P). pusillus. An advanced type, i.e., the hypo-
conid connected to the entoconid, occurs in L. (P).
intermedius, prevailsin L. (P). progressus and L. (P).
pusillus, and ispresentsin all individuals of L. (P). afa-
nasievi, L. (P). sibiricus, and L. (P) ultimus and almost
all species of the subgenus Lophocricetus sensu stricto.
The sole exception is provided by one M; of L. (L).
complicidens described as the holotype L. sarmaticus
(Topachevsky et al., 1984, p. 34, text-fig. Il, G;). Inthis
specimen, the hypoconid is connected to the arm of the
entoconid near the mesoconid. The fact that L. compli-
cidens has such a primitive morphotype agreeswith the
early geological age of this form. Similar changes
occurred in the anterior contact of the protoconid onthe
M,, i.e., in Heterosminthus the protoconid is connected
to the anteroconid; in L. (P). progressus, it usualy
adjoins the anteroconid; in L. (P). pusillus, the arm of
the metaconid; in L. (P). afanasievi, L. (P). sibiricus,
L. (P). ultimus, and Lophocricetus sensu stricto, the
metaconid. Thus, in the MN13 and MN14 zones, the
lower teeth of Paralophocricetus followed the same
evolutionary changes as those of Lophocricetus sensu
stricto in MN10.

Itisworth noting that the range of morphotypic vari-
ation of M, and M, inthe earliest forms of Lophaocrice-
tus sensu stricto is uncertain because the findings of
L. minuscilus and L. complicidens are extremely scarce.
However, the variation was probably comparable to
that of early Paralophocricetus. Paralophocricetus
most likely descends from a primitive species of
Lophocricetus sensu stricto, the upper teeth of which
were similar in structure to those of L. (L). minuscilus
and L. (L). complicidens, whereas the lower teeth
showed the same variability asthose of L. (P). progres-
sus, L. (P). intermedius, and L. (P). pusillus(i.e. included
the L. sarmaticus morphotype). The posterostyle struc-
ture characteristic of M* of Paralophocricetus was
probably formed relatively late. In L. intermedius and
L. afanasievi (MN13), thiselement isincompletely iso-
lated from the hypocone; in some cases, a weakly dif-
ferentiated posterostyle occurs in L. pusillus (MN13—
MN14) and L. progressus (MN14).

Each subgenus comprises groups of species distin-
guished by the dental morphology and probably belong-
ing to separate evolutionary lineages. Lophocricetus
sensu stricto is divided into two lineages, i.e, L. (L).
minuscilus (including “ L. maeoticus’) and the group
L. (L.) complicidens-L. (L.) vinogradovi—L. (L.) gra-
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baui. The latter lineage probably also includes L. (L.)
reliquus, distinguished from other species by the struc-
ture of the hypocone and posteroloph of M?* and by the
mesocone of M?2. Within the subgenus Paralophocrice-
tus, East Siberian L. (P.) progressus is clearly distin-
guished by the opposite position of the paracone and
the protocone on the M* and by the prevalence of prim-
itive morphotypes of M, and M,. The other species of
the subgenus belong to the other lineage. The groups
L. (P) intermedius-L. (P.) pusillus from Central Asia
and L. (P) afanasievi-L. (P) sibiricus-L. (P.) ultimus
from Western Siberia are probably characterized by the
ancestor—descendant relationships.

The taxonomic diversity and abundance of fossilsin
anumber of localities (Pavlodar 1A, Cherlak 1A, Khir-
gis-Nur 2, Olkhon 2, and Olkhovka) show that, late in
the Miocene and early in the Pliocene, Lophocricetus
was the dominant dipodoid genus. The extinction of
this group was probably caused by global fall in tem-
perature at the onset of the Villafranchian.
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