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Abstract

Cenozoic sediments and fossils of the Taatsiin Gol and Taatsiin Tsagaan Nuur area in Mongolia 
yield important information about stratigraphy and mammal evolution in Asia. This issue focuses 
on the taxonomy, evolution and stratigraphic distribution of the rodent family Dipodidae. Nine 
genera and 20 species of Dipodidae are identified from 70 fossil beds of the Hsanda Gol and Loh 
Fms.These include the descriptions of Onjosminthus baindi nov. gen. nov. spec., Heosminthus 
borrae nov. spec., Heosminthus chimidae nov. spec. and Plesiosminthus olzi nov. spec. Dipodi-
dae are the most abundant and species-rich rodent family of the Oligocene in Mongolia. After 
reaching highest diversity in the Late Oligocene (biozone C1), a remarkable decrease of species 
toward the Oligocene-Miocene transition initiated the turnover of Dipodidae-associations during 
the Early Miocene.

Key words: Dipodidae, Paleogene, Neogene, taxonomy, biostratigraphy, Valley of Lakes.

Kurzfassung

Känozoische Sedimente aus der Region um den Taatsiin Fluß und Weißen Taatsiin See in der 
Mongolei liefern bedeutende Informationen zur Stratigraphie und Entwicklung der Säugetiere in 
Asien. Die vorliegende Studie setzt sich das Studium der Taxonomie, Evolution und der zeitlichen 
Verbreitung der Nagerfamilie Dipodidae zum Ziel. Es wurden 9 Gattungen und 20 Arten beschrie-
ben, davon neu: Onjosminthus baindi nov. gen. nov. spec., Heosminthus borrae nov. spec., Heos-
minthus chimidae nov. spec. und Plesiosminthus olzi nov. spec. Dipodidae waren im Oligozän 
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der Mongolei die häufigste und artenreichste Nagetierfamilie. Sie erreichte ihre größte Vielfalt im 
Ober-Oligozän (Biozone C1). Ein markanter Rückgang oligozäner Arten um die Oligozän-Miozän 
Wende leitete den Wechsel der Dipodidae-Vergesellschaftungen im Unter-Miozän ein.

Schlüsselwörter: Dipodidae, Paläogen, Neogen, Taxonomie, Biostratigraphie, Tal der Gobiseen.

Introduction

Dipodidae are well represented in almost all small mammal assemblages from the 
study area and turned out to be excellent biostratigraphic markers. Their stratigraphic 
occurences can be linked with lithostratigraphic and radiometric data, as showed by con-
tinuous improvement of the integrated stratigraphy of the Valley of Lakes, established 
by previous Mongolian-Austrian Geoscientific Projects since 1995 (Daxner-Höck et al. 
1997; Höck et al. 1999; Daxner-Höck & BaDamgarav 2007; Daxner-Höck et al. 
2010 and Daxner-Höck et al. 2013).

Prior to this research, Cenozoic Dipodidae were poorly known from the Valley of Lakes. 
Earlier findings were mainly limited to remains collected from the surface (kowalski 
1974; russell & ZHai 1987; ZaZHigin & lopatin 2000). The method of wet-screening 
of fossil-bearing sediments, introduced by our team in the Valley of Lakes, enabled the 
recovery of a wide spectrum of tiny to large-sized mammal teeth. Since then numerous 
systematic-taxonomic investigations on different fossil groups have been conducted, 

Table 1. List of investigated fossil sites and sections.

locality section locality section
1. Abzag Ovo ABO-A 19. Tatal Gol TAT-037-055
2. Builstyn Khudag BUK-A 20. Tatal Gol TAT-C
3. Ulan Tolgoi UTO-A 21. Tatal Gol TAT-D, -E
4. Del DEL-B 22. Tatal Gol TAT-SE
5. unnamed locality GRAB-II 23. Taatsiin Gol left TGL-A
6. Khongil HL-A 24. Taatsiin Gol left TGL-B
7. Ikh Argalatyn Nuruu IKH-A 25. Taatsiin Gol right TGR-A
8. Ikh Argalatyn Nuruu IKH-B 26. Taatsiin Gol right TGR-B
9. Ikh Argalatyn Nuruu IKH-C 27. Taatsiin Gol right TGR-AB
10. unnamed locality K-II 28. Taatsiin Gol right TGR-C
11. Loh LOH-A 29. Taatsiin Gol right TGR-ZO
12. Loh LOH-B, -C 30. Taatsiin Gol right TGR-1564
13. Luugar Khudag (a,b) LOG-A, -B 31. Toglorhoi TGW-A
14. Huch Teeg RHN-A 32. Toglorhoi TGW-D
15. Hsanda Gol SHG-A 33. Unkheltseg UNCH-A
16. Hsanda Gol SHG-AB 34. Hotuliin Teeg HTE, HTS, HTSE
17. Hsanda Gol SHG-C 35. Luuny Yas LUS
18. Unzing Khurem TAR-A 36. Olon Ovoony Churem ODO-A, -B
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i.e., on Gatropoda (Stworzewicz 2007; neubauer et al. 2013), Amphibia and Squa-
mata (böHme 2007), Didymoconidae, Creodonta and Carnivora (nagel & morlo 
2003; morlo & nagel 2002; morlo & nagel 2007), Marsupialia, Erinaceomorpha 
and Soricomorpha (ziegler, DaHlmann & StorcH 2007), Lagomorpha (erbajeva & 
Daxner-Höck 2001; erbajeva 2003; erbajeva 2007), Rodentia (Daxner-Höck 2000; 
Daxner-Höck 2001; Daxner-Höck & wu 2003; ScHmiDt-kittler, vianey-liauD & 

Fig. 1. The investigated fossil sites and sections listed in Tab. 1. The gray rectangle marks the 
working area in the Taatsiin Gol and Taatsiin Tsagaan Nuur region, Valley of Lakes. The pho-
tograph (below) shows basalt I (age 31.5 Ma) and red clay of the Hsanda Gol Fm., and light-
coloured sediments of the Tsagan Ovo Fm. along the valley of Taatsiin Gol.
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marivaux 2007; koenigswalD & kaltHoff 2007), Ruminantia (visloBokova & Dax-
ner-Höck 2002), Rhinocerotidae (Heissig 2007) and Proboscidea (göHlicH 2007).

During eight field-campaigns from 1995 to 2012, several thousands of teeth, numer-
ous jaws and a few skull-fragments of Dipodidae were collected. The investigated area 
ranges from Luuny Yas in the west to Ikh Argalatyn Nuruu in the east (Fig. 1, Tab.1). 
Numerous data on Oligocene and Early Miocene Dipodidae derive from the adjacent 
countries Kazakhstan and China. The famous localities of the Zaisan Depression and the 
Aral region (Kazakhstan), the Danghe area, Qujing in Yunnan, the Junggar Basin, fossil 
sites of Nei Mongol and many other places (China) provide comprehensive information 
on the development of Dipodidae in Asia (BenDukiDZe et al. 2009; BoHlin 1946; emry 
et al. 1998; Huang 1992; kimura 2010; li & Qiu 1980; lopatin 1999; lopatin & 
ZaZHigin 2000; sHevyreva 1970; wang 1985; wang 2003; wang & Qiu 2000, 2004; 
wang et al. 2003; ye et al. 2003; ZaZHigin & lopatin 2000). The current investiga-
tion includes the examination of unpublished and partly published fossil assemblages. 
The material described in this paper extends that knowledge to Mongolia, and forms an 
important addition to the knowledge on the history of the family.

Geological setting

The Valley of Lakes is one of the Pre-Altai depressions in Mongolia. It is situated between 
the Gobi Altai Mountains in the south and the Khangai Mountains in the north and extends 
across ~500 km in west-east direction in Central Mongolia. Above a Proterozoic and Pale-
ozoic basement the basin is filled with continental sediments ranging from the Cretaceous 
to the Quaternary. Part of the Valley of Lakes is the Taatsiin Gol and Taatsiin Tsagaan Nur 
area (Uvurkhangai Aimag), long known for the fossil richness of Cenozoic sediments and 
its basaltic volcanism (Berkey & morris 1927; Devjatkin 1981; Devjatkin & BaDam-
garav 1993). The Oligocene-Miocene sediment sequences of the Hasanda Gol and Loh 
Fms are exposed along steep cliffs of mostly dry river beds (Fig. 1, Tab. 1). In this region 
there are several basalt layers of different age and regional extension interlayered between 
fossiliferous sediments of the Hsanda Gol and Loh Fms. During comprehensive geolog-
ical-paleontological investigations, an integrated stratigraphy of this area was elaborated 
(1995–1997) and subsequently refined. The focus at that time was on: geological map-
ping, sedimentological and paleontological studies, and stratigraphy. The stratigraphic 
framework is based on: definition and description of formations (Tsagan Ovo-, Hsanda 
Gol-, Loh- and Tuyn Gol Fms), establishment of informal biozones (A, B, C, C1, D, D1/1, 
D1/2 and E), and radiometric ages of basalts I - III (Daxner-Höck et al. 1997; Höck et al. 
1999; Daxner-Höck & BaDamgarav 2007; Daxner-Höck et al. 2010).

The basalt occurrences were dated by the 40Ar / 39Ar method (whole rock samples; Höck 
et al. 1999). This yielded two groups of Oligocene basalt ages. The older one is the Early 
Oligocene basalt I group of around 31.5 Ma (range: 30.4–32.2 Ma; errors varying from 0.3 
to 0.8 Ma). The second is the Late Oligocene basalt II group, which displays age differ-
ences of at least 1 Ma between local occurrences west and east of Taatsiin Gol. The eastern 
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Fig. 2. Sections Unzing Khurem and Abzag Ovo. In the section Unzing Khurem (TAR-A) fossils 
of biozone C are included in the red-orange silt (TAR-A/2) above basalt II (27.4 + 0.4 Ma). The 
section is toped by basalt III (around 13 Ma). In the section Abzag Ovo (ABO-A) the red silt 
(ABO-A/3) below basalt II (27.0 + 0.9 Ma) contains fossils of biozone C.
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basalt II flows are around 28 Ma in age (range: 27–29 Ma), the western flows around 26.5 
Ma (range: 25–27 Ma). Finally, basalt III is of Middle Miocene age around 13 Ma (errors 
vary from 0.2 to 0.7 Ma). (Höck et al. 1999: fig. 8; Daxner-Höck et al. 2010: 351).

The paleontological and stratigraphic focus of this study is on the sediments of the Hsanda 
Gol and Loh Fms, and on the Dipodidae of the Oligocene and Early Miocene. These two 
formations are of particular interest because of their fossil content and contact with basalts I 
and II (Höck et al. 1999). The Hsanda Gol Fm. consists of brick-red clays and silts divided 
by basalt I or its time equivalent tuff. The lower Hsanda Gol beds (below basalt I; older 
than 31.5 Ma) contain fossils of biozone A, and the upper Hsanda Gol beds (immediately 
above basalt I; younger than 31.5Ma) contain fossils of biozone B. The upper part of the 
Hsanda Gol sediments extends to the Late Oligocene as indicated by fossils of biozones C 
to C1. Sediments of the Loh Fm. (sands, silts, gravels of more light colours: rose, yellow, 
white, green, brown) were deposited in the Late Oligocene and Miocene above sediments 
of the Hsanda Gol Fm. The lower part of the Loh Fm. locally contains fossils of biozone C 
immediately below or above basalt II flows. In the section Abzag Ovo (ABO-A/3; Figs 1 
and 2/1), fossils of biozone C were recovered from a red silt of the Loh Fm. immediately 
below basalt II (27.0 + 0.9 Ma). In the section Unzing Khurem (TAR-A/2; Figs 1and 2/2) 
a red-orange silt on top of basalt II (27.4 + 0.4 Ma) contains fossils of biozone C also.

More prominent outcrops of basalt II are present in the northwest of the study area, in 
Olon Ovoony Khurem (ODO-A, B), Luugar Khudag (LOG-B) and Luuny Yas (Yus) 
and from the northern part of the Tatal Gol area (Höck et al. 1999; Daxner-Höck et 
al. 2010). Fossils of biozone C1 and D could not be dated radiometrically, but the litho-
stratigraphic position and biostratigraphic data (above fossil-layers of biozone C), as 
well as stratigraphic correlations with mammal faunas from Kazakhstan, China and 
Europe, indicate a Late Oligocene and Early Miocene age, respectively. Basalt III and 
faunas of biozone D1/1, D1/2 and E are beyond the scope of this study.

Material and methods

The fossils were collected by screen washing of about eighty tons of sediment from more 
than seventy fossil layers along fourty sections (Fig. 1, Tab. 1). In the fieldcamp the teeth 
and bones were picked out from the dry residue using head-lenses and field microscopes. 
The subsequent process of cleaning, identification and arrangement of fossils was per-
formed inVienna. SEM-images were taken at the University Vienna. To facilitate compar-
isons, all right-side teeth are figured as mirror images (reversed) and their figure numbers 
are underlined (e.g., Fig. 4/3 = M3 from the right side). All illustrated, measured and 
described fossils are housed in the Vienna collection (coll. NHMW 2001/0032–00038; 
2001/00064–00068; 2012/0067; 2013/0114–0263); only a minor part of fossils from the 
collection of the Mongolian Paleontological Center are considered in the present issue. 
These are marked in the material lists (coll. MPC). For each measureable tooth the length 
and width are provided under the form: ‘length’×‘width’. All the measurements are given 
in millimetres. For classification above genus level we follow mc kenna & Bell (1997).
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Dental terminology

Abbreviations

coll. NHMW – collection of the Natural History Museum, Department of Geology & 
Palaeontology, Vienna.

coll. MPC – collection of the Mongolian Paleontological Center, Academy of Sciences, 
Ulaanbaatar.

PIN – Paleontological Institute of the Russian Academy of Sciences, Moscow.

LOD – last occurrence datum

FOD – first occurrence datum

Fig. 3. Dental terminology of Dipodidae modified after wang (1985).

©Naturhistorisches Museum Wien, download unter www.zobodat.at



138 Annalen des Naturhistorischen Museums in Wien, Serie A, 116

Systematic Palaeontology

Class Mammalia linneaus, 1758
Order Rodentia BowDicH, 1821

Family Dipodidae fiscHer, 1817
Genus Allosminthus wang, 1985

1985 Allosminthus gen. nov. – wang: 356–361, figs 18–25.
1997 Banyuesminthus gen. nov. – tong: 135–138, 236–237, figs 63–64, pl. XI/15–23.
2001 Tatalsminthus n. gen. – Daxner-Höck: 360–363, pl. 1, figs 1–10, text-fig.1, tabs 2–3.
2009 Allosminthus. – wang: 21–24, figs 1–3.

Ty p e  s p e c i e s :  Allosminthus ernos wang, 1985

D e n t a l  c h a r a c t e r s :  Upper incisors with smooth anterior surface; small, low-
crowned molars; obtuse main cusps; weak crests; M1–2 almost square and subequal in 
size; upper molars three-rooted, two labial roots, one lingual root; mesoloph short or of 
medium length; metaloph complete; M1: anterior arm of protocone joins the paracone, 
forming protoloph I; protoloph II varies from absent to present; metaloph of M2 meets 
anterior arm of hypocone; lower molars two-rooted; ectolophid straight; mesolophid 
short or absent; hypolophid of m1–2 complete; metalophid I and metalophid II of m2–3 
variable; trigonid of m1 short and narrow, anteroconid very small or absent; mesoconid 
of m1 pronounced; hypoconulid of m1–2 and posterior sulcus frequently present.

R e f e r r e d  s p e c i e s  /  t y p e  l o c a l i t i e s :

•	 A. disconjugatus (tong, 1997) from Tuqiaogou (China); late Middle Eocene.
•	 A. ernos wang, 1985 from Caijiachong (China); Early Oligocene.
•	 A. khandae (Daxner-Höck, 2001) from Tatal Gol (Mongolia); Early Oligocene 

(biozone A).
•	 A. majusculus wang, 1985 from Caijiachong (China); Early Oligocene.
•	 A. minutus (Daxner-Höck, 2001) from Hsanda Gol (Mongolia); Early Oligo-

cene (biozone B).
•	 A. uniconjugatus (tong, 1997) from Shanghe (China); late Middle Eocene- 

Late Eocene.

Allosminthus khandae (Daxner-Höck, 2001)
(Fig. 4/ 1–6, Tab. 2)

1999 Heosminthus sp. 2. – Höck et al.: 115–116, fig. 20/2.
2001 Tatalsminthus khandae n. sp. – Daxner-Höck: 360–363, pl. 1, figs 1–10, text-fig. 1, tabs 2–3.
2009 Allosminthus khandae. – wang: 84.

Ty p e  l o c a l i t y :  Tatal Gol (TAT-D/1), Early Oligocene (biozone A).
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O c c u r r e n c e  of Allosminthus khandae in Mongolia (Valley of Lakes, Uvurkhangai): 
Early Oligocene (biozone A).

Ty p e  m a t e r i a l  from Tatal Gol (TAT-D/1). Daxner-Höck (2001: tab. 2)

H o l o t y p e :  Right fragmentary mandible with m1–3 (NHMW 2001/0032/0001/8). 
Measurements: m1 = 0.96 × 0.78 mm, m2 = 0.94 × 0.80 mm, m3 = 0.80 × 0.73 mm.

P a r a t y p e s :  left mandible with m1–3, M1–3l, M1–2l, 1 M1, 3 m2, 2 m3, 5 m1, 4 m2, 
2 m3 (NHMW 2001/0032/0001/1–23).

Table 2. Measurements of Allosminthus khandae.

length (mm) width (mm)
range mean N = 35 range mean

M1 0.98 – 1.07 1.02 4 0.86 – 0.91 0.88
M2 0.91 – 1.10 0.97 10 0.84 – 1.05 0.89
M3 0.68 – 0.73 0.70 3 0.68 – 0.73 0.70
m1 0.96 – 1.03 1.00 8 0.70 – 0.78 0.75
m2 0.89 – 1.03 0.98 7 0.73 – 0.82 0.78
m3 0.75 –0.80 0.78 3 0.65 – 0.86 0.73

Fig. 4. Allosminthus khandae (Daxner-Höck, 2001) from the Valley of Lakes in Mongolia. 
Early Oligocene (biozone A). All specimens in the NHMW collection. 1: left M1–2 (NHMW 
2001/0032/0005/1) from an unnamed locality, GRAB-II. 2: left M2 (NHMW 2001/0032/0002/2) 
from Taatsiin Gol (TGR-A/13). 3: right M3 (NHMW 2001/0032/0001/21) from Tatal Gol (TAT-
D/1). 4: left m1(NHMW 2001/0032/0002/3) from Taatsiin Gol (TGR-A/13). 5: left m2 (NHMW 
2001/0032/0002/4) from Taatsiin Gol (TGR-A/13). 6: right m3 (NHMW 2001/0032/0001/9), AO 
(Daxner-Höck 2001; pl.1, fig. 9) from Tatal Gol (TAT-D/1).
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A d d i t i o n a l  m a t e r i a l  s t u d i e d :  Daxner-Höck (2001: tab. 2)
•	 Taatsiin Gol (TRG-A/13): 5 teeth (NHMW 2001/0032/0002/1–5).
•	 Khongil (HL-A/1): 1 tooth (NHMW 2001/0032/0003/1).
•	 Hsanda Gol (SHG-C/1): 2 teeth (NHMW 2001/0032/0004/1–2).
•	 unnamed locality (GRAB-II): 1 maxilla (NHMW 2001/0032/0005/1).

D e s c r i p t i o n :  Daxner-Höck (2001: 360–363).
R e m a r k s :  According to wang (2009) Tatalsminthus Daxner-Höck, 2001 is a junior 
synonym of Allosminthus wang, 1985 and Tatalsminthus khandae a synonym of Allos-
minthus khandae. This last species is close to the type species Allosminthus ernos in 
size, but differs by: M1 with complete protoloph II, and metaloph joining the hypocone, 
by M1–2 with a mesocone and paracone-spur, by m2–3 with complete metalophid I and 
absent metalophid II (wang 2009: 84). For comparison with further Allosminthus- spe-
cies from China see wang (2009: 83).

Allosminthus minutus (Daxner-Höck, 2001)
(Fig. 5/1–6; Tab. 3)

1999 Heosminthus sp. 3. – Höck et al.: 116.
2001 Heosminthus minutus n. sp. – Daxner-Höck: 363–365, pl. 2, figs 1–11, tabs 4–5.
2007 Heosminthus minutus. – Daxner-Höck & BaDamgarav: 17, Tab. 2.
2010 Heosminthus minutus. – Daxner-Höck et al.: 358, tab. 4.

Ty p e  l o c a l i t y :  Hsanda Gol (SGH-A/20), Early Oligocene, biozone B (Dax-
ner-Höck 2001: 363).
O c c u r r e n c e s  of Allosminthus minutus in Mongolia (Valley of Lakes Uvurkhangai): 
Early to Late Oligocene (biozone B to biozone C). Daxner-Höck (2001: 364, tab. 4).
Ty p e  m a t e r i a l  from Hsanda Gol (SHG-A/20): Daxner-Höck (2001: Tab. 4):
H o l o t y p e :  Right mandible with m1–3 (NHMW 2010z0033/0001/1). Measurements: 
m1 = 0.85 × 0.60 mm, m2 = 0.90 × 0.68 mm, m3 = 0.68 × 0.60 mm (Early Oligocene 
(biozone B)).
P a r a t y p e s :  M1–2l, m3r, m2l (NHMW 2010z0033/0001/2–4); SHG-A/15–20 
(NHMW 2010z0033/0002/1–2); SHG-A/9 (NHMW 2010z0033/0003/1–9) (Early 
Oligo cene (biozone B)).
A d d i t i o n a l  m a t e r i a l  s t u d i e d :
Early Oligocene (biozone B):

•	 Hsanda Gol: SHG-AB/17+18 (NHMW 2001z0033/0004/1–8); SHG-AB/17–20 
(NHMW 2001z0033/0005/1–16).

•	 Ikh Argalatyn Nuru: IKH-A/3–4 (NHMW 2001z0033/0006/1–3); IKH-A/1 
(NHMW 2001z0033/0007/1–2).

•	 Taatsiin Gol: TGR-B/1 (NHMW 2001z0033/0008/1–3); TGR-AB/21. (*).
•	 Tatal Gol: TAT-C/6+7 (NHMW 2001z0033/0011/1–4).
•	 Tatal Gol: TAT-039: 1 m2l (coll. MPC).
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Late Oligocene (biozone C):

•	 Toglorhoi: TGW-A/1: 1 M2r (NHMW 2013/0114/0001).TGW-A/2a: 1 M1r 
(NHMW 2013/0115/0001).

•	 Tatal Gol: TAT-055: 1 M1r, 1M2r, 1 m1r, 1 m3r (NHMW 2013/0116/0001–
0004); TAT-042: Left lower jaw with m1–2 (Coll. MPC).

D e s c r i p t i o n :  Daxner-Höck (2001: 363–365; pl. 2, figs 1–11).

R e m a r k s :  Allosminthus minutus is the smallest Dipodidae species known from the 
Oligocene of Mongolia. It is smaller than Allosminthus khandae and the type species 

Table 3. Measurements of Allosminthus minutus.

length (mm) width (mm)
range mean N = 58 range mean

P4 0.50 1
M1 0.78 – 0.95 0.86 20/18 0.68 – 0.85 0.78
M2 0.73 – 0.90 0.82 15/14 0.68 – 0.85 0.76
M3 0.55 – 0.65 0.61 4 0.55 – 0.65 0.61
m1 0.68 – 0.95 0.82 10 0.56 – 0.68 0.62
m2 0.78 – 0.90 0.85 9 0.59 – 0.71 0.65
m3 0.68 –0.88 0.77 15 0.55 – 0.70 0.63

Fig. 5. Allosminthus minutus (Daxner-Höck, 2001) from the Valley of Lakes in Mongo-
lia. Early Oligocene (biozone B). All specimens in the NHMW collection. 1: left M1(NHMW 
2001/0033/0005/9) from Hsanda Gol (SHG-AB/17–20). 2: left M2 (NHMW 2001/0033/0003/2) 
from Hsanda Gol (SHG-A/9). 3: left M3 (NHMW 2001/0033/0008/3) from Taatsiin Gol 
(TGR-B/1). 4: right m1 (NHMW 2001/0033/0003/5) from Hsanda Gol (SHG-A/9). 5: left m2 
(NHMW 2001/0033/0006/3) from Ikh Argalatyn Nuruu (IKH-A/3–4). 6: left m3 (NHMW 
2001/0033/0011/4) from Tatal Gol (TAT-C/6+7).
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Allosminthus ernos. Originally it was described as Heosminthus minutus Daxner-Höck, 
2001, but its primitive dental structures are indicative of Allosminthus rather than of 
Heosminthus: i.e., the strong anterior protocone arm of M1 is connected with the para-
cone or with the anterior cingulum. The mesoloph of M1–2 is short or of medium length. 
The anteroconid of m1 is weak or absent. The mesolophid of m1–3 is absent, the metal-
ophid II and the hypolophid are dominating lophids.

Genus Heosminthus wang, 1985

1985 Heosminthus gen. nov. – wang: 352–356.

Ty p e  s p e c i e s :  Heosminthus primiveris wang, 1985

D e n t a l  c h a r a c t e r s :  Upper incisors with smooth anterior surface; upper molars of 
small to medium size, and with three roots, two labial and one lingual; M1–2 more or 
less square in outline; labial cusps opposite to lingual cusps; M1 with protoloph II; M2 
with protoloph I or double protoloph; mesoloph of medium length or long; metaloph 
of M1–2 joins hypocone or its anterior arm; anteroconid of m1pronounced; ectolophid 
straight or slightly oblique; mesolophid of m1–2 long or of medium length; posterior 
arm of protoconid of m2 (= metalophid II) absent or short; mesolophid longer than pos-
terior arm of protoconid.

R e f e r r e d  s p e c i e s  /  t y p e  l o c a l i t y :

•	 H. borrae nov. spec. from Unkheltseg (Mongolia); Early Oligocene (biozone B).
•	 H. chimidae nov. spec. from Taatsiin Gol (Mongolia); Early Oligocene (biozone B).
•	 H. primiveris wang, 1985 from Caijiachong (China); Early Oligocene.

R e m a r k s :  Heosminthus primiveris is the oldest and most primitive species of Heos-
minthus. In the course of the Early Oligocene (biozones A to B) in Mongolia, new spe-
cies of different size ranges developed, i.e., Heosminthus borrae nov. spec. (smallest), 
Heosminthus chimidae n. sp. (small) and a third unnamed group of medium size, Heos-
minthus sp. Strikingly, the conservative dental pattern of Heosminthus remained almost 
unchanged during more than ten million years and was favourable in various environ-
ments and living conditions. Heosminthus was an ubiquist, the most abundant and long-
est-living Dipodidae genus, as evidenced by the high number of individuals, its presence 
in all rodent faunas, and its long survival.

Heosminthus borrae nov. spec.
(Figs 6/1–18, Tab.4 )

D e r i v a t i o  n o m i n i s :  In honor to T. Borr, Mongolian member of the field-team.

Ty p e  l o c a l i t y :  Unkheltseg, Uvurkhangai, Mongolia; fossil layer UNCH-A/3B, silty 
clay of the Hsanda Gol Fm., Early Oligocene, biozone B.
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H o l o t y p e  (Fig. 6/1): Fragmentary right maxilla with P4–M2 (Inv. Nr. NHMW 
2013/0117/0001). Measurements: P4 = 0.42 × 0.40 mm, M1 = 0.94 × 0.96 mm, M2 =  
0.89 × 0.94 mm.

P a r a t y p e s  (Figs 2–18): All specimens from the Ty p e  l o c a l i t y :  8 M1l, 1 M2l, 4 
M3l, P4–M1r, 9 M1r, 4 M2r, 6 M3r, m1–3r, 4 m1l, 5 m1r, 3 m2l, 1 m2r, 3 m3l, 3 m3r 
(NHMW 2013/0117/0002–0054).

A d d i t i o n a l  m a t e r i a l  s t u d i e d :

Early Oligocene (biozone B):

•	 Tatal Gol: TAT-C/6: m1r (NHMW 2013/0118/0001).
•	 Taatsiin Gol: TGR-B/1: M2l, 2 m1r (NHMW 2013/0119/0001–0003); 

TGR-AB/21: M1l, M2l, M3l, M3r, 2 m1r, m2r (NHMW 2013/0120/0001–
0007); TGR-AB/22: 2 M1, M2l, M3l, 5 M3r, 2 m1r, m2l (NHMW 
2013/0121/0001–0012).

•	 Unkheltseg (UNCH-A/3B): 12 molars (Coll. MPC)

Late Oligocene (biozone C):

•	 Tatal Gol: TAT-055: 2 M1l, M1r, 3 M2r, m1–3r, m3l (NHMW 
2013/0122/0001–0008).

•	 Taatsiin Gol: TGR-C/7: 2 M2r (NHMW 2013/0123/0001–0002).

Late Oligocene (biozone C1):

•	 Tatal Gol: TAT-E/27: M2r, m1r, m1–2r (NHMW 2013/0124/0001–0003);

Oligocene-Miocene transition (C1–D):

•	 TAT-E/32: M1l (NHMW 2013/0125/0001).

Early Miocene (biozone D):

•	 Hotuliin Teeg: HTE- 005: M1l, M3r, m1l, m1r (NHMW 2013/0126/0001–0004); 
HTE-015–018: 6 molars (coll. MPC).

•	 Huch Teeg: RHN-A/12: M1r, M2l, M3r, m1–3r (NHMW 2013/0127/0001–0004).

D i a g n o s i s :  Very small-sized species; general dental pattern and root numbers in 
accordance with the genus, but cones/conids increasingly high and lophodont; valleys 
deep and narrow specifically of stratigraphic young occurrences; anterior arm of proto-
cone long (80 % of M1); protoloph II of M2 weak or absent; mesoloph(id) long; entoloph 
continuous; sinus of M-2 deep and in anterior direction; lophids of lower molars almost 
as high as conids; anteroconid (m1) connected with lingual cingulum (50 %); shallow 
sinusid (m1–2); frequently ectostylid at the base of sinusid (m1–2); pronounced lingual 
anterolophid (m2–3); posterior arm of protoconid short or absent (m2–3); mesolophid 
long.

D i f f e r e n t i a l  d i a g n o s i s :  Heosminthus borrae differs from the type species in 
having a more advanced dental pattern (molars higher and moderately lophodont). It 
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differs from Heosminthus chimidae in having smaller and relatively high and moder-
ately lophodont molars. It differs from Heosminthus sp. in being noticeably smaller. It 
differs from Bohlinosminthus parvulus in having three roots of upper molars, a double 
protoloph of M2, and having both, a mesolophid and a short posterior arm of protoconid 
in m2.

D e s c r i p t i o n  o f  t h e  h o l o t y p e  (Fig. 6/1): P4–M2r (Inv. Nr. NHMW 
2013/0117/0001):

P4 consists of a single cone which is surrounded by a cingulum; one root.

M1 almost square in outline with rounded corners; four main robust cones; five lophs; 
four narrow labial fossettes; sinus directed forward; long anterior arm of protocone 
extends to antero-labial edge of the tooth; protoloph II connected with posterior arm of 
protocone; metaloph connected with hypocone; long, low mesoloph, constricted before 
reaching mesostyle at the labial boarder; posteroloph long and pronounced, contacts the 
basal part of metacone.

M2 similar to M1; labial anteroloph long, lingual anteroloph absent; protoloph I strong, 
connects the anterior arm of protocone; protoloph II short; metaloph connected with 
hypocone; mesoloph long, ends in a mesostyle; posteroloph long; labial fossettes nar-
row, sinus directed forward.

D e s c r i p t i o n  p a r a t y p e s  a n d  a d d i t i o n a l  m a t e r i a l  (Figs 6/2–18):

P4–M2 similar to holotype. Anterior arm of protocone of M1 variable: short with par-
acone-contact (morphotype 1), or long, reaching the labial tooth wall (morphotype 2), 
and many variations in between; morphotype 1 sometimes (20 % of specimens) occurs in 

Fig. 6. Heosminthus borrae nov. spec. from the Valley of Lakes in Mongolia. Early Oligocene 
(biozone B) to Early Miocene (biozone D). All specimens in the NHMW collection. 1: Right 
P4–M2; holotype (NHMW2013/0117/0001) from Unkheltsg (UNCH-A/3B; biozone B). 2: right 
M1 (NHMW 2013/0127/0001) from Huch Teeg (RHN-A/12; biozone D). 3: left M2 (NHMW 
2013/0127/0002) from Huch Teeg (RHN-A/12; biozone D). 4: right M3 (NHMW 2013/0127/0003) 
from Huch Teeg (RHN-A/12; biozone D). 5: right M1 (NHMW 2013/0117/0002) from Unk-
heltsg (UNCH-A/3B; biozone B). 6: left M1 (NHMW 2013/0117/0003) from Unkheltsg (UNCH-
A/3B; biozone B). 7: left M2 (NHMW 2013/0117/0004) from Unkheltsg (UNCH-A/3B; bio-
zone B). 8: right M3 (NHMW 2013/0117/0005) from Unkheltsg (UNCH-A/3B; biozone B). 9: 
left M3 (NHMW 2013/0117/0006) from Unkheltsg (UNCH-A/3B; biozone B). 10: right m1–2 
(NHMW 2013/0117/0007) from Unkheltsg (UNCH-A/3B; biozone B). 11: right m1 (NHMW 
2013/0117/0008) from Unkheltsg (UNCH-A/3B; biozone B). 12: left m2 (NHMW 2013/0117/0009) 
from Unkheltsg (UNCH-A/3B; biozone B). 13: right m1–3 (NHMW 2013/0127/0004) from 
Huch Teeg (RHN-A/12; biozone D). eclsd = etostylid. 14: right m1 (NHMW 2013/0117/0010) 
from Unkheltsg (UNCH-A/3B; biozone B). 15: left m2 (NHMW 2013/0117/0011) from Unk-
heltsg (UNCH-A/3B; biozone B). 16: right Inc. sup. (NHMW 2013/0127/0005) from Huch Teeg 
(RHN-A/12; biozone D). 17: right m3 (NHMW 2013/0117/0012) from Unkheltsg (UNCH-A/3B; 
biozone B). 18: right m3 (NHMW 2013/0117/0013) from Unkheltsg (UNCH-A/3B; biozone B).


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the Early Oligocene, morphotype 2 dominates in the Late Oligocene and Early Miocene; 
protoloph II of M2 can be short or absent; mesoloph can be constricted before reaching 
the mesostyle or the labial border; mesostyle can be absent; entoloph continuous, never 
interrupted.

M3 of variable pattern; smallest of upper molars, but similar to M2; sinus can be closed 
(lingual connection of protocone and hypocone); or sinus and fossette II are continuous 
(interrupted entoloph).

m1 rectangular in outline; narrow in its anterior part; four main cuspids, four distinct high 
lophids, narrow fossettids; anteroconid present; anteroconid continuous with a lingual 
cingulid (~ 50 %); metalophid high and V-shaped; longitudinal or oblique ectolophid 
connected with protoconid or its basal part; mesolophid long, slightly directed forward, 
sometimes ending in small mesostylid, or constricted before reaching the mesostylid; 
hypolophid connected with anterior arm of hypoconid; posterolophid strong, with or 
without hypoconulid; mesoconid present in most specimens; frequently ectostylid at the 
basis of the flat sinusid.

m2 similar to m1 except for its anterior part; lingual anterolophid strong, short, as high 
as lingual lophids; labial anterolophid low, extends to the basal part of protoconid; pos-
terior arm of protoconid absent or very short; mesolophid long.

m3 narrow in its posterior part; smallest lower molar; dental pattern similar to m2.

R o o t  n u m b e r s :  M1–3 have three roots (two labial, one lingual), m1–3 have three 
roots.

Upper incisors with flat anterior surface (no longitudinal groove!).

R e m a r k s :  Heosminthus borrae and Heosminthus primiveris are two very small Heos-
minthus species. The older one, Heosminthus primiveris, displays the most primitive 
dental characters, i.e., low-crowned, bunodont molars (wang 1985). Heosminthus bor-
rae developed advanced dental structures (molars higher and moderately lophodont) and 
is thought to be the immediate descendant of the former. Stratigraphically, Heosminthus 

Table 4. Measurements of Heosminthus borrae.

length (mm) width (mm)
range mean N = 123 range mean

P4 0.40 – 0.42 2
M1 0.87 – 1.06 0.97 30/29 0.80 – 0.99 0.92
M2 0.82 – 1.01 0.92 19 0.80 – 0.99 0.89
M3 0.64 – 0.78 0.71 21 0.66 – 0.85 0.74
m1 0.94 – 1.11 1.04 31 0.71 – 0.94 0.79
m2 0.87 – 1.06 0.98 14/13 0.87 – 0.94 0.85
m3 0.73 –0.82 0.80 10 0.66 – 0.75 0.69
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borrae ranges from the Early Oligocene (biozone B) to the Early Miocene (biozone 
D). It is the only Heosminthus species that survived the Oligocene-Miocene transition. 
Heosminthus borrae, Bohlinosminthus parvulus and Plesiosminthus promyarion are the 
smallest Asian Dipodidae species of the Late Oligocene and Early Miocene.

Heosminthus chimidae nov. spec.
(Figs 7/1–18, Tab. 5)

D e r i v a t i o  n o m i n i s :  In honor to U. cHimiD, Mongolian member of the field-team.
Ty p e  l o c a l i t y :  Taatsiin Gol, Uvurkhangai, Mongolia; fossil layer TGR-B/1, silty 
clay of the Hsanda Gol Fm., Early Oligocene, biozone B.
H o l o t y p e  (Fig. 7/1): Left fragmentary maxilla with P4–M2 (NHMW 2013/0128/0001). 
Measurements: P4 = 0.52 × 0.52 mm, M1 = 1.22 × 1.13 mm, M2 = 1.18 × 1.13 mm.
P a r a t y p e s  (Figs 7/2–18): 160 fragmentary jaws, isolated molars and premolars from 
the type locality TGR-B/1(NHMW 2013/0128/0002–0161).
A d d i t i o n a l  m a t e r i a l  s t u d i e d :

Early Oligocene (biozone A):
•	 Tatal Gol: TAT- D/1: > 250 jaws and isolated teeth (NHMW 2013/0129/0000); 

TAT-C/1–3: > 160 teeth (NHMW 2013/0130/0000).
•	 Tatal Gol: TGR-A/13+14: > 100 teeth (NHMW 2013/0131/0000); TGL-A/1+2: 

> 100 teeth (NHMW 2013/0132/0000).
•	 Unnamed locality: GRAB-II: 7 teeth (NHMW 2013/0133/0001–0007).
•	 Khongil: HL-A/1: 5 teeth (NHMW 2013/0134/0001–0005).
•	 Hsanda Gol: SHG-C/1–2: > 50 teeth (NHMW 2013/0135/0000).

Early Oligocene (biozone B):
•	 Taatsiin Gol: TGR-AB/21: > 200 jaws and isolated teeth (NHMW 

2013/0136/0000) and numerous specimens (coll. MPC); TGR-AB/22: > 230 
jaws and isolated teeth (NHMW 2013/0137/0000); TGR-ZO/1+2: > 40 iso-
lated teeth (NHMW 2013/0138/0000); TGR-1564: 11 isolated teeth (NHMW 
2013/0139/0000); TGR-B/1: numerous specimens (coll. MPC); TGL-A/11: 25 
isolated teeth (NHMW 2013/0140/0000).

•	 Unkheltseg: UNCH-A/3B: > 140 jaws and isolated teeth (NHMW 
2013/0141/0000).

•	 Del: DEL-B/7: > 120 jaws and isolated teeth (NHMW 2013/0142/0000).
•	 Tatal Gol: TAT-C/6+7: > 110 isolated teeth (NHMW 2013/0143/0000); TAT-E/3: 

17 teeth (NHMW 2013/0144/0000); TAT-037, 039: 20 teeth (coll. MPC).
•	 Hsanda Gol: SHG-A/9: 18 teeth (NHMW 2013/0145/0001–0018); SHG-A/15: 

13 teeth (NHMW 2013/0146/0001–0013); SHG-A/20: 58 teeth (NHMW 
2013/0147/0000); SHG-A/15+20: 15 teeth (NHMW 2013/0148/0001–0015); 
SHG-AB/17+20: >  80 fragm. jaws and isolated teeth (NHMW 2013/0149/0000).
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•	 Ikh Argalatyn Nuru: IKH-A/1–4: > 70 isolated teeth (NHMW 2013/0150/0000); 
IKH-B/2: 15 teeth (NHMW 2013/0151/0001–0015).

Late Oligocene (biozone C):
•	 Taatsiin Gol: TGR-C/1–2: 21 teeth (NHMW 2013/0152/0001–0021).
•	 Unzing Khurem: TAR-A/2: 6 teeth (NHMW 2013/0153/0001–0006).
•	 Abzag Ovo: ABO-A/3: 3 teeth (NHMW 2013/0154/0001–0003); ABO-083: 1 

tooth (NHMW 2013/0155/0001).
•	 Tatal Gol: TAT-055: 20 teeth (NHMW 2013/0156/0001–0020). TAT-040: 2 teeth 

(coll. MPC); TAT-042: 1 lower jaw (coll. MPC).
Late Oligocene (biozone C1):

•	 Tatal Gol: TAT-043: 5 teeth (NHMW 2013/0157/0001–0005); TAT-E/22: 
3 teeth (NHMW 2013/0158/0001–0003); TAT-051/2: 10 teeth (NHMW 
2013/0160/0001–0010); 10 teeth (coll. MPC), TAT-1/2: 2 teeth (coll. MPC); 
TAT-054: 17 upper and lower jaws, 2 teeth (coll. MPC).

Oligocene-Miocene transition: (biozone C1–D):
•	 TAT-E/32: 1 tooth (NHMW 2013/0159/0001);

D i a g n o s i s :  Small-sized species; general dental pattern and root numbers in accord-
ance with the genus; four main robust cusps; lophs short, thin and lower than cusps; 
valleys wide; anterior arm of protocone (M1) of varying length; anterior cingulum (M1) 
of variable shape, can be absent; M1 with protoloph II; M2 mostly with protolophs I+II; 
mesoloph(id) of M1–3(m1–3) long or of medium length; anteroconid of m1 present; m2: 
connection of posterior arm of protoconid and mesolophid or metaconid; posterolophid 
strong; hypoconulid and labial posterior sulcus present or absent.

D i f f e r e n t i a l  d i a g n o s i s :  Heosminthus chimidae differs from the type species in 
being larger and having an increasingly more advanced dental pattern. It differs from 
Heosminthus borrae in being larger, having a more primitive dental pattern (robust 
cones, lower crests, wide fossettes), having both the protolophs I and II in M2, and hav-
ing a strong posterior arm of the protoconid in m2. It differs from Heosminthus sp. in 
being smaller. It also differs from all species of Plesiosminthus by the smooth anterior 

Fig. 7. Heosminthus chimidae nov. spec. from the type locality Taatsiin Gol (TGR-B/1),Valley 
of Lakes in Mongolia. Early Oligocene (biozone B). The figured specimens are the holotype 
and paratypes from the NHMW collection. 1: Left P4–M2; holotype (NHMW 2013/0128/0001). 
2: P4 (NHMW 2013/0128/0002). 3: right M2 (NHMW 2013/0128/0003). 4: left M1 (NHMW 
2013/0128/0004). 5: left M2 (NHMW 2013/0128/0005). 6: left M3 (NHMW 2013/0128/0006). 7: 
left M1 (NHMW 2013/0128/0007). 8: right M2 (NHMW 2013/0128/0008). 9: right M3 (NHMW 
2013/0128/0009). 10: left m1 (NHMW 2013/0128/0010). 11: left m2 (NHMW 2013/0128/0011). 
12: right m3 (NHMW 2013/0128/0012). 13: right m1 (NHMW 2013/0128/0013). 14: left m2 
(NHMW 2013/0128/0014). 15: right m3 (NHMW 2013/0128/0015). 16: right m1 (NHMW 
2013/0128/0016). 17: right m2 (NHMW 2013/0128/0017). 18: left m3 (NHMW 2013/0128/0018).


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surface of upper incisors, the strong anteroconid of m1, the more or less longitudinal 
ectolophid in m1, and the continuous entoloph in M1–2 (no interruption).

D e s c r i p t i o n  o f  t h e  h o l o t y p e  (Fig. 7/1): Left fragmentary maxilla with P4–M2 
(NHMW 2013/0128/0001).

P4: one cusp surrounded by posterior cingulum; one root.

M1: four main rounded cusps in opposing position; protoloph and metaloph short and 
low; anterior arm of protocone of medium length; short cingulum at the antero-labial 
edge of M1; very weak protoloph I contacts anterior arm of protocone; protoloph II con-
nected with entoloph; mesoloph long, reaches labial border; short metaloph connected 
with hypocone; long, low posteroloph; sinus symmetrical; three roots.
M2: similar to M1; labial anteroloph long; lingual anteroloph absent; strong protoloph I 
connected with anterior arm of protocone; weak protoloph II connected with entoloph; 
metaloph connected with hypocone; mesoloph long; three roots.
D e s c r i p t i o n  o f  p a r a t y p e s  a n d  a d d i t i o n a l  m a t e r i a l  s t u d i e d  (Figs 7/2–
18): M1 square in outline; anterior part of M1 with variable pattern: anterior arm of 
protocone can be long, of medium length or short; if short it can contact the paracone or 
the anterior cingulum, if long it can reach the antero-labial edge or the small parastyle; in 
rare cases it connects with a weak protoloph I; anterior cingulum can be labial or double, 
or can display an anterocone (= protoconule); protoloph I weak or absent; protoloph II 
strong, connected with entoloph; mesoloph long, can end in a mesostyle; metaloph con-
nected with hypocone; posteroloph long, thin, can be constricted posterior to hypocone; 
sinus symmetrical or curved in anterior direction.
M2 square to rectangular in outline, with a more narrow posterior part; labial anteroloph 
long, strong; lingual anteroloph absent or weak; protoloph I strong, connected with ante-
rior arm of protocone; protoloph II weak or absent, if present connected with entoloph; 
metaloph transverse, connected with hypocone or its anterior arm; mesoloph long, can 
end in small mesostyle; posteroloph long, thin, can be constricted close to hypocone; 
entoloph continuous; sinus curved in anterior direction.

Table 5. Measurements of Heosminthus chimidae.

length (mm) width (mm)
range mean N = 2456 range mean

P4 0.42 – 0.68 0.58 235
M1 0.96 – 1.25 1.14 433/437 0.87 – 1.22 1.05
M2 0.94 – 1.22 1.08 381 0.89 – 1.22 1.05
M3 0.68 – 1.01 0.80 213/209 0.64– 1.04 0.86
m1 0.96 – 1.36 1.20 444/448 0.73 – 1.13 0.89
m2 0.99 – 1.34 1.19 457/453 0.71 – 1.20 0.93
m3 0.78 –1.29 1.03 285/282 0.68 – 1.01 0.84
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M3 of variable pattern; smallest of upper molars, but similar to M2; cones can be fused 
with lophs; sinus can be closed, when protocone and hypocone are connected lingually; 
or sinus and fossette II are continuous, when entoloph is interrupted; M3 does not dis-
play species-characters.
m1 rectangular in outline with narrow anterior part; four main cuspids, four distinct 
lophids; anteroconid pronounced, in most cases isolated, rarely connected with low ante-
rior cingulid; metalophid U-or V-shaped; hypolophid short, connected with anterior arm 
of hypoconid; mesolophid long, slightly directed forward, ending with or without meso-
stylid; mesoconid strong; posterolophid long, frequently continuous to top of entoconid; 
hypoconulid and sulcus posterior to hypoconid can be present or absent; entolophid 
longitudinal or slightly oblique; ectolophid in very rare cases constricted or interrupted 
close to protoconid; sinusid wide; ectostylid present or absent.
m2 rectangular in outline; four main cuspids, lingual ones drop-shaped, labial ones more 
voluminous; lingual and labial anterolophid more or less equal; metalophid I and ante-
rior arm of protoconid connected with anteroconid; posterior arm of protoconid con-
nected with metaconid or to mesolophid; mesolophid long; hypolophid connected with 
anterior arm of hypoconid; shape of posterolophid, hypoconulid and posterior sulcus 
similar to m1; mesoconid stronger than mesostylid; ectolophid in longitudinal direction.
m3 similar to m2, but narrow in its posterior part; double anterolophid, metalophid I, 
hypolophid and posterolophid present; length and connections of posterior arm of proto-
conid and mesolophid extremely variable.
Upper molars have three roots, lower molars have two roots. Upper and lower incisors 
have ungrooved anterior surface.
R e m a r k s :  Heosminthus chimidae ranges in Mongolia from the Early Oligocene to 
the Late Oligocene. Only one isolated tooth was recovered from the Oligocene-Miocene 
transition (TAT-E/32). Heosminthus chimidae dominates over all other Dipodidae for 
almost ten million years. There is, however, a wide variability of dental morphology and 
size. Specifically at the beginning of the Early Oligocene, different morphotypes co-oc-
cur within one fauna: they range from small, primitive specimens of the Heosminthus 
primiveris-type to specimens as large as Heosminthus sp., and many intermediate mor-
photypes are present. Finally, three independent species established in the course of the 
late Early Oligocene: Heosminthus borrae, Heosminthus chimidae and Heosminthus sp.

Heosminthus sp.
(Figs 8/1–8, Tab. 6)

O c c u r r e n c e s  of H. sp. in Mongolia (Valley of Lakes, Uvurkhangai): Oligocene.
M a t e r i a l  s t u d i e d :
Early Oligocene (biozone A):

•	 Tatal Gol: TAT-D/1: 2 M1l (NHMW 2013/0161/0001–0002).
•	 Taatsiin Gol: TGR-A/13: 1 lower jaw with m1–2 (NHMW 2013/0162/0001).
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Early Oligocene (biozone B):
•	 Taatsiin Gol: TGR-B/1: 2 M1l (NHMW 2013/0163/0001–0002).
•	 Unkheltseg: UNCH-A/3B: 1 M1l, 2 m2r, 1 m2l (NHMW 2013/0164/0001–0004).
•	 Tatal Gol: TAT-E/3: 1 M1r (NHMW 2013/0165/0001); TAT-C/6, 7: 1 M1l, 1 

M1r, 1 m1l (NHMW 2013/0166/0001–0003).
•	 Hsanda Gol: SHG-A/20: 1 M1l, 1 M3l, 1 m2r, 3 P (NHMW 2013/0167/0001–

0003); SHG-AB/17+20: 1 M1l, 2 M2l, 1 m1l, 1 m2–3l, 1 m3l, 2 P4 (NHMW 
2013/0168/0001–0007).

•	 Ikh Argalatyn Nuru: IKH-A/1, 3+4: 1 P4, 1 M1l, 1 m1l, 1 m2r (NHMW 
2013/0169/0001–0004).

•	 Del: DEL-B/7: 1 M1r (NHMW 2013/0170/0001).
Late Oligocene (biozone C):

•	 Toglorhoi: TGW-A/2a, 2b: 1 m3l, 2 m1l (NHMW 2013/0171/0001–0003).
•	 Tatal Gol: TAT-055: 1 M1–2r, 1 M2l, 1 M2r, 1 m2l (NHMW 2013/0172/0001–0004).

Late Oligocene (biozone C1):
•	 Tatal Gol: TAT-043: 1 maxilla with M1–3l, 1 M1r, 3 m1l, 1m2l, 1 m3l (NHMW 

2013/0173/0001–0007).

R e m a r k s :  Heosminthus sp. is larger than Heosminthus chimidae, Heosminthus bor-
rae and the type species Heosminthus primiveris, but dental characters are within the 
variability of Heosminthus borrae. Since there are no significant morphological differ-
ences, we refrain from describing a new species. Some molars (specifically from the 
Late Oligocene; TAT-043, TAT-55; Fig. 8/1, 3–4, 8) resemble Heosminthus sp. as well as 
Plesiosminthus asiaticus. However, grooved upper incisors are not documented from the 
respective fossil sites, therefore determination has to be Heosminthus sp.

Genus Plesiosminthus viret, 1926

Ty p e  s p e c i e s :  Plesiosminthus schaubi viret, 1926

Table 6. Measurements of Heosminthus sp.

length (mm) width (mm)
range mean N = 39 range mean

P4 0.66 – 0.71 0.68 3
M1 1.27 – 1.39 1.31 12 1.18 – 1.34 1.23
M2 1.22 – 1.29 1.26 4 1.11 – 1.32 1.24
M3 0.94 1 0.99
m1 1.39 – 1.46 1.43 7/6 0.99 – 1.13 1.05
m2 1.36 – 1.48 1.41 9 1.01 – 1.18 1.11
m3 1.22 –1.29 1.25 3 1.01 – 1.04 1.02
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D e n t a l  c h a r a c t e r s :  Upper incisors with a longitudinal groove along the ante-
rior surface [in accordance with the diagnose of Schaub (1930: 618)]; small bunodont 
molars; M1–2 almost square, mesoloph long; M1 with protoloph II; M2 with protoloph I 
+ II, metaloph connected with anterior arm of hypocone, entoloph-protocone connection 
and hypocone-posteroloph connection frequently constricted or interrupted; mesolophid 
of m1–2 long; ectolophid of m1 oblique, frequently curved, connected with basal part of 
protoconid; M1–3 with three roots, m1–3 with two roots.

Fig. 8. Heosminthus sp. from the Valley of Lakes in Mongolia. Early Oligocene (biozone B) to 
Late Oligocene (biozone C1). All specimens from the NHMW collection. 1: right M1 (NHMW 
2013/0173/0001) from Tatal Gol (TAT-043), Late Oligocene (biozone C1). 2: left M1 (NHMW 
2013/0169/0001) from Ikh Argalatyn Nuruu (IKH-A/1), Early Oligocene (biozone B). 3: right 
M2 (NHMW 2013/0172/0001) from Tatal Gol (TAT-055), Late Oligocene (biozone C). 4: left m1 
(NHMW 2013/0173/0002) from Tatal Gol (TAT-043), Late Oligocene (biozone C1). 5: right m2 
(NHMW 2013/0169/0002) from Ikh Argalatyn Nuruu (IKH-A/3+4), Early Oligocene (biozone 
B). 6: left m3 (NHMW 2013/0173/0003) from Tatal Gol (TAT-043), Late Oligocene (biozone 
C1). 7: left m1 (NHMW 2013/0171/0001) from Toglorhoi (TGW-A/2a), Late Oligocene (biozone 
C). 8: left m2 (NHMW 2013/0172/0002) from Tatal Gol (TAT-055), Late Oligocene (biozone C).

©Naturhistorisches Museum Wien, download unter www.zobodat.at



154 Annalen des Naturhistorischen Museums in Wien, Serie A, 116

R e f e r r e d  s p e c i e s / t y p e  l o c a l i t i e s  f r o m  E u r a s i a  a r e :

•	 P. asiaticus Daxner-Höck & wu, 2003 from Tiheersihabahe, Loc.98035 
(China); Late Oligocene.

•	 P. barsboldi Daxner-Höck & wu, 2003from Unkheltseg (Mongolia); Early 
Miocene (biozone D).

•	 P. conjunctus Ziegler, 1994 from Herrlingen 8 (Germany); Late Oligocene 
(MP 28).

•	 P. moralesi alvareZ-sierra et al., 1996 from Sayaton I (Spain); Late Oligocene 
(MP 29).

•	 P. myarion scHauB, 1930 from Chavroches (France); Early Miocene (MN 1).
•	 P. olzi nov. spec. from Hotuliin Teeg (Mongolia); Early Miocene (biozone D).
•	 P. promyarion scHauB, 1930 from Rickenbach (Switzerland); Late Oligocene 

(MP 29).
•	 P. schaubi viret, 1926 from Saint- Gérand-le-Puy (France); Late Oligocene.
•	 “P.” tereskentensis lopatin, 1999 from Altynshokysu, bone bed I (Kazakhstan); 

Late Oligocene (= Early Miocene according to lopatin 1999).
•	 “P.” vegrandis kimura, 2010 from Gashunyinadege (China); Early Miocene.
•	 P. winistoerferi engesser, 1987 from Brochene Fluh (Switzerland); Late Oligo-

cene (MP 30).

R e m a r k s :  We agree with wang (1985: 363) that “Plesiosminthus” huangshuiensis, 
“Plesiosminthus” xiningensis and “Plesiosminthus” lajeensis (li & Qiu 1980) have to 
be excluded from the genus Plesiosminthus because of significant morphological dif-
ferences (e.g., four roots of upper molars, smooth anterior surface of upper incisors). 
So far no upper incisors are known for “Plesiosminthus” tereskentensis lopatin, 1999 
and “Plesiosminthus” vegrandis kimura, 2010, therefore their genus-attribution is still 
uncertain.

The first occurrences of Plesiosminthus are from the Late Oligocene of China, Mon-
golia and Europe. Its immediate ancestors are unknown, but Plesiosminthus probably 
descended from Heosminthus (wang 1985; Daxner-Höck & wu 2003) because it 
shares size and main dental features with Heosminthus: small to medium-sized buno-
dont molars, + square M1–2 with 3 roots, opposing position of labial and lingual cones 
(ids) and the number and direction of loph(id)s. Other than Heosminthus, Plesiosminthus 
developed a grooved upper incisor. As outlined above, Heosminthus was the most abun-
dant rodent of the Early Oligocene in Mongolia, and from that time-interval exclusively 
upper incisors with smooth anterior surface are known. The first rare findings (1–2 frag-
ments) of incisors with a shallow longitudinal groove were made in faunas of the Late 
Oligocene (TAR-A/2; biozone C; LOH-C/1 and RHN-A/7; biozone C1; Daxner-Höck 
& wu 2003). In younger faunas, the number of grooved upper incisors increased along 
with the number of Plesiosminthus-molars. Simultaneously, Heosminthus and Bohlin-
osminthus decreased drastically and finally became extinct, while Plesiosminthus, Lito-
donomys and Heterosminthus developed rapidly.
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Plesiosminthus asiaticus Daxner-Höck & Wu, 2003
(Figs 9/1–3, Tab. 7)

1999 Plesiosminthus sp. 1. – Höck et al.: 118.
2003 Plesiosminthus cf. asiaticus. – Daxner-Höck & wu: 137–140, fig. 7/1–9.
2007 Plesiosminthus cf. asiaticus. – Daxner-Höck & BaDamgarav: 17, Tab. 3.
2010 Plesiosminthus cf. P. asiaticus. – Daxner-Höck et al.: 358, fig. 6/10–12.

Ty p e  l o c a l i t y :  Tieersihabahe, loc. 98035, T1; North Junggar Basin (China); Late 
Oligocene.

Table 7. Measurements of Plesiosminthus asiaticus.

length (mm) width (mm)
range mean N = 9 range mean

P4 0.65 1 0.65
M1 1.30 – 1.35 2 1.30
M2 1.15 – 1.30 2 1.20 – 1.25
m1 1.25 1 0.90
m2 1.20 – 1.30 2 1.10
m3 1.05 1 0.90

Fig. 9. Plesiosminthus asiaticus Daxner-Höck & wu, 2003 from Huch Teeg (RHN-A/7), Val-
ley of Lakes in Mongolia, Late Oligocene (biozone C1). All specimens from the NHMW col-
lection. 1: right m1 (NHMW 2001/0064/0001/7), AO (Daxner-Höck & wu 2003: fig. 7/7). 2: 
right m2–3 (NHMW 2001/0064/0001/9), AO (Daxner-Höck & wu 2003: fig. 7/9). 3: left M1 
(NHMW 2001/0064/0001/2), AO (Daxner-Höck & wu 2003: fig. 7/2).
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O c c u r r e n c e s  of Plesiosminthus asiaticus in Mongolia (Valley of Lakes, Uvur-
khangai): Late Oligocene (biozone C1).

M a t e r i a l  s t u d i e d :

Huch Teeg: RHN-A/7: The correct name of the locality is Huch Teeg (= “Tavan Ovoony 
Deng” in Daxner-Höck &wu 2003); Inc. sup., 1 jaw with m 2–3, 7 molars (NHMW 
2001/0064/0001/1–9).

D e s c r i p t i o n :  Daxner-Höck & wu (2003: 137–140; fig. 7/1–9).

R e m a r k s :  Plesiosminthus asiaticus is documented in Mongolia by a few molars and 
grooved upper incisors, which are in good agreement with Plesiosminthus asiaticus 
from the Junggar Basin (China). Plesiosminthus asiaticus from the Late Oligocene  
and Plesiosminthus barsboldi from the Early Miocene are largest of the Mongolian 
species.

Plesiosminthus promyarion ScHaub, 1930
(Figs 10/1–7, Tab. 8)

1999 Plesiosminthus sp. 2. – Höck et al.: 118.
2003 Plesiosminthus promyarion. – Höck & wu: 140–142, figs. 8/1–9.
2007 Plesiosminthus promyarion. – Daxner-Höck & BaDamgarav: 17, Tab. 3.
2010 Plesiosminthus promyarion. – Daxner-Höck et al.: 358, fig. 6/7–9.

Ty p e  l o c a l i t y :  Rickenbach (Switzerland), Late Oligocene (MP 29).

O c c u r r e n c e s  of Plesiosminthus promyarion in Mongolia (Valley of Lakes, Uvur-
khangai): Late Oligocene to Oligocene-Miocene transition (C1 to C1–D).

M a t e r i a l  s t u d i e d :

Late Oligocene (biozone C1):

•	 Huch Teeg: RHN-A/9: 12 fragmentary I sup., 15 fragmentary I inf., 1M1r,  
2 m1l, 1 m1r, 2 m2l (NHMW 2001/0065/0001–0009) Daxner-Höck &wu  
(2003: 140); RHN-019: 2 Inc. sup., 1 M1l, 1 m1r (NHMW 2013/0174/0001–0004).

Table 8. Measurements of Plesiosminthus promyarion.

length (mm) width (mm)
range mean N = 18 range mean

M1 1.06 – 1.13 1.10 5 0.99 – 1.11 1.02
M2 1.08 – 1.15 3 1.01 – 1.15
m1 1.13 – 1.27 1.20 7 0.75 – 0.96 0.89
m2 1.11 – 1.18 1.15 4 0.87 – 0.99 0.90
m3 0.99 1 0.89
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Oligocene-Miocene transition (biozone C1–D):

•	 Hotuliin Teeg: HTS-056/1+2: Inc. sup., 1 M1r, 1 M1l, 1 M2l, 1 m1l, 1 m2l, 1 
m3l (NHMW 2013/0175/0001–0007); 1 M1l, 1 M2 r, 2 m1l, 2 Inc. sup (coll. 
MPC).

D e s c r i p t i o n :  Upper incisors with a deep longitudinal groove; small brachyodont 
molars.

Fig. 10. Plesiosminthus promyarion scHauB, 1930 from Huch Teeg (RHN-A/9; Late Oligocene, 
biozone C1) and Hotuliin Teeg (HTS-056/2; Oligocene-Miocene transition, biozone C1–D), 
Valley of Lakes in Mongolia. All specimens from the NHMW collection. 1: left M1 (NHMW 
2013/0175/0001) from Hotuliin Teeg (HTS-056/2). 2: left M2 (NHMW 2013/0175/0002) from 
Hotuliin Teeg (HTS-056/2). 3: left m1 (NHMW 2013/0175/0003) from Hotuliin Teeg (HTS-
056/2). 4: left m2 (NHMW 2001/0065/0001/8) from Huch Teeg (RHN-A/9), AO (Daxner-Höck 
& wu 2003: fig. 8/8). 5: right m1 (NHMW 2001/0065/0001/7) from Huch Teeg (RHN-A/9), AO 
(Daxner-Höck & wu 2003: fig. 8/7). 6: left m3 (NHMW 2013/0175/0004) from Hotuliin Teeg 
(HTS-056/2). 7: right Inc. sup. (NHMW 2013/0175/0005) from Hotuliin Teeg (HTS-056/2).
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M1: anterior arm of protocone long or almost so, and contacting the weak labial 
 cingulum or parastyle; protoloph II connects with posterior arm of protocone; mes-
oloph long or of medium length; mesostyle and mesocone weak or absent; metaloph 
connects with  hypocone or its anterior arm; posteroloph constricted posterior to hypo-
cone; posterior lingual sulcus present or absent; entoloph continuous; sinus slightly 
turned forward.

M2: resembles M1; labial anteroloph pronounced, lingual anteroloph weak or absent; 
protoloph strong, connected with anterior arm of protocone; protoloph II absent or con-
nected with entoloph; mesoloph long; metaloph connected with anterior arm of hypo-
cone; sinus slightly directed forward.

m1: anteroconid weak, mostly continuous with small anterolophid or with protoconid; 
metalophid U-shaped; mesolophid long, right-angled with oblique ectolophid; ectol-
ophid curved and connected with postero-labial base of protoconid (6 specimens), or 
almost longitudinal and connected with posterior part of protoconid; hypolophid con-
nected with anterior arm of hypoconid; posterolophid long; hypoconulid weak; sinusid 
directed backward.

m2: rectangular in outline; four main cuspids, lingual ones drop-shaped, labial ones 
more voluminous; lingual and labial anterolophid more or less equal; metalophid I con-
nected with anterior arm of protoconid; posterior arm of protoconid short, with free 
end;  mesolophid long, right-angled with oblique ectolophid; hypolophid connected with 
anterior arm of hypoconid; posterolophid long; hypoconulid weak; sinusid directed 
backward.

m3: anterolophid double; entoconid absent; metalophid connected with protoconid; 
mesolophid almost long, in its middle part connected with metalophid by a weak longi-
tudinal crest; hypolophid short; posterolophid long.

M1–with three roots, m1–3 with two roots.

R e m a r k s :  So far, Plesiosminthus promyarion is the smallest Plesiosminthus species 
of Mongolia. It resembles “Plesiosminthus” tereskentensis and Heosminthus chimidae 
in dental characters and size. It can be distinguished from Heosminthus chimidae by: 
grooved upper incisors, the ectolophid of m1 (oblique, frequently curved and connected 
with the posterior basal part of protoconid), and the short posterior arm of protoconid 
of m2. The upper incisors of “Plesiosminthus” tereskentensis are not known, therefore 
genus-attribution is still uncertain.

Three fossil horizons – dated as latest Oligocene (C1) and Oligocene-Miocene transition 
(C1–D) – yielded Plesiosminthus promyarion in Mongolia. This species is known from 
all over Europe (Germany, Switzerland, France, Spain; Daxner-Höck & wu 2003: 142). 
There, its stratigraphic range is restricted to the Late Oligocene (MP28–29) (engesser 
1987; engesser & möDDen 1997; Hugueney 1997; freuDentHal 1997; kristkoiZ 
1992; Hugueney & vianey-liauD 1980).
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Table 9. Measurements of Plesiosminthus olzi.

length (mm) width (mm)
range mean N = 21 range mean

M1 1.15 – 1.22 3 1.06 – 1.18 1.08
M2 1.15 – 1.29 1.21 5 1.08 - 1.27 1.17
M3 0.94 1 0.92
m1 1.13 – 1.39 1.26 4 0.82 – 1.06 0.95
m2 1.06 – 1.34 1.20 4 0.85 – 1.13 0.98
m3 0.87 – 1.13 1.02 4 0.82 – 0.96 0.89

Plesiosminthus olzi nov. spec.
(Figs 11/1–11, Tab. 9)

D e r i v a t i o  n o m i n i s :  In honor to L. olZiBaataar, member of the Mongolian 
field-team.
Ty p e  l o c a l i t y :  Hotuliin Teeg, Uvurkhangai, Mongolia; fossil layers HTE-008 and 
HTS-005, silty clay of the Loh Fm., Early Miocene (biozone D).
H o l o t y p e  (11/1): Left M1 (NHMW 2013/0176/0001) from HTE-008. Measurements: 
M1 = 1.22 × 1.18 mm.
P a r a t y p e s  (11/2–11): HTE-008: 2 Inc. sup., 2 M1r, 1 M2l, 1 M2r, 1 M3r, 1 m1l, 1 
m2–3l, 2 m3l (NHMW 2013/0176/0002–0012); HTE-005: Inc. sup., 1 M2r, 1 M2l, 1 
m1l, 1 m2l (NHMW 2013/0177/0001–0004).
A d d i t i o n a l  m a t e r i a l  s t u d i e d :
Early Miocene (biozone D):

•	 Hotuliin Teeg: HTE-014–018: 5 Inc. sup., 1 P4, 1 M1r, 1 M2r, 2 m1l, 1 m2–3l, 
1 m2l, 1 m3l (coll. MPC).

D i a g n o s i s :  Small-sized species; upper incisor with longitudinal groove; rugose 
enamel structure of molars; occlusal outline of M1–2 almost square; four main robust 
cusps; loph(id)s robust and almost as high as cusp(id)s; valleys narrow; entoloph of 
M1–2 constricted or interrupted anterior to mesoloph-connection; anterior part of sinus 
of M1–2 narrowed or cut off by a low crest, that extends from the posterior slope of 
protocone toward mesocone; M1 with long anterior arm of protocone, with pronounced 
anterocone (= protoconule) and with protoloph II; M2 with protolophs I+II, protoloph II 
less strong than protoloph I; mesoloph(id) of M1–3 (m1–3) long; mesocone( id) present; 
anteroconid of m1present; posterior arm of protoconid of m2 connected with mesolo-
phid; posterolophid of m1–2 strong, hypoconulid and labial posterior sulcus frequently 
present.
D i f f e r e n t i a l  d i a g n o s i s :  Plesiosminthus olzi has smaller molars than Plesi-
osminthus asiaticus, Plesiosminthus barsboldi, Plesiosminthus winistoerferi and 
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Plesiosminthus schaubi, but larger teeth than Plesiosminthus promyarion, “Plesios-
minthus” vegrandis and “Plesiosminthus” tereskentensis. Tooth sizes are comparable 
with Plesiosminthus conjunctus, Plesiosminthus moralesi and Plesiosminthus myar-
ion, however, molar-structures of Plesiosminthus olzi are more complicated (wrinkled 
enamel surface, high and voluminous cusps and crests, narrow valleys). Concerning 
dental pattern Plesiosminthus olzi is transitional between Plesiosminthus promyarion 
and Plesiosminthus barsboldi. It is more progressive than Plesiosminthus promyarion by 
sharing some advanced dental characters with Plesiosminthus barsboldi: high cusps and 
crests, narrow valleys, entoloph of M1–2 frequently constricted or interrupted before 
reaching protocone, ectolophid of m1–3 mostly longitudinal. However, it differs from 
Plesiosminthus barsboldi by slightly smaller and less lophodont molars, by the wrinkled 
enamel, the pronounced protoconule of M1, by rather short M3/m3 and a shorter poste-
rior arm of protoconid of m2–3.
D e s c r i p t i o n  o f  t h e  h o l o t y p e  (Fig. 11/1): Left M1 (NHMW 2013/0176/0001). 
Wrinkled enamel surface; occlusal outline almost square, anterior wider than posterior; 
four robust cusps in opposing position; tooth crown relatively high; long anterior arm of 
protocone with pronounced anterocone (= protoconule) and small crest directed toward 
base of paracone; pronounced oblique protoloph II connected with posterior arm of pro-
tocone; long mesoloph ending in a small mesostyle; transverse metaloph connected with 
anterior part of hypocone; posteroloph constricted posterior to hypocone; entoloph inter-
rupted anterior to mesocone-mesoloph connection; narrow sinus constricted between 
posterior slope of protocone and small mesocone; narrow fossettes; three roots.
D e s c r i p t i o n  o f  p a r a t y p e s  and additional material studied: Upper incisor with 
pronounced longitudinal groove (Fig. 11/11).
M1 (Fig. 11/2) resemble the holotype except for: less complicated pattern of anterior 
part; constricted, but not interrupted entoloph and sinus.
M2 (Fig. 11/4–5): square in occlusal outline, widest in its anterior part; lingual and labial 
anteroloph; protoloph I and protoloph II; protoloph I can be connected with labial anter-
oloph; protoloph II connected with entoloph; long mesoloph; mesostyle smaller than 
mesocone; transverse metaloph connected with hypocone or its anterior arm; posterol-
oph constricted posterior to hypocone; entoloph can be constricted or interrupted before 

Fig. 11. Plesiosminthus olzi nov. spec. from the type locality Hotuliin Teeg (HTE-005 and HTE-
008), Valley of Lakes in Mongolia, Early Miocene (biozone D). All specimens are the holo-
type and paratypes from the NHMW collection. 1: left M1, holotype (NHMW 2013/0176/0001) 
from HTE-008. 2: right M1 (NHMW 2013/0176/0002) from HTE-008. 3: right M3 (NHMW 
2013/0176/0003) from HTE-008. 4: left M2 (NHMW 2013/0176/0004) from HTE-008. 5: right 
M2 (NHMW 2013/0176/0005) from HTE-008. 6: left m2 (NHMW 2013/0177/0001) from HTE-
005. 7: left m1 (NHMW 2013/0176/0006) from HTE-008. 8: left m1 (NHMW 2013/0177/0002) 
from HTE-005. 9: left m3 (NHMW 2013/0176/0007) from HTE-008. 10: left m3 (NHMW 
2013/0176/0008) from HTE-008. 11: left Inc. sup. (NHMW 2013/0176/0009) from HTE-008.


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reaching protocone; very weak connection of entoloph and anteroloph (Fig. 11/5); nar-
row sinus (similar to holotype); three roots.
M3 (Fig. 11/3): smallest tooth; five lophs (labial anteroloph, protoloph II, mesoloph, 
metaloph, posteroloph); mesoloph connected with metaloph; labial cones lophodont; 
entoloph interrupted; sinus closed; three roots.
m1 (Fig. 11/7–8): anterolophid isolated or connected with protoconid; ectolophid straight 
and longitudinal (Fig. 118) or slightly oblique (Fig. 11/7); mesolophid long; metalophid 
curved; hypolophid connected with anterior arm of hypoconid; strong posterolophid; 
sinusid wide; ectostylid can be present; two roots.

m2 (11/6): labial and lingual anterolophid; metalophid I connected with anterolophid; 
short posterior arm of protoconid (almost) connected with mesolophid; long mesolo-
phid; hypolophid connected with anterior arm of hypoconid; lingual arm of posterolo-
phid strong, labial arm weak; sinusid symmetrical; two roots.

m3 (11/9–10): relatively long; five to six lophids; posterior arm of protoconid present or 
absent; long mesolophid, hypolophid and posterolophid; two roots.

R e m a r k s :  Plesiosminthus olzi is documented by grooved upper incisors and some 
isolated molars from Early Miocene fossil layers of Hotuliin Teeg. The stratigraphic 
position of the respective fossil horizons is the lowermost Early Miocene, i.e., above 
sites of Plesiosminthus asiaticus (RHN-A/7; Late Oligocene, biozone C1) and Plesi-
osminthus promyarion (RHN-A/9; biozone C1 and HTS-056/1+2; Oligocene-Miocene 
transition), but below the type locality of Plesiosminthus barsboldi (UNCH-A/3; Early 
Miocene, biozone D).

Plesiosminthus barsboldi Daxner-Höck & Wu, 2003
(Figs 12/1–3, Tab. 10)

1999 Plesiosminthus sp. 3. – Höck et al.: 118.
2003 Plesiosminthus barsboldi. – Höck & wu: 142–146, figs 9/1–7, 10/1–12.

Table 10. Measurements of Plesiosminthus barsboldi (including data from Daxner-Höck & wu 
2003: 149, Tab. 2).

length (mm) width (mm)
range mean N = 23 range mean

P4 0.47 1 0.61
M1 1.15 – 1.25 1.20 3 1.25 – 1.30 1.27
M2 1.15 – 1.25 1.20 5 1.20 – 1.30 1.23
M3 1.00 1 1.00
m1 1.25 – 1.40 1.33 4 0.95 – 1.00 0.99
m2 1.30 – 1.40 1.36 5 1.00 – 1.10 1.05
m3 1.05 – 1.25 1.14 4 0.95 – 1.00 0.99
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Ty p e  l o c a l i t y :  Unkheltseg, UNCH-A/3 (Mongolia); Early Miocene (biozone D).

H o l o t y p e :  Right maxilla with P4–M1 (NHMW 2001/0066/0002/1). Measurements: 
P = 0.47 × 0.61 mm, M1 = 1.25 × 1.20 mm.

O c c u r r e n c e s  of Plesiosminthus barsboldi in Mongolia (Valley of Lakes, Uvur-
khangai): Early Miocene (biozone D).

Type material from Unkheltseg: UNCH-A/3: Daxner-Höck & wu (2003: 142)

A d d i t i o n a l  m a t e r i a l  s t u d i e d :

•	 Huch Teeg: RHN-A/12: Daxner-Höck & wu (2003: 146).
•	 Luugar Khudag: LOG-A/1: Daxner-Höck & wu (2003: 146).
•	 Hotuliin Teeg: HTE-012: 1 M1l, 1 M1r, 1 M2l, m2l (NHMW 2013/0178/0001–

0004; = Plesiosminthus cf. barsboldi).

D e s c r i p t i o n  (Daxner-Höck & wu 2003: 142–146): Plesiosminthus barsboldi is 
one of the largest Plesiosminthus species; lophodont molar pattern; upper incisors with 
a pronounced longitudinal groove; upper molars square, sometimes wider than long; 
cusps situated close to the four corners; narrow and deep valleys between high cusps and 
lophs; no anterior cingulum of M1; double protoloph of M2; weak connection of protol-
oph II and protocone; entoloph frequently interrupted; metaloph-connection anterior to 
hypocone; rectangular lower molars; high alternating cusps, transversely compressed; 
narrow valleys; ectolophid short, longitudinal, with median connection to protoconid; 
mesoconid strong; hypolophid-connection anterior to hypoconid; M3/m3 large; upper 
molars with three roots; lower molars with two roots.

Fig. 12. Plesiosminthus barsboldi Daxner-Höck & Wu, 2003 from Unkheltseg (UNCH-A/3), Val-
ley of Lakes, Mongolia. Early Miocene (biozone D). All specimens from the NHMW collection. 
1: right M1, paratype (NHMW 2001/0066/0002/7); AO (Daxner-Höck & wu 2003: fig. 10/2). 
2: right m1, paratype (NHMW 2001/0066/0002/13); AO (Daxner-Höck & wu 2003: fig. 10/10). 
3: left m2–3, paratype (NHMW 2001/0066/0002/19)

©Naturhistorisches Museum Wien, download unter www.zobodat.at



164 Annalen des Naturhistorischen Museums in Wien, Serie A, 116

R e m a r k s :  Plesiosminthus barsboldi is the most advanced Plesiosminthus species of 
Mongolia. It resembles Plesiosminthus winistoerferi from the Late Oligocene (MP30) of 
Switzerland, but differs in: wider m1–2, smaller m3, shorter posterior arm of protoco-
nid of m2, and has no additional conules or ridges in the valleys (Daxner-Höck & wu 
2003: 145–146). In Mongolia the stratigraphic range is the Early Miocene (D). Outside 
of Mongolia it is known from the Early Miocene of Gashunyinadege in Nei Mongol, 
China (kimura 2010).

Plesiosminthus sp.

2003 Plesiosminthus sp. A. – Daxner-Höck & wu: 146, 148.
2003 Plesiosminthus sp. B. – Daxner-Höck & wu: 148.

O c c u r r e n c e s  of Plesiosminthus sp. in Mongolia (Valley of Lakes, Uvurkhangai): 
Late Oligocene to Early Miocene.
M a t e r i a l  s t u d i e d  (Daxner-Höck & wu 2003):
Late Oligocene (biozone C):

•	 Unzimg Khurem (= Tarimalyn Churem): TAR-A/2: P. sp. A (Daxner-Höck & 
wu 2003: 146, 148).

Late Oligocene (biozone C1):
•	 Loh: LOH-C/1: P. sp. B (Daxner-Höck & wu 2003: 148).

Early Miocene (biozone D):
•	 Hotuliin Teeg: HTE-012: 2 m2l, 1 m2r (coll. MPC).
•	 Luuny Yas: LUS-078: 1 m2l (coll. MPC).

Genus Onjosminthus nov. gen.

Ty p e  s p e c i e s :  Onjosminthus baindi nov. spec.

D e r i v a t i o  n o m i n i s :  In honor to U. onjo, member of the Mongolian field-team.

D i a g n o s i s :  Upper incisor with smooth anterior surface; molars of medium to large 
size, with robust cusps and narrow deep valleys; M1 with three roots; M2 with three 
or four roots; M3 with three rounded roots; lower molars with two roots; upper molars 
almost square, labial and lingual cusps in opposite position; M1 with protoloph II; M2 
with protoloph I + II; M1 with long anterior arm of protocone; long mesoloph of M1–2 
frequently connected with paracone-spur ; sinus of M1–3 directed forward; m1–3 rec-
tangular; long mesolophid frequently connected with top of metaconid; posterolophid of 
m1–2 continuous to top of entoconid; posterior arm of protoconid of m2 absent or weak; 
m1–2 with hypoconulid and posterior sinusid.

D i f f e r e n t i a l  d i a g n o s i s :  Onjosminthus differs by significantly larger size from all 
small-sized Oligocene to Miocene Dipodidae genera: Allosminthus, Bohlinosminthus, 
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Lithodonomys, Heterosminthus, Plesiosminthus and also from the small-sized species 
of Heosminthus and Shamosminthus. Moreover, it differs from Bohlinosminthus, Lito-
donomys and Heterosminthus by the root numbers of M1 and M3 (three roots), and from 
Plesiosminthus it differs by its larger size and ungrooved upper incisors.
Onjosminthus differs from the medium to large-sized genera and species by the fol-
lowing features: It differs from Sinosminthus by the absence of protoloph I in M1, the 
connection of mesoloph and paracone-spur of M1–2, the metaloph of M1 joining the 
hypocone, m2 without pronounced posterior arm of protoconid, and the absence of an 
anterior spur of hypoconulid. It differs from Parasminthus (P. tangingoli, P. asiaecen-
tralis according to the original definition) in having three roots in M1 and M3, in having 
a more or less square outline of M1–2, also by having a paracone spur and a metaloph 
joining the hypocone in M1–2, also having a mesolophid of m2 continuous with the top 
of metaconid. It differs from Shamosminthus (S. tongi) in having three roots of M1 and 
M3, M1–2 with square outline and the metaloph of M1 joining the hypocone. It differs 
from Gobisminthus by its lower tooth crown and bunodont cones, also in having trans-
versal protoloph and metaloph and a metaloph joining the hypocone in M1–2.

Onjosminthus baindi nov. spec.
(Figs 13/1–8, 14/1–8, tab. 11)

1974 Plesiosminthus tangingoli. – kowalski: 167–168, pl. 1, fig. 1.
1997 Zapodidae indet. – Daxner-Höck et al.: 172.
1999 Parasminthus sp. 1. – Höck et al.: 115.
2007 Parasminthus sp. 1. – Daxner-Höck & BaDamgarav: 14, 17, Tab. 3.
2010 Parasminthus sp. 1. – Daxner-Höck et al.: 358, tab. 4.

D e r i v a t i o  n o m i n i s :  In honor of T. BainD, member of the Mongolian field-team.
Ty p e  l o c a l i t y :  Tatal Gol, Uvurkhangai, Valley of Lakes, Mongolia. Section: TAT-
D, fossil layer TAT-D/1; red clay of the Hsanda Gol Fm. below tuff I (31.5 Ma); Early 
Oligocene (biozone A).
H o l o t y p e  (Fig. 13/1): Fragmentary maxilla with left P4–M2 (NHMW 2013/0179/0001). 
Measurements: P4 = 0.59 × 0.59 mm, M1 = 1.53 × 1.39 mm, M2 = 1.29 ×  1.36 mm.
P a r a t y p e s  (Figs 13/5, 8; 14/2–8): All specimens from the type locality.
TAT-D/1: M1l, 3 M1r, M2–3r, m1l, m2l, 2 m1r, 3 m2r, m1r (NHMW 2013/0179/0002–  
0013).
A d d i t i o n a l  m a t e r i a l  s t u d i e d :
Early Oligocene (biozone A):

•	 Taatsiin Gol: TGR-A/13: 4 P4, P4–M3l, M1l, P4–M3r, m1l, m1–2l, 2 m3l, m3r, 
m2r (NHMW 2013/0180/0001–0028); TGR-A/14: P4, P4–M2l, 2 M1l, M1–2l, 
P4–M1r, M1r, m1l, m1–2l, 2 m3l, m1r, m2r, m1–2r ; TGL-A/2: 1 M1l, 1 M2l, 1 
m1l, 1 m2r (NHMW 2013/0181/0001–0004).

•	 Unnamed locality: GRAB-II: m2r, m3r (NHMW 2013/0182/0001–0002).
•	 Hsanda Gol: SHG-C/1: P4, M1l, m1–2l (NHMW 2013/0183/0001–0003).
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Early Oligocene (biozone B):
•	 Taatsiin Gol: TGR-AB/21: P4, M1r, M2r (NHMW 2013/0184/0001–0003); 

TGR-AB/22: M1l (NHMW 2013/0185/0001); TGR-B/1: M2r, 2m1–frag., m2l 
(NHMW 2013/0186/0001–0004).

•	 Unkheltseg: UNCH-A/3B: M2r (NHMW 2013/0187/0001).
•	 Tatal Gol: TAT-037: m1r, m2r (coll. MPC).
•	 Hsanda Gol: SHG-A/20: M3l (NHMW 2013/0188/0001); SHG-AB/17–20: M3l 

(NHMW 2013/0189/0001).
•	 Ikh Argalatyn Nuru: IKH-A/1: M1r (NHMW 2013/0190/0001).

S t r a t i g r a p h i c  r a n g e :  Early Oligocene, biozones A to B, red clay of the Hsanda 
Gol Fm. below and above basalt I or respective tuff layer (of 31.5 Ma.).
D i a g n o s i s  a n d  d i f f e r e n t i a l  d i a g n o s i s :  The same as for the genus.
D e s c r i p t i o n  o f  t h e  h o l o t y p e  (Fig. 13/1): Fragmentary left maxilla with P4–M2 
(NHMW 2013/0179/0001).
P4: consists of a single cone which is surrounded by a cingulum; one root.
M1: almost square in outline; four main robust cones: five lophs; four narrow labial 
fossettes; sinus directed forward; long anterior arm of protocone extends to antero-labial 
edge, turns backward and contacts the basal part of paracone; paracone and metacone 
with convex anterior side and plane posterior side; protoloph II connected with posterior 
arm of protocone; metaloph II connected with hypocone; long mesoloph extends to the 
labial border; posteroloph long; three roots (a wide lingual and two rounded labial roots).
M2: slightly smaller than M1; narrow in its posterior part; labial anteroloph extends to the 
antero-labial edge, lingual anteroloph short and weak; double protoloph, protoloph I and 
II connected with anterior and posterior arm of protocone, respectively; metaloph con-
nected with hypocone; mesoloph low in its labial part; posteroloph long; entoloph con-
tinuous; sinus directed forward; three roots (a wide lingual and two rounded labial roots).
D e s c r i p t i o n  o f  p a r a t y p e s  and additional material (Figs 13/2–8; 14/1–8):
P4–M2 similar to holotype except for one out of nineteen M1with protoloph I (Fig. 
13/7); long mesoloph interrupted or constricted in its middle part in five out of sixteen 
specimens; frequently paracone spur connected with mesoloph; entoloph continuous; 

Fig. 13. Onjosminthus baindi nov. gen. nov. spec. from the Valley of Lakes, Mongolia. Early Oli-
gocene (biozones A to B). Upper molars. All specimens from the NHMW collection. 1: left maxilla 
with P4–M3, holotype (NHMW 2013/0179/0001) from Tatal Gol (TAT-D/1; biozone A). 2: left 
M1–2 (NHMW 2013/0180/0001) from Taatsiin Gol (TGR-A/14; biozone A). 3: left M2 (NHMW 
2013/0181/0001) from Taatsiin Gol (TGL-A/2; biozone A). 4: left M1 (NHMW 2013/0180/0002) 
from Taatsiin Gol (TGR-A/14; biozone A). 5: right M3, paratype (NHMW 2013/0179/0002) 
from Tatal Gol (TAT-D/1; biozone A). 6: left M1, lingual view (NHMW 2013/0183/0001) from 
Hsanda Gol (SHG-C/1; biozone A). 7: right M1 (NHMW 2013/0184/0001) from Taatsiin Gol 
(TGR-AB/21; biozone B). 8: left M3 paratype (NHMW 2013/0179/0003) from Tatal Gol (TAT-
D/1; biozone A).


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four M2 with protoloph I+II, two M2 only with protoloph II; mesoloph sometimes con-
stricted; connection of paracone spur and mesoloph in four out of six M2; M2 of biozone 
A with three roots (a wide lingual and two rounded labial ones), specimens of biozone B 
with three or four roots (lingual root can be divided).
M3 smallest upper molar; paracone, protocone and hypocone well developed; metacone 
reduced or absent; anteroloph, protoloph I and mesoloph present; metaloph and poster-
oloph absent or interrupted; entoloph can be constricted or interrupted; thus sinus and 
fossette II frequently continuous; M3 with three rounded roots.
m1 rectangular in outline; longest molar; opposing metaconid and protoconid connected 
by v-shaped metalophid II; anteroconid small cusp, or weak crest, or absent; position 
of entoconid anterior to hypoconid; short hypolophid connected with ectolophid close 
to strong mesoconid; short ectolophid anteriorly connected with basal part of protoco-
nid or without connection; mesolophid strong, long and frequently fused with posterior 
metaconid spur; posterolophid long and continuous to top of entoconid, closing fossettid 
IV; hypoconulid accentuated cusp; posterior sinusid between labial posterolophid and 
hypoconid; sinusid directed forward.
m2 similar to m1 except for: strong labial and lingual anterolophids; position of metac-
onid anterior to protoconid; metalophid I strong, posterior arm of protoconid absent  
or weak; ectolophid longerthan of m1; mesolophid long, frequently reaches lingual  
edge of the tooth and continues to top of metaconid, or can be interrupted in its middle part.
m3 smaller than m2, but similar in dental feature; differences: narrow posterior part; less 
pronounced mesolophid-metaconid and posterolophid-entoconid connections; hypoco-
nulid, posterior sinusid, posterior arm of protoconid or mesolophid absent.
R e m a r k s :  So far, Onjosminthus is a monospecific genus. Among the medium to large-
sized Dipodidae of the Early Oligocene, Onjosminthus and Sinosminthus are of similar size 
and tooth pattern. They share some general dental structures with Heosminthus: the more or 
less square outline of M1–2, three roots of M1 and M3 and the un-grooved upper incisors. 
Parasminthus, known to range from the Late Oligocene to the Early Miocene, is of similar 
size, but has more derived dental characters as outlined below (wang & Qiu 2000).

Table 11. Measurements of Onjosminthus baindi.

length (mm) width (mm)
range mean N = 68 range mean

P4 0.59 – 0.82 0.65 10 0.59 – 0.82 0.65
M1 1.41 – 1.72 1.56 19/18 1.39 – 1.55 1.48
M2 1.29 – 1.55 1.43 8 1.36 – 1.48 1.43
M3 0.92 – 1.01 0.97 5 0.99 – 1.18 1.10
m1 1.48 – 1.76 1.64 10 1.08 – 1.29 1.20
m2 1.55 – 1.76 1.66 11 1.13 – 1.32 1.23
m3 1.27 –1.51 1.39 5 0.99 – 1.18 1.08
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Genus Parasminthus BoHlin, 1946

Ty p e  s p e c i e s :  Parasminthus asiaecentralis BoHlin, 1946

D e n t a l  c h a r a c t e r s  based on the type material of Parasminthus asiaecentralis and 
Parasminthus tangingoli from Tabenbuluk and from other Late Oligocene deposits 
of Gansu in China (BoHlin 1946; wang & Qiu 2000; wang 2003): No longitudinal 
groove of upper incisors; medium to large tooth sizes; M1–2 rectangular in outline; 

Fig. 14. Onjosminthus baindi nov. gen. nov. spec. from the Valley of Lakes, Mongolia. Early Oli-
gocene (biozone A). Lower molars. All specimens from the NHMW collection. 1: left m1 (NHMW 
2013/0180/0003) from Taatsiin Gol (TGR-A/13; biozone A). 2: right m2 (NHMW 2013/0179/0004) 
from Taatsiin Gol (TGL-A/2; biozone A). 3: right m3, paratype (NHMW 2013/0179/0005) from 
Tatal Gol (TAT-D/1; biozone A). 4: left m1, paratype (NHMW 2013/0179/0006) from Tatal Gol 
(TAT-D/1; biozone A). 5: left m2, paratype (NHMW 2013/0179/0007) from Tatal Gol (TAT-D/1; 
biozone A). 6: right m2, paratype (NHMW 2013/0179/0008) from Tatal Gol (TAT-D/1; biozone 
A). 7: left m1, paratype (NHMW 2013/0179/0009) from Tatal Gol (TAT-D/1; biozone A). 8: right 
m2, paratype (NHMW 2013/0179/0010) from Tatal Gol (TAT-D/1; biozone A).
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double protoloph of M2; metaloph of M1joining the posterior arm of hypocone or the 
posteroloph; posterior concavity (= posterior sinus) between hypocone and posteroloph 
of M1–2. M1–2 with four roots, M3 with three roots, lower teeth with two roots. Par-
asminthus tangingoli and Parasminthus asiaecentralis have a similar molar pattern, but 
differ in size: M1–2 / m1–2 < 1.6 mm = Parasminthus tangingoli), M1–2 / m1–2 > 1.6 
mm = Parasminthus asiaecentralis (wang & Qiu 2000).

Considering the material from Ulantatal in Nei Mongol in China (Huang 1992: 279), 
Parasminthus asiaecentralis and Parasminthus tangingoli have variable dental charac-
ters: 3–4 roots of M1–2; M2 with single or double protoloph; metaloph of M1 connected 
with posteroloph, posterior arm of hypocone or middle part of hypocone.

R e f e r r e d  s p e c i e s  /  t y p e  l o c a l i t y :

•	 P. asiaecentralis BoHlin, 1946 from Tabebbuluk, Gansu (China); Late Oligocene.
•	 P. debruijni lopatin, 1999 from Altynschokysu, bone bed I (Kazakstan); Late 

Oligocene (= Early Miocene according to lopatin 1999).
•	 P. tangingoli BoHlin, 1946 from Tabenbuluk Gansu (China); Late Oligocene.

R e m a r k s :  We agree with lopatin (1999) that Parasminthus parvulus BoHlin, 1946 
has to be excluded from the genus Parasminthus BoHlin, 1946 and belongs to Bohlin-
osminthus lopatin, 1999 because of the significant smaller size and morphological dif-
ferences such as: the absence of a connection between metaloph and posteroloph or 
posterior arm of hypocone of M1–2, the absence of protoloph II of M2.

Parasminthus cf. asiaecentralis boHlin, 1946
(Figs 15/1–3)

1999 Parasminthus cf. asiae-centralis. – Höck et al.: 116, 118.
2007 Parasminthus cf. asiae-centralis. – Daxner-Höck & BaDamgarav: 17–18, Tab. 3.
2010 Parasminthus cf. asiae-centralis. – Daxner-Höck et al.: 358, tab. 4

Ty p e  l o c a l i t y :  Tabenbuluk, Gansu (China), Late Oligocene.

O c c u r r e n c e  of Parasminthus cf. asiaecentralis in Mongolia (Valley of Lakes, Uvur-
khangai): Late Oligocene (biozones C to C1).

M a t e r i a l  s t u d i e d :

•	 Unzing Khurem: TAR-A/2 (biozone C): 1 M2r (NHMW 2013/0263/0001)
•	 Del: DEL-B/12 (biozone C1): 1 M2l, 1 m2l (NHMW 2013/0191/0001–0002).

M e a s u r e m e n t s :  M2l = 1.65 × 1.39 mm, m2l = 1.69 × 1.22 mm.

D e s c r i p t i o n  (Figs 15/1–3):

M2 (Figs 15/1–2): rectangular in outline; lingual anteroloph absent or weak, labial 
one strong; protoloph double; protoloph I connected with anterior arm of protocone; 
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protoloph II connected with entoloph; mesoloph long; metaloph connected with anterior 
arm of hypocone; posteroloph thin, long; sinus directed forward; four rounded roots.

m2 (Fig. 15/2): rectangular in outline; lingual and labial anterolophid present; metalo-
phid I connected with anterior arm of protoconid; posterior arm of protoconid strong, 
curved forward and connected with metaconid; mesolophid thin, constricted in its 
 middle part; hypolophid short, connected with anterior arm of hypoconid; posterol-
ophid strong, with hypoconulid; ectolophid oblique; sinusid directed backward; two 
roots.
R e m a r k s :  The two teeth from Del B/12 are within the size range of Parasminthus 
asiaecentralis, which is the largest among all Parasminthus species. The tooth morphol-
ogy resembles Parasminthus asiaecentralis from the type area, except that the M2 from 
Mongolia has no posterior sinus between hypocone and posteroloph.

Fig. 15. Parasminthus cf. asiae-centralis BoHlin, 1946 from the Valley of Lakes, Mongolia. Late 
Oligocene (biozones C to C1). All specimens from the NHMW collection. 1: left M2 (NHMW 
2013/0191/0001) from Del (DEL-B/12; biozone C1). 2: right M2 (NHMW 2013/0263/0001) 
from Unzing Khurem (TAR-A/2; biozone C). 3: left m2 (NHMW 2013/0191/0002) from Del 
(DEL-B/12; biozone C1).

Table 12. Measurements of Parasminthus cf. tangingoli.

length (mm) width (mm)
range mean N = 22 range mean

M1 1.27 – 1.34 2 1.06 – 1.13
M2 1.18 – 1.51 1.36 7 1.04 – 1.41 1.23
M3 0.78 1 0.75
m1 1.34 – 1.53 1.42 7 0.99 – 1.18 1.06
m2 1.34 – 1.55 1.48 7 0.99 – 1.18 1.11
m3 1.46 1 1.13
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Fig. 16. Parasminthus cf. tangingoli BoHlin, 1946 from the Valley of Lakes, Mongo-
lia. Late Oligocene (biozones C to C1). All specimens from the NHMW collection. 1: P4 
(NHMW 2013/0192/0001) from Taatsiin Gol (TGR-C/1; biozone C). 2: right M2 (NHMW 
2013/0196/0001) from Del (DEL-B/12; biozone C1). 3: right M2 (NHMW 2013/0192/0002) 
from Taatsiin Gol (TGR-C/1; biozone C). 4: right M3 (NHMW 2013/0196/0002) from Del (DEL-
B/12; biozone C1). 5: left m1 (NHMW 2013/0194/0001) from Toglorhoi (TGW-A/2b; biozone 
C). 6: right m1 (NHMW 2013/0192/0003) from Taatsiin Gol (TGR-C/1; biozone C). 7: left m2: 
(NHMW 2013/0195/0001) from Unzing Khurem (TAR-A/2; biozone C). 8: right m2 (NHMW 
2013/0192/0004) from Taatsiin Gol (TGR-C/1; biozone C). 9: left m2 (NHMW 2013/0194/0002) 
from Toglorhoi (TGW-A/2b; biozone C). 10: left m2 (NHMW 2013/0192/0005) from Taatsiin 
Gol (TGR-C/1; biozone C). 11: left m2 (NHMW 2013/0196/0003) from Del (DEL-B/12; biozone 
C1). 12: right m2 (NHMW 2013/0195/0002) from Unzing Khurem (TAR-A/2; biozone C). 13: 
right m3 (NHMW 2013/0192/0006) from Taatsiin Gol (TGR-C/5–6; biozone C).
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Parasminthus cf. tangingoli boHlin, 1946
(Figs 16/1–13, Tab. 12)

2007 Parasminthus cf. tangingoli. – Daxner-Höck & BaDamgarav: 17, tab. 3.
2010 Parasminthus cf. tangingoli. – Daxner-Höck et al.: 358, tab. 4.

Ty p e  l o c a l i t y :  Tabenbuluk, Gansu (China), Late Oligocene.

O c c u r r e n c e s  of Parasminthus cf. tangingoli in Mongolia (Valley of Lakes, Uvur-
khangai): Late Oligocene (biozones C to C1).

M a t e r i a l  s t u d i e d :

Late Oligocene (biozone C):

•	 Taatsiin Gol: TGR-C/1, 6: 1 M2r, 3 m1r, 2 m1l, 2 m2l, 1 m2r, 1 m3r (NHMW 
2013/0192/0001).

•	 Toglorhoi: TGW-A/2a: 1 M1r, 1 M2l (NHMW 2013/0193/0001); TGW-A/2b: 1 
m1l, 1 m1r, 1 m2l (NHMW 2013/0194/0001).

•	 Unzing Khurem: TAR-A/2: 1 M2r, 1 m2l, 1 m2r (NHMW 2013/0195/0001).

Late Oligocene (biozone C1):

•	 Del: DEL-B/12: 1 M2l, 1 M2r, 1 m1l, 1 m2l (NHMW 2013/0196/0001).
•	 Tatal Gol: TAT-043: 1 M2l (NHMW 2013/0197/0001).

D e s c r i p t i o n  (Figs 16/1–13): Medium-sized buno-lophodont molars; M1–2 
rectangular.

M1–2: long anterior arm of protocone, small anterior cingulum; long mesoloph; M1 with 
protoloph II; M2 with single or double protoloph; M1 with metaloph joining the poste-
rior arm of hypocone or posteroloph; M2 with joinng the hypocone or its anterior arm.

M3: smallest upper molar, with rounded outline; four transverse lophs (labial anteroloph, 
protoloph, metaloph and posteroloph) and closed sinus.

m1: anteroconid isolated or connected with protoconid and metaconid by weak, low 
crests; metalophid U-shaped; hypolophid short, connected with entolophid halfway 
between mesoconid and hypoconid; posterolophid strong, long, with hypoconulid; ectol-
ophid oblique, attached to the posterior wall of protoconid; ectomesolophid and ecto-
stylid (one m1; Fig. 16/5).

m2: rectangular in outline; labial and lingual anterolophid; short metalophid I and hypol-
ophid; mesolophid mostly long, can be weak or absent; posterior arm of protoconid 
strong, connected with metaconid or reaching the lingual edge of the tooth (one m2); 
ectolophid short, contacts the posterior part of protoconid.

m3: large; with five lophids (anterolophid, metalophid, posterior arm of protoconid, 
hypolophid and posterolophid); posterior arm of protoconid turned forward.

M1–2 with four roots, M3 with three roots, m1–3 with two roots.
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R e m a r k s :  The Mongolian fossils are within the size range of Parasminthus tang-
ingoli, but differ from the type material by the variable outline of M2 and m2 and the 
direction of the metaloph of M1–2.

Parasminthus debruijni lopatin, 1999
(Figs 17/1–7, Tab. 13)

2007 Parasminthus cf. debruijni. – Daxner-Höck & BaDamgarav: 17, tab. 3.
2010 Parasminthus cf. debruijni. – Daxner-Höck et al.: 358, tab. 4.

Ty p e  l o c a l i t y :  Altynshokysu, bonebed II (Kazakhstan), Late Oligocene (= Early 
Miocene according to Lopatin 1999).
O c c u r r e n c e s  of Parasminthus debruijni in Mongolia (Valley of Lakes, Uvurkhangai): 
Late Oligocene (biozones C to C1).
M a t e r i a l  s t u d i e d :
Late Oligocene (biozone C):

•	 Taatsiin Gol (TGR-C/1): 1 M1r, 1 M 2r, 2 m3l (NHMW 2013/0199/0001–0004).
Late Oligocene (biozone C1):

•	 Del (DEL-B/12): 1 M1r, 1 M2r, 1 M3r, 1 m2l (NHMW 2013/0200/0001).
•	 Huch Teeg (RHN-A/9): 1M1l (NHMW 2013/0201/0001).
•	 Tatal Gol: TAT-E/27: Max. P4–M3l (NHMW 2013/0198/0001; = Parasminthus 

cf. debruijni: Fig. 17/4).
D e s c r i p t i o n  (Fig. 17/1–7): Small to medium-sized buno-lophodont molars.
M1–2: rectangular outline; M1 with long anterior arm of protocone and single protoloph, 
M2 with double protoloph; M1–2 with long mesoloph; metaloph of M1 joins the hypo-
cone or posteroloph; metaloph of M2 joins the hypocone.
M3: smallest upper molar, with rounded outline, four transverse lophs (labial anteroloph, 
protoloph, metaloph and posteroloph).

m1: oblique ectolophid; long mesolophid; long posterolophid; ectostylid.

Table 13. Measurements of Parasminthus debruijni.

length (mm) width (mm)
range mean N = 10 range mean

P4 0.82 1
M1 1.18 – 1.27 1.25 3 0.96 – 1.04
M2 1.13 – 1.18 2 1.04 – 1.11
M3 0.94 1 0.96
m2 1.22 1 0.94
m3 1.20 –1.25 2 1.01 – 1.13
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m2: rectangular with mesolophid
m3: five transverse lophids, mesolophid absent or weak.
M1–2 have four roots, M3 three roots and m1–3 have two roots.
R e m a r k s :  The Mongolian teeth resemble Parasminthus debruijni from Kazakhstan 
in molar morphology and size. They are smaller than Parasminthus tangingoli and 
Parasminthus asiaecentralis. Parasminthus debruijni differs from Plesiosminthus and 
Heosminthus by having rectangular M1–2 with four roots, and by the metaloph of M1 
frequently joining the posteroloph.

Fig. 17. Parasminthus debruijni lopatin, 1999 from the Valley of Lakes, Mongolia. Late Oli-
gocene (biozones C to C1). All specimens from the NHMW collection. 1: right M1 (NHMW 
2013/0200/0001) from Del (DEL-B/12; biozone C1). 2: right M2 (NHMW 2013/0200/0002) 
from Del (DEL-B/12; biozone C1). 3: right M1 (NHMW 2013/0199/0001) from Taatsiin Gol 
(TGR-C/1; biozone C). 4: left P4–M2 (NHMW 2013/0198/0001) from Tatal Gol (TAT-E/27; 
biozone C1). 5: left M1 (NHMW 2013/0201/0001) from Huch Teeg (RHN-A/9; biozone C1). 
6: left m2 (NHMW 2013/0200/0003) from Del (DEL-B/12, biozone C1). 7: left m3 (NHMW 
2013/0199/0002) from Taatsiin Gol (TGR-C/1; biozone C).
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Genus Bohlinosminthus Lopatin, 1999

Ty p e  s p e c i e s :  Bohlinosminthus cubitalus lopatin, 1999

O r i g i n a l  d i a g n o s i s  of Bohlinosminthus: “Small primitive Sicistinae with bunodont 
molars. Upper incisors lack longitudinal groove on anterior surface. M1 and M2 three-or 
four rooted. M1 with protoloph II, metaloph I, and complete posteroloph. M2 with one 
protoloph (I) and complete entoloph. Entosinus of M1 and M2 small and straight. Ento-
sinus of M3 closed. On m1, ectolophid and metalophid connected with protoconid at the 
same point. On m2, mesolophid usually developed to greater extent than posterior arm 
of protoconid.” (lopatin 1999: 433). Bohlinosminthus differs from Parasminthus by: 
“Substantially smaller size, the absence of metaloph II on M1 and protoloph II on M2…” 
(lopatin 1999: 433).

R e f e r r e d  s p e c i e s  a n d  t h e i r  t y p e  l o c a l i t i e s :

•	 B. cubitalus lopatin, 1999 from Altynshokysu, bone bed II (Kazakhstan); Late 
Oligocene (= Early Miocene according to Lopatin 1999)

•	 B. parvulus (BoHlin, 1946) from Tabenbuluk, Western Gansu (China); Late 
Oligocene.

•	 B. quartus (sHevyreva, 1970) from Kazakhstan (described as Parasminthus 
quartus by sHevyreva 1970, and transferred to Bohlinosminthus by lopatin 
1999).

Fig. 18. Bohlinosminthus parvulus (BoHlin, 1946) from the Valley of Lakes, Mongolia. Early 
to Late Oligocene (biozones A to C1). All specimens from the NHMW collection. 1: left P4–
M2 (NHMW 2013/0211/0001) from Toglorhoi (TGW-A/2b; biozone C). 2: right M1–3 (NHMW 
2013/0211/0002) from Toglorhoi (TGW-A/2b; biozone C). 3: left M1 (NHMW 2013/0206/0001) 
from Taatsiin Gol (TGR-C/1; biozone C). 4: right M2 (NHMW 2013/0203/0001) from Tatal Gol 
(TAT-C/1, biozone C). 5: left M2 (NHMW 2013/0205/0001) from Hsanda Gol (SHG-AB/17–20; 
biozone B). 6: left M3 (2009/0147/0007) from Taatsiin Gol (TGR-C/2; biozone C). 7: left M3 
(NHMW 2013/0205/0002) from Hsanda Gol (SHG-AB/17–20; biozone B). 8: left M1 (NHMW 
2013/0210/0001) from Toglorhoi (TGW-A/2a; biozone C). 9: right M1 (NHMW 2013/0219/0001) 
from Del (DEL-B/12; biozone C1). 10: left M2 (NHMW 2013/0210/0002) from Toglorhoi (TGW-
A/2a; biozone C). 11: left M2 (NHMW 2013/0210/0003) from Toglorhoi (TGW-A/2a; biozone 
C). 12: left M3 (NHMW 2013/0210/0004) from Toglorhoi (TGW-A/2a; biozone C). 13: left M2, 
lingual view (NHMW 2013/0205/0003) from Hsanda Gol (SHG-AB/17-20; biozone B). 14: left 
M1, lingual view (NHMW 2013/0205/0004) from Hsanda Gol (SHG-AB/17-20; biozone B). 
15: right M2, lingual view (NHMW 2013/0203/0002) from Tatal Gol (TAT-C/1, biozone C). 16: 
left M1, lingual view (NHMW 2013/0203/0003) from Tatal Gol (TAT-C/1, biozone C). 17: left 
m1–3 (NHMW 2013/0211/0003) from Toglorhoi (TGW-A/2b; biozone C). 18: right m1 (NHMW 
2013/0206/0002) from Taatsiin Gol (TGR-C/1; biozone C). 19: left m1 (NHMW 2013/0210/0005) 
from Toglorhoi (TGW-A/2a; biozone C). 20: left m2 (NHMW 2013/0205/0005) from Hsanda 
Gol (SHG-AB/17-20; biozone B). 21: left m2 (NHMW 2013/0210/0006) from Toglorhoi (TGW-
A/2a; biozone C). 22: left m2 (NHMW 2013/0206/0003) from Taatsiin Gol (TGR-C/1; biozone 
C). 23: right m3 (NHMW 2013/0211/0004) from Toglorhoi (TGW-A/2b; biozone C).


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Bohlinosminthus parvulus (BoHlin, 1946)
(Figs 18/1–23, Tab.14)

1946 Parasminthus parvulus – BoHlin: 30–41, figs 2–4.
1992 Parasminthus parvulus – Huang: pp. 260–265, 279–281, pl. 4, figs 1–13.
1997 Parasminthus parvulus – Daxner-Höck et al.: 172.
1999 Parasminthus parvulus – Höck et al.: 116, fig. 20/11.
2000 Parasminthus parvulus – wang & Qiu: 17–19, pl. 2, 1–4.
2003 Parasminthus parvulus – wang: 91–92, 100, fig. 2.
2003  Bohlinosminthus parvulus – Daxner-Höck & wu: 140.
2006 Bohlinosminthus parvulus – meng et al.: 213, fig. 3.
2010  Bohlinosminthus parvulus – Daxner-Höck et al.: 358, tab. 4, fig. 5/11–16.
2010  Bohlinosminthus sp. – Daxner-Höck et al.: 358, tab. 4.

Ty p e  l o c a l i t y :  Tabenbuluk, Gansu (China); Late Oligocene.
O c c u r r e n c e s  of Bohlinosminthus parvulus in Mongolia (Valley of Lakes, Uvur-
khangai): Early Oligocene to Early Miocene.
M a t e r i a l  s t u d i e d :
Early Oligocene (biozone A):

•	 Khongil (HL-A/1): 1 M1l, 1 m1r (NHMW 2013/0202/0001–0002).
•	 Tatal Gol (TAT-C/1): 2 M1l, 1 M1r, 1 M2l, 2 M2r, 1 m1l (NHMW 

2013/0203/0001–0008).
Early Oligocene (biozone B):

•	 Tatal Gol: TAT-038: 1 m1r, 1 m1l, 2 m2r (coll. MPC); TAT-039: 1M2r, 2 m1r, 2 
m2r, 1 m3r (coll. MPC).

•	 Ikh Argalatyn Nuruu: IKH-A/3–4: 1M1l, 1M2l, 1m1l, 1 m1r (NHMW 
2013/0204/0001–0004).

•	 Hsanda Gol: SHG-AB/17–20: 4 M1l, 4 M1r, 4 M2l, 2 M2r, 2 M3l, 1 m1l, 1 m1r, 
1 m2l, 2 m2r, 5 m3l (NHMW 2013/0205/0001–0026).

Late Oligocene (biozone C):
•	 Taatsiin Gol: TGR-C/1: 8 M1l, 5 M1r, 1 M2l, 3 M2r, 3 mand. m1–3l, 2 m1l, 2 

m1r, 5 m2l, 4 m2r, 1 mand. m2–3r, 1 m3l (NHMW 2013/0206/0000); TGR-C/2: 
2 M1l, 8 M1r, 4 M2l, 3 M2r, 1 M3r, 1 M3l, 7 m1l, 6m1r, 6 m2l, 6 m2r, 3 m3l, 1 
m3r (2009/0147/0001–0006, and 0000); TGR-C/7: 1 M1l, 2 M1r, 1 M3l, 1 m1r, 
2 m2r, 1 m2l (NHMW 2013/0207/0001–0008).

•	 Abzag Ovoo: ABO-A/3: 1 m1r, 1 m2r, 1 m2l, 1 m3r (NHMW 
2012/0214/0001–0004).

•	 Unzing Khurem: TAR-A/2: 6 M1l, 2 M2l, 3 M3l, 1 max. M1–2r, 3 M1r, 3 M2r, 
1 M3r, 7 m1l, 1 mand. m1–2l, 4 m2l, 2 m3l, 2 m1r, 1 mand. m1–2r, 3 m2r, 3 m3r 
(NHMW 2013/0208/0000).

•	 Toglorhoi: TGW-A/1: 1m1r, 1 m2r (NHMW 2013/0209/0001–0002); TGW-
A/2a: 1 max.P4–M1r, 7 M1r, 10 M2r, 3 M3r, 1 max.P4– M1l, 9, M1l, 10Ml, 3 
M3l, 12 m1r, 1 mand. m2–3l, 2 mand. m1–2l, 1 mand. m1–3l, 10 m1l, 12 m2l, 
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6 m3l (NHMW 2013/0210/0000); TGW-A/2b: 3 P4, 3 max. P4–M1l, 6 M1l, 
9 M2l, 6 M3l, 1 max.P4–M2, 12 M1r, 8 M2r, 3 M3r, 1 mand. m1–3l, 10 m1l, 
10 m2l, 7 m3l, 1 mand. m1–3r, 6 m1r, 12 m2r, 1 mand. m2–3r, 7 m3r (NHMW 
2013/0211/0000).

Late Oligocene (biozone C1):
•	 Tatal Gol: TAT-051/2: 1 M1r, 1 M1l, 1 max. P4–M1r, 1 M2l, 1mand. m1–2r, 1  

mand. m1–2l, 1 mand. m1–3r, 1 mand. m2–3r, 1m1l, 4 m2r (NHMW 2013/ 
0212/0000); TAT-043: 1 max. P4–M1l, 4 M1l, 1 max. M1–3r, 1 max. P4–M1r, 
2 M1r, 1 M2r, 1 max. M1–2r, 1 mand. m1–3l, 2 mand. m1–2l, 1 mand. m2–3l, 
3 m1l, 1 m2l, 4 mand. m1–3r, 2 m1r, 3 m2r, 1 m3r (NHMW 2013/0213/0000); 
TAT-E/22: 4 M1l, 4 M2l, 5 M1r, 3 M2r, 1 mand. m1–3l, 1 mand. m2–3l, 2 m1l, 
4 m2l, 2 m3l, 1 mand. m1–2r, 1 mand. m1–3r, 7 m1r, 2 m3r, 4 m2r (NHMW 
2013/0215/0000); TAT-E/27: 1 max. M1–3l, 2 M1l, 1 P4, 1 M2r, 1 m3r, 1 mand. 
m1–2l, 1 m1l, 1 mand. m1–3r, 4 m2r, 2 m3r (NHMW 2013/0216/0000).

•	 Ikh Argalatyn Nuruu: IKH-B/5: 1 M1l, 2 M1r, 1 M2r, 1 M1l, 1 mand. m1–3r, 1 
m1l, 1 m2l, 1 m2r (NHMW 2013/0217/0000). 

•	 Toglorhoi: TGW-A/5: 1 max. P4–M1r, 2 M1r, 1 M2r, 3 M1l, 2 mand. m1–3l, 1 
mand. m2–3r, 2 m1l, 1 m1r, 3 m2l, 1 m3r (NHMW 2013/0218/0000).

•	 Del: DEL-B/12: 1 max. M1–2l, 9 M1l, 9 M2l, 1 P4, 1 max. P4–M1r, 1 max. 
M1–2r, 8 M1r, 8 M2r, 3 M3r, 11 m1l, 7 m2l, 1mand. m2–3l, 4 m3l, 10 m1r, 1 
mand. m1–3r, 8 m2r, 2 mand. m2–3r, 4 m3r (NHMW 2013/0219/0000).

•	 Loh: LOH-C1: 1 max. M1–3l, 7 M1l, 1max. M1–2l,1 M2l, 5 m1r, 2 M2r, 1 P, 
1 mand. m1–2l, 1 mand. m1–3l, 5 m1l, 3 m2l, 4 m1r, 1 mand. m1–3r, 4 m2r 
(NHMW 2013/0220/0000).

•	 Huch Teeg: RHN-A/7: 3 M1r, 1 M1l, 2 M3l, 4 m1l, 1 m1r, 2 m2l, 1 m2r, 1 m3l 
(NHMW 2013/0221/0000); RHN-023: 1 m1 (NHMW 2013/0222/0001).

•	 Hotuliin Teeg: HTSE-009+013: 2 M1r, 2 m1l, 1 mand. m2–3l, 1mand. m2–3r 
(NHMW 2013/0223/0001–0006);

•	 HTE-057: 1 mand. m1–3l, 1 m2r (NHMW 2013/0224/0001–0002).

Table 14. Measurements of Bohlinosminthus parvulus.

length (mm) width (mm)
range mean N = 820 range mean

P4 0.35 – 0 66 0.49 18 0.42 – 0.66 0.52
M1 0.82 – 1.13 0.96 175 0.71 – 1.06 0.88
M2 0.75 – 1.06 0.89 109/108 0.75 – 1.01 0.84
M3 0.45 – 0.80 0.60 34 0.59 – 0.78 0.65
m1 0.82 – 1.18 1.00 181/185 0.64 – 0.89 0.74
m2 0.82 – 1.13 0.97 197/199 0.66 – 0.94 0.78
m3 0.71 – 0.94 0.79 100 0.54 – 0.82 0.68
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Oligocene-Miocene transition (C1–D):

•	 Hotuliin Teeg: HTS-056/1+2: 1 M1r, 1 mand. m2–3l, 1 m1r, 1 m3l (NHMW 
2013/0225/0001–0004).

•	 Tatal Gol: TAT-E/32: 1 mand. m1–3l, 3 m1l, 1 m2l, 3m2r (NHMW 
2013/0226/0001–0008).

Early Miocene (biozone D):

•	 Hotuliin Teeg: HTE-003: 1 P4r, 1 m2r, 1 m2l (NHMW 2013/0227/0001–0003); 
HTE-014–018: 2 m1l, 1 m1r, 1 mand. m2–3r (NHMW 2013/0228/0001–0004).

D e s c r i p t i o n  (Figs 18/1–23): Very small-sized buno-lophodont molars; P4 with one 
cusp, surrounded by a cingulum; M1–2 almost square, with single protoloph and metal-
oph, and long mesoloph (most specimens); metaloph of M1 joins the hypocone; metal-
oph of M2 joins the entoloph anterior to the hypocone; M3 smallest upper molar, with 
varying structures; m1–2 rectangular; m1 with anteroconid, long mesolophid and longi-
tudinal or slightly oblique ectolophid; m2 with long mesolophid or a long posterior arm 
of protoconid (pseudomesolophid); P4 with one root; M1–2 with rarely three, mostly 
four roots; M3 with three roots; m1–3 with two roots.

R e m a r k s :  The dental characters of the Mongolian specimens agree with the diagnosis 
of Bohlinosminthus lopatin, 1999. Parasminthus BoHlin, 1946 (Parasminthus tangin-
goli, Parasminthus asiaecentralis and Parasminthus debruijni) differs by significantly 
larger tooth sizes, the double protoloph of M2, and the metaloph of M1 joining the pos-
terior arm of hypocone or the posteroloph. Hence, we follow lopatin (1999) to transfer 
Parasminthus parvulus to the genus Bohlinosminthus.

Bohlinosminthus parvulus has been recovered from thirtyone fossil layers out of twelve 
sections of the Tataatsiin Gol and Taatsiin Tsagaan Nuur area (Mongolia). There, the spe-
cies ranges from the Early Oligocene to the Early Miocene. The main time of distribu-
tions is the Late Oligocene (biozones C and C1). Only rare occurrences are present from 
the Early Oligocene (biozones A and B) and the Early Miocene (biozone D). These more 
than eighthundred jaws and isolated teeth from Mongolian sites are in agreement with 
the size ranges and tooth structures of Bohlinosminthus parvulus from the type locality 
Gansu in China (BoHlin 1946; wang & Qiu 2000; wang 2003) and parts of Bohlin-
osminthus parvulus from Ulantatal in China (Huang 1992). Parts of Bohlinosminthus 
parvulus from Ulantatal most probably belong to Parasminthus tangingoli because of 
the typical Parasminthus-pattern and larger size (wang & Qiu 2000: 19). The majority 
of M1 and M2 from Mongolia have four roots (Figs 18/15–16), i.e., the specimens from 
the Late Oligocene and Early Miocene, and the majority of m2 (Figs 18/20, 22) displays 
either a long mesolophid or a long posterior arm of protoconid. These two types of 
m2 frequently co-occur in one assemblage. However, sporadically atypical specimens 
have been found from the Early Oligocene fossil sites in Mongolia: M1 with three roots 
(Figs 18/13–14: lingual root wide, tips can be split), and some scattered m2 with meso-
lophid + posterior arm of protoconid (Fig. 18/21). Although the rich Mongolian fossil 
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material displays these variable dental characters, only one species, Bohlinosminthus 
parvulus, could be verified with confidence.

So far three species, Bohlinosminthus parvulus, Bohlinosminthus cubitalus and 
 Bohlinosminthus quartus, have been described, which are similar in size and den-
tal pattern. Nevertheless, wang (2003) and lopatin (1999) emphasize the following 
differences:

Bohlinosminthus parvulus (BoHlin, 1946) from the type locality Tabenbuluk and Dan-
ghe area (Gansu, China): m2 has only a posterior arm of protoconid, no mesolophid 
(wang 2003: 41).

Bohlinosminthus cubitalus lopatin, 1999 from Altynchokysu (Kazakstan): m2 has 
a mesolophid connected with mesostylid in most specimens; closed entosinus of M3 
(lopatin 1999: 435–436).

Bohlinosminthus quartus (sHevyreva, 1970) from Kazakhstan has slightly larger teeth 
than Bohlinosminthus parvulus and Bohlinosminthus cubitalus, and its m2 has a poste-
rior arm of protoconid (lopatin 1999: 435).

However, it remains questionable whether Bohlinosminthus cubitalus lopatin, 1999 and 
Bohlinosminthus quartus (sHevyreva, 1970) are independent species.

Genus Litodonomys wang & Qiu, 2000

Ty p e  s p e c i e s :  Litodonomys huangheensis wang & Qiu, 2000

Ty p e  l o c a l i t y :  GL9601B in Shangxigou, Lanzhou Basin, China; Late Oligocene.

Type material: Eight isolated lower teeth (1 m1, 3 m2, 4 m3) from the type locality

O r i g i n a l  d i a g n o s i s  of Litodonomys: “Medium-sized dipodoid; cheek teeth pro-
portionally wide and short, with simple occlusal pattern and compressed main cusps; 
on lower molars posterior arm of protoconid absent, mesolophid short and oblique ante-
ro-buccally or absent, ectolophid obliquely extending from protoconid to anterior arm 
of hypoconid; m1 with distinct metastylid; m2 with only four transverse lingual lophids; 
m3 reduced with fused hypolophid and posterolophid.”(wang & Qiu 2000: 25).

The Mongolian collection comprises partial skulls and complete tooth-rows of the upper 
and lower dentition of Litodonomys huangheensis. Therefore an emended diagnosis is 
given here.

E m e n d e d  d i a g n o s i s :  Rostrum of skull short and wide; diastema between I and 
P4 longer than the maxillar tooth-row; incisiv foramina long and narrow with the pos-
terior edge anterior to P4; maxillar tooth-row posterior to the zygomatic plate; no mas-
seteric tubercle, but a curved crest for insertion of the masseter on the zygma; premax-
illary-maxillary sutur immediately anterior to this crest. Lower jaw: robust, mandibular 
ramus high; diastema concave; masseteric fossa extends to below m1.
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M o l a r s :  Low-crowned molars with plane occlusal surface; lophodont robust molars, 
having thick enamel; elevation of crests as high as weak cusps; paracone and protocone 
of M1–3 transversely aligned; M1–2 almost square, m1–2 rectangular, M3/m3 short and 
triangular; protoloph I of M1–M2 single; hypocone of M1–2 in postero-lingual position; 
protocone postero-lingually elongate; entoloph/ectolophid and sinus/sinusid oblique; upper 
incisors without longitudinal groove; M1–2 four roots; M3 three roots; m1–3 two roots.
R e f e r r e d  s p e c i e s  /  t y p e  l o c a l i t i e s :

•	 L. huangheensis wang & Qiu, 2000 from GL9601B in Shangxigou (China); 
Late Oligocene.

•	 L. lajeensis (li & Qiu, 1980) from Xiejia, Xining Basin (China); Early Miocene.
•	 L. minimus kimura, 2010 from Gashunyinadege, Nei Mongol (China); Early 

Miocene
•	 L. xishuiensis wang, 2003 from Xishuigou, Gansu (China); Early Miocene.

Litodonomys huangheensis Wang & Qiu, 2000
(Figs 19/1–3, 20/1–5, Tab. 15)

1999 Zapodidae n.g. n.sp. (p. p.) – Höck et al.: p. 118.
2000 Lithodonomys huangheensis sp. nov. – wang & Qiu: 11, 25–27, pl. 3, figs 9–12.
2007 Litodonomys sp.1 – Daxner-Höck & BaDamgarav: 17, tab. 2.
2010 Litodonomys sp.1 – Daxner-Höck et al.: 358, tab. 4.

Ty p e  l o c a l i t y :  Shangxigou (Gansu, China); Late Oligocene.
D i a g n o s i s :  Same as the genus (wang & Qiu 2000: 26) and emended diagnose 
(above). Mesoloph and mesolophid absent or very short.
O c c u r r e n c e s  of Litodonomys huangheensis in Mongolia (Valley of Lakes, Uvur-
khangai): Late Oligocene to Early Miocene.
M a t e r i a l  s t u d i e d :
Late Oligocene (biozone C):

•	 Taatsiin Gol: TGR-C/1: 1 M1r (NHMW 2013/0229/0001; Litodonomys cf. 
huangheensis).

Table 15. Measurements of Litodonomys huangheensis.

Length (mm) Width (mm)
range mean N = 45 range mean

P4 0.31 – 0.45 0.40 5 0.45 – 0.59 0.54
M1 1.29 – 1.44 1.30 8/9 1.22 – 1.34 1.30
M2 1.06 – 1.29 1.22 8 1.13 – 1.36 1.29
M3 0.73 – 0.80 0.76 4 0.89 – 1.04 0.97
m1 1.22 – 1.46 1.36 10 0.87 – 1.13 0.99
m2 1.25 – 1.39 1.35 5/4 1.06 – 1.18 1.11
m3 0.92 – 1.01 0.94 4 0.87 – 1.01 0.92
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Fig. 19. Litodonomys huangheensis wang & Qiu, from Unkheltseg (UNCH-A/3), the Valley 
of Lakes, Mongolia. Early Miocene (biozone D). All specimens from the NHMW collection. 
1: partial skull with left and right tooth-rows (NHMW 2013/0232/0001). 2: partial skull with 
left tooth-row (NHMW 2013/0232/0002). 3: partial skull with left and right P4–M1 (NHMW 
2013/0232/0003).
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Late Oligocene (biozone C1):

•	 Loh: LOH-C/1: mand. m1–2l (NHMW 2013/0230/0001).

Oligocene- Miocene transition (biozone C1–D)

•	 Tatal Gol: TAT-E/32: m1r (NHMW 2013/0231/0001).

Early Miocene (biozone D):

•	 Unkheltseg: UNCH-A/3: partial skull with I, P4–M3 l+r (NHMW 
2013/0232/0001), partial skull with I, P4–M3 l (NHMW 2013/0232/0002), 
partial skull with P4–M1 l+r (NHMW 2013/0232/0003), 2M1r (NHMW 
2013/0239/0012–0013), 2 M2l (NHMW 2013/0232/0014–0015), 2 mand. m1–3r 
(NHMW 2013/0232/0004–0005), 1 mand. m1–3l (NHMW 2013/0232/0006), 4 
m1r (NHMW 2013/0232/0007–0010), 1 m3r (NHMW 2013/0232/0014).

•	 Hotuliin Teeg: HTE-005: M1r, M1l fr., (NHMW 2013/0234/0001–0002), M2l, 
M3l, m2l, (NHMW 2013/0235/0001–0003; Litodonomys cf. huangheensis); 
HTE-008: m1r (NHMW 2013/0236/0001); HTE-003: 1 M2r (coll. MPC; Lito-
donomys cf. huangheensis).

D e s c r i p t i o n :  There are three fragmentary, strongly deformed skulls which preserve 
parts of the maxilla and the premaxilla bones and the tooth rows.
Skull 1 (NHMW 2013/0232/0001: Fig.19/1): displays left and right tooth rows with I, 
P4, M1–3.
Skull 2 (NHMW 2013/0232/0002: Fig. 19/2): the rostrum with the fragmentary left and 
right incisors and the left M1–3.
Skull 3 (NHMW 2013/0232/0003: Fig. 19/3): parts of praemaxilla and maxilla with 
fragmentary incisors and left and right P4–M1. Rostrum of skulls 1–3 short and wide; 
diastema (5–6 mm between I and P4) longer than P4–M3; incisiv foramina 2–3 mm 
long and narrow, extending from 2 mm posterior to the incisors to 1 mm anterior to P4; 
tooth-rows not extending as far as the zygomatic plate; no masseteric tubercule at the 
anteromedial margin of the zygma, but a curved crest for insertion of the masseter later-
alis superficialis (skull 3: Fig. 19/3); premaxillary-maxillary sutur immediately anterior 
to this crest.
Mandible (Fig. 20/5): robust with a concave diastema almost as long as the mandibular 
toothrow; mandibular ramus high; masseteric fossa extending to below m1; mental fora-
men below the anterior root of m1, approximately halfway between the dorsal and the 
ventral edge of the ramus.
Upper I: plane to slightly convex, but smooth anterior surface.
P4 (Figs 19/1, 3): relatively small; one main cusp and a single root; cusp tilting back-
wards; can be associated by a weak postero-labial cusp or circled by a posterior cingulum.
M1 (Figs 19/1–3, Fig. 20/1 ): almost square, slightly longer than wide; labial cusps trans-
versely elongate; protocone postero-lingually elongate; hypocone in postero-lingual 
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position; oblique entoloph extending from hypocone to protoloph; protocone continuous 
with pronounced anterocone; weak parastyle in some specimens; protoloph attaching 
the entoloph posterior to protocone; protocone-entoloph connection may be constricted; 
metaloph connected with entoloph anterior to hypocone; mesoloph absent or very short; 

Fig. 20. Litodonomys huangheensis wang & Qiu, 2000 from Unkheltseg (UNCH-A/3), Valley 
of Lakes, Mongolia. Early Miocene (biozone D). All specimens from the NHMW collection. 1: 
right M1 (NHMW 2013/0232/0007). 2: left M2 (NHMW 2013/0232/0008). 3: right lower jaw 
with m1–3, occlusal view (NHMW 2013/0232/0005). 4: left lower jaw with m1–3, occlusal view 
(NHMW 2013/0232/0006). 5: right lower jaw, labial view (NHMW 2013/0232/0004).

©Naturhistorisches Museum Wien, download unter www.zobodat.at



186 Annalen des Naturhistorischen Museums in Wien, Serie A, 116

weak mesocone in some specimens; sinus oblique and strongly directed forward; central 
fossette (II+III) wide; posterior fossette (IV) narrow; long transverse posteroloph, its 
connection with hypocone may be constricted.

M2 (Figs 19/1–2, 20/2): anteriorly wider than posteriorly; labial anteroloph longer 
than the lingual; protoloph slightly directed forward; transverse metaloph connected 
with entoloph anterior to hypocone; mesoloph absent, short or of medium length; sinus 
oblique, directed forward; entoloph oblique.

M3 (Figs 19/1–2): short tooth; protoloph and metaloph surrounding the wide fossette 
II+III; posteroloph weak or fused with metaloph; entoloph absent or weak.

m1 (Figs 20/3–4): trigonid wide; robust metaconid and protoconid dominating; antero-
conid extremely small or absent; sometimes small mesostylid; entoconid anterior to 
hypoconid; hypolophid connected with anterior arm of the hypoconid or with ectolophid 
anterior to hypoconid; ectolophid oblique, can be continuous, constricted or interrupted 
anterior to mesoconid; robust lingual posterolophid can be isolated from the hypoconid; 
labial posterolophid short or absent; sinusid wide, obliquely directed in posterior direc-
tion; central fossettid (II+III) wide.

m2 (Figs 20/3–4): mesolophid absent or extremely short; mesoconid weak or absent; 
entoconid anterior to hypoconid; hypolophid transverse, connected with anterior arm 
of hypoconid or the ectolophid; ectolophid oblique and complete; metalophid absent or 
attached to the anterior arm of protoconid; anterolophid labial and lingual; posterolophid 
continuous with hypoconid; sinusid and the fossettid II+III wide.

m3 (Figs 20/3–4): smallest of all mandibular molars; labial and lingual anterolophid; 
metaconid and protoconid in opposing position; metalophid transverse and attaching 
protoconid; ectolophid short; entoconid and hypolphid absent; weak hypoconid contin-
uous with posterolophid.

R e m a r k s :  The dental pattern and tooth sizes of the Mongolian fossils agree well with 
Litodonomys huangheensis. Litodonomys xishuiensis has similar molar morphology, but 
significantly larger size. Litodonomys lajeensis and Litodonomys minimus differ by pro-
nounced slender lophs/lophids, the distinct mesoloph(id) of M1–2 and m1, and by the 
presence of an anteroconid of m1.

So far, Litodonomys huangheensis was known from the Late Oligocene of China only:

1. GL9601B in Shangxigou (type locality) and GL 9513C in Xiagou, Lanzhou Basin, 
Gansu, China (wang & Qiu 2000), Late Oligocene.

2. DH 199904D, Yantandu (Yindirte), Danghe area, Gansu, China (wang 2003: 96, 102, 
fig. 4; Litodonomys cf. huangheensis), Late Oligocene.

In Mongolia, the species is documented from several fossil layers of five localities. 
There, the main distribution is Early Miocene (biozone D), with rare first occurrences 
from the Late Oligocene (biozones C and C1).

©Naturhistorisches Museum Wien, download unter www.zobodat.at



Daxner-Höck et al.: Dipodidae from the Oligo-Miocene of Mongolia 187

Fig. 21. Litodonomys lajeensis li & Qiu, 1980 from Hotuliin Teeg (HTE-005–012), Huch Teeg 
(RHN-A/12) and Unkheltseg (UNCH-A/3) in the Valley of Lakes, Mongolia. Early Miocene 
(biozone D). All specimens from the NHMW collection. 1: left M1 (NHMW 2013/0248/0001) 
from HTE-012. 2: right M1 (NHMW 2013/0242/0013) from UNCH-A/3. 3: right M1 (NHMW 
2013/0242/0012) from UNCH-A/3. 4: left M3 (NHMW 2013/0242/0017) from UNCH-A/3. 5: 
left M1–2 (NHMW 2013/0247/0001) from HTE-005. 6: right M2 (NHMW 2013/0249/0003) from 
RHN-A/12. 7: right M2 (NHMW 2013/0242/0015) from UNCH-A/3. 8: right m1–3 (NHMW 
2013/0246/0001) from HTE-007. 9: right m2 (NHMW 2013/0247/0002) from HTE-005. 10: 
left m3 (NHMW 2013/0242/0011) from UNCH-A/3. 11: right m1 (NHMW 2013/0242/0004) 
from UNCH-A/3. 12: left m1 (NHMW 2013/0242/0006) from UNCH-A/3. 13: left m2 (NHMW 
2013/0242/0008) from UNCH-A/3. 14: right m2 (NHMW 2013/0242/0007) from UNCH-A/3.
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Litodonomys lajeensis (li & Qiu, 1980)
(Figs 21/1–14, Tab. 16)

1980 Plesiosminthus lajeensis – li & Qiu: 204–205, 212; fig. 6.
1999 Zapodidae n.g.n.sp. (p.p.) – Höck et al.: 118.
2007 Litodonomys sp. 2 – Daxner-Höck & BaDamgarav: 17, tab. 2.

Ty p e  l o c a l i t y :  Xiejia, Xining Basin (China); Early Miocene.

D i a g n o s i s :  “Typical lophodont, with five transverse crests; mesocone and meso-
style distinct; mesoloph developed; inner valley more narrow point far forward; anterior 
cingulum weaker, anterosinus very small; posterosinus long, enclosed by the posterior 
cingulum and posteroloph” (li & Qiu, 1980: 204, 212; fig.6).

R e m a r k s :  Plesiosminthus lajeensis li & Qiu, 1980 will be transferred to Litodonomys 
because the dental characters and the shape of the type specimen are in agreement with 
the genus Lithodonomys rather than with Plesiosminthus. The type material from Xiejia 
(China) is limited to one M2. Nevertheless, it is a valid species. Five assemblages from 
Mongolia yielded mandibles and numerous isolated upper and lower molars (the material 
includes fourteen M2), which resemble the holotype in morphology and size. Because of 
the poor record of the type material, an emended diagnosis of the species is given.

E m e n d e d  d i a g n o s i s :  Mandibular ramus high; diastema concave; mental fora-
men below the anterior root of m1; low crowned lophodont cheek-teeth with plane 
occlusal surface; upper and lower molars display weak cones/conids, but pronounced 
lophs/lophids, which are equal in elevation; protoloph of M1–2 single; mesoloph(id) 
of M1–2 and m1 of long or medium length; mesolophid of m2 of medium length or 
short; anteroconid of m1 pronounced or weak; entoloph/ectolophid and sinus/sinusid 
oblique; M3/m3 short and of simplified pattern; M1–2 four roots; M3 three roots; 
m1–3 two roots.

O c c u r r e n c e s  of Litodonomys lajeensis in Mongolia (Valley of Lakes, Uvurkhangai): 
Late Oligocene to Early Miocene.

Table 16. Measurements of Litodonomys lajeensis.

length (mm) width (mm)
range mean N = 82 range mean

P4 0.47 1 0.61
M1 1.15 – 1.36 1.27 13 1.01 – 1.27 1.20
M2 1.11 – 1.32 1.20 14 1.01 – 1.32 1.19
M3 0.71 – 0.89 0.78 4 0.80 – 1.15 0.98
m1 1.18 – 1.58 1.31 20/21 0.80 – 1.08 0.88
m2 1.06 – 1.41 1.24 20/21 0.85 – 1.22 1.01
m3 0.78 – 0.95 0.86 8/7 0.73 – 0.92 0.82
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M a t e r i a l  s t u d i e d :
Late Oligocene (biozone C1):

•	 Tatal Gol: TAT-E/27: m1–2r frag. (NHMW 2013/0237/0001); TAT-051/2: 
1 M2r, 1 M3l (NHMW 2013/0238/0001–0002), TAT-043: 1 M1r (NHMW 
2013/0239/0001; Litodonomys cf. lajeensis).

Oligocene-Miocene transition (biozone C1–D):
•	 Tatal Gol: TAT-E/32: m1–3r, M1r, 2 M2r (NHMW 2013/0240/0001–0004).
•	 Hotuliin Teeg: HTS-056/1+2: 1 M2r, 1 M1r, 1 m1r, 1 m1l (NHMW 

2013/0241/0001–0004.
Early Miocene (biozone D):

•	 Unkheltseg: UNCH-A/3: 1 mand. m1r (NHMW 2013/0242/0001), 1 mand. 
m2r (NHMW 2013/0242/0002), 1 mand. m1r (NHMW 2013/0242/0003), 1 
m1r (NHMW 2013/0242/0004), 2 m1l (NHMW 2013/0242/0005–0006), 1 m2r 
(NHMW 2013/0242/0007), 2 m2l (NHMW 2013/0242/0008–0009), 1 mand. 
m2–3l (NHMW 2013/0242/0010), 1 m3l (NHMW 2013/0242/0011), 2 M1r 
(NHMW 2013/0242/0012–0013), 2 M2l (NHMW 2013/0242/0014, 0016), 1 
M2rl (NHMW 2013/0242/0015), 1 M3l (NHMW 2013/0242/0017).

•	 Hotuliin Teeg: HTE-005: 4 m1r, 3 m1l, 2 m2r, 2 m2l, 4 m3r, 2 M1l, 1 M1r, 2 M2r, 
1 M3l, 1 m1r, 1 m2–fragm, P4–M1l, 1 m2r, 1 M2l (NHMW 2013/0243/0001– 
0024); HTE-014–018: 1 m1r, 1 m1l, 1 m2l (coll. MPC); HTE-003: 3 m2l, m2r, 
m1–2l, 1 m3r, 1 M1l, 1 M2l, P (coll. MPC), m1–2l, 1 M2l (coll. MPC; Litodon-
omys cf. lajeensis); HTE-007: mand. m1–3r (NHMW 2013/0246/0001);  HTE-
012: 2 M1l (NHMW 2013/0248/0001–0002).

•	 Huch Teeg: RHN-A/12: 1 m2r, 2 m2l, 1 M1r, 2 M2r (NHMW 
2013/0249/0001–0006).

•	 Luugar Khudag: LOG-A/1: 1 m1r, 1 M1l (NHMW 2013/0250/0001–0002).

D e s c r i p t i o n :  M1 (Figs 21/3, 5): slightly longer than wide; narrowest behind par-
acone and protocone; labial cusps transversely elongate; protocone postero-lingually 
elongate; hypocone in postero-lingual position; oblique entoloph extending from the 
hypocone to the protoloph; protocone continuous with anteroloph; single protoloph 
attaching the entoloph posterior to the protocone; metaloph attaching the entoloph at or 
anterior to the hypocone; mesoloph long or of medium length; sinus oblique and strongly 
directed forwards; posterior fossette narrow; long posteroloph transverse; its connection 
to the hypocone may be constricted.

M2 (Figs 21/5–7): resembles M1; widest in the anterior, narrow in the posterior part; 
labial anteroloph stronger than lingual one; protoloph single; mesoloph mostly long.

M3 (Fig. 21/4): reduced in its longitudinal direction; similar to L. huangheensis.

m1(Figs 21/8, 11–12): trigonid narrow; metaconid and protoconid slender; anteroconid 
pronounced or weak; mesolophid long and straight; sometimes small mesostylid and/or 
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mesoconid present; entoconid anterior to hypoconid; hypolophid connected with ante-
rior arm of the hypoconid; ectolophid oblique, can be continuous or constricted ante-
rior and/or posterior to mesolophid; transverse posterolophid can be constricted close 
to hypoconid; sinusid wide, directed backward, oblique; central fossettid divided by 
pronounced mesolophid; posterior fossettid (IV) relatively wide.

m2 (Figs 21/8–9,13–14): mesolophid short or of medium length, sometimes curved; 
ectolophid oblique; weak mesoconid; entoconid anterior to hypoconid; hypolophid 
transverse, connected to ectolophid anterior to hypoconid; metalophid connected to 
anterior arm of protoconid; anterolophid labial and lingual; posterolophid continuous 
with the hypoconid; sinusid oblique, wide, directed backward.

m3 (Figs 21/8, 10): strongly reduced structures similar to Litodonomys huangheensis; 
smallest of all mandibular molars; labial and lingual anterolophid; metaconid and pro-
toconid in opposing position; metalophid transverse, connected with protoconid; ectol-
ophid short; entoconid and hypolphid weak or absent; weak hypoconid continuous with 
the posterolophid.
R e m a r k s :  Two Litodonomys-species, Litodonomys huangheensis and Litodon-
omys lajeensis have been documented from three localities in Mongolia (Unkhelt-
seg,  Hotuliin Teeg and Tatal Gol). Litodonomys lajeensis differs from Litodonomys 
huangheensis by: relatively slender molars, more delicate, transverse lophs/lophids, 
the longer mesoloph/mesolophid, narrow fossettes and the m1 having an anteroconid 
and a long mesolophid.
So far the genus Litodonomys comprises four species. Two species (Litodonomys huang-
heensis and Litodonomys xishuiensis) have rather simple tooth structures, as outlined 
above. The other two species (Litodonomys lajeensis and Litodonomys minimus) display 
the lophodont dental pattern, but overlap in size. It is worth mentioning, that dental pat-
tern and size of Xenosminthus zayssanensis lopatin & ZaZHigin, 2000 from Kazakhstan 
is similar with both, Litodonomys lajeensis and Litodonomys minimus, however a revi-
sion of these species lies outside the scope of this paper.
Litodonomys lajeensis ranges from the Late Oligocene to the Early Miocene of China 
and Mongolia.

Genus Shamosminthus Huang, 1992

Ty p e  s p e c i e s :  Shamosminthus tongi Huang, 1992
D e n t a l  c h a r a c t e r s :  Upper and lower incisors without longitudinal groove; small to 
medium sized, low crowned, bunodont molars; pronounced cusps, weak crests.
M1–2 with pronounced mesocone and hypoconule; weak or interrupted entoloph; only 
one protoloph, short lingual and long labial posteroloph; small posterior sinus or poste-
rior sulcus; metaloph of M1 frequently connected with posterior arm of hypocone; M1–2 
with 3–4 roots.
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m1: anteroconid small or absent, mesolophid weak or absent, mesoconid and hypoco-
nulid pronounced; ectolophid weak, longitudinal or slightly oblique, can be interrupted; 
labial posterior sinusid present; entoconid shifted in anterior direction.
R e f e r r e d  s p e c i e s  a n d  t h e i r  t y p e  l o c a l i t i e s :

•	 S. sodovis Daxner-Höck, 2001 from TGR-AB/22, Taatsiin Gol (Mongolia); 
Early Oligocene (biozone B).

•	 S. tongi Huang, 1992 from Ulan Tatal, Nei Mongol (China); Late Oligocene.

Shamosminthus tongi Huang, 1992
(Fig. 22/1)

1992 Shamosminthus tongi sp. nov. – Huang: 283–284, pl. II, figs 5–6.

O c c u r r e n c e  of S. tongi in Mongolia (Valley of Lakes, Uvurkhangai): Tatal Gol: TAT-
055: Late Oligocene (biozone C).

Fig. 22. Shamosminthus species from the Valley of Lakes, Mongolia. Early to Late Oligocene 
(biozones B to C). All specimens from the NHMW collection. 1: S. tongi Huang, 1992, left 
M1–2 (NHMW 2013/0251/0001) from Tatal Gol (TAT-055; biozone C). 2–6: S. sodovis Dax-
ner-Höck, 2001; 2: right M1–2 (NHMW 2001/0034/0003/1) from Taatsiin Gol (TGR-B/1; 
biozone B). 3: left M1 (NHMW 2001/0034/0003/3) from Taatsiin Gol (TGR-B/1; biozone B). 
4: right m1 (NHMW 2001/0034/0003/13) from Taatsiin Gol (TGR-B/1; biozone B). 5: left m2 
(NHMW 2001/0034/0006/2) from Taatsiin Gol (TGL-A/11; biozone B). 6: right m3 (NHMW 
2001/0034/0003/16) from Taatsiin Gol (TGR-B/1; biozone B).
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M a t e r i a l  s t u d i e d :  left maxilla with M1–2 (NHMW 2013/0251/0001). Fig. 22/1. 
Measurements: M1 = 1.27 × 1.25 mm, M2 = 1.20 × 1.11 mm.
D e s c r i p t i o n  (Fig. 22/1): M1–2: of rectangular outline; four roots; single protoloph 
and metaloph; thickness and elevation of mesoloph decreases toward labial
M1: narrowest in its anterior part; strong anterior arm of protocone reaching the altero-la-
bial edge; small anterocone; protoloph attaches the posterior arm of protocone; metaloph 
connected with posterior arm of hypocone, which connects the posteroloph right angled; 
mesoloph of medium length, attaches paracone-spur; entoloph constricted posterior to 
protocone; small isolated mesostyle; mesocone and hypoconule strong cusps; posterior 
sinus pronounced.
M2: narrowest in its posterior part; labial anteroloph; protoloph I connected with proto-
cone; metaloph connected with anterior arm of hypocone; mesoloph in accordance with 
M1; entoloph interrupted before contacting protocone; sinus continuous with fossette II; 
posteroloph pronounced.

R e m a r k s :  So far, Shamosminthus tongi was documented only from Ulan Tatal (UTL 
3, 4a+b, 8b; China). The Mongolian specimen is in agreement with the type species in 
size, dental morphology and with the Late Oligocene age.

Shamosminthus sodovis Daxner-Höck, 2001
(Figs 22/2–6, Tab. 17)

1997 Shamosminthus sp. 1. – Daxner-Höck et al.: 172.
1999 Parasminthus cf. tangingoli. – Höck et al.: 115.
2001 Shamosminthus sodovis. – Daxner-Höck: 366–367, pl. 3, figs 1–15, tabs 6–7.
2007 Shamosminthus sodovis. – Daxner-Höck & BaDamgarav: 17, tab. 3.
2010 Shamosminthus sodovis. – Daxner-Höck et al.: 358, tab. 4.

Ty p e  l o c a l i t y :  Taatsiin Gol (TGR-AB/22), Early Oligocene.

Table. 17. Measurements of Shamosminthus sodovis (including data from Daxner-Höck 2001: 
Tab. 7).

length (mm) width (mm)
range mean N = 145 range mean

M1 0.95 – 1.20 1.09 42 0.80 – 0.98 0.90
M2 0.80 – 1.14 1.01 29/30 0.77 – 0.95 0.87
M3 0.59 – 0.75 0.66 3 0.66 – 0.70 0.68
m1 0.91 – 1.05 1.16 30 0.61 – 0.83 0.73
m2 0.93 – 1.20 1.08 24 0.70 – 0.95 0.90
m3 0.73 – 1.05 0.87 16 0.65 – 0.80 0.71
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H o l o t y p e :  Left maxilla with M1–2 (NHMW2001/0034/0001/1). Measurements: 
M1 = 1.06 × 0.92 mm, M2 = 1.01 × 0.85 mm.

D e n t a l  c h a r a c t e r s :  (Daxner-Höck 2001: 366–367, pl. 3, Figs 1–15): Small 
Shamo sminthus-species with low crowned buno-lophdont molars; pronounced cusps; 
wide valleys and weak crests. Smooth anterior surface of upper incisors.

Maxilla: posterior extension of foramen incisivum as far as M1. Main cusps of upper 
molars in opposing position; mesocone and hypoconule pronounced.

Mandible: foramen mentale in dorsal position, close to the diastema, anterior to the root 
of m1; cuspids of lower molars slightly alternating, lingual pair of cuspids anterior to 
labial one; mesoconid and hypoconulid pronounced.

O c c u r r e n c e s  of Shamosminthus sodovis in Mongolia (Valley of Lakes, Uvur-
khangai): Early Oligocene (biozones A to B).

M a t e r i a l  s t u d i e d :

Early Oligocene (biozone A):

•	 Taatsiin Gol: TGR-A/13: jaws and molars (NHMW 2001/0034/0015/1–5); 
TGL-A/2: 3 molars (NHMW 2001/0034/0014/1–3).

•	 Tatal Gol: TAT-D/1: jaws and molars (NHMW 2001/0034/0012/1–9); TAT-
C/1+2: 3 molars (NHMW 2001/0034/0013/1–3).

Early Oligocene (biozone B):

•	 Taatsiin Gol: TGR-AB/22: type material (NHMW 2001/0034/0001/1–10); 
TGR-AB/21: 20 molars (NHMW 2001/0034/0002/1–20); TGR-B/1: 20 jaws 
and molars (NHMW 2001/0034/0003/1–20); TGR-ZO/2: 4 molars (NHMW 
2001/0034/0004/1–4); TGR-1564: 3 molars (NHMW 2001/0034/0005/1–3); 
TGL-A/11: 3 molars (NHMW 2001/0034/0006/1–3); Del: DEL-B/7: jaws and 
molars (NHMW 2001/0034/0007/1–12).

•	 Ikh Argalatyn Nuruu: IKH-A/1–4: 4 molars (NHMW 2001/0034/0010/1–4).
•	 Tatal Gol: TAT-038: 1 M1l, 1 m1l (coll. MPC); TAT-E/3: 1 M1r, 1 m1–2l, 1 m2r 

(coll. MPC).
•	 Unkheltseg: UNCH-A/3B: jaws and molars (NHMW 2001/0034/0011/1–40).

D e s c r i p t i o n :  M1 (Figs. 22/2–3): trapezoidal in occlusal outline; anterior arm of pro-
tocone long, occasionally ends in a small parastyle; anterior cingulum present or absent; 
protoloph II connected with posterior arm of protocone; metaloph connected with pos-
terior arm of hypocone; mesoloph of medium length or long, can attach paracone-spur; 
narrow posterior sinus or postero-lingual sulcus between hypocone and posteroloph.

M2 (Fig. 22/2): protoloph I and metaloph connected with protocone and hypocone or 
their anterior arms, respectively; mesoloph long or of medium length, sometimes con-
nected with paracone-spur; small posterior sinus or sulcus; entoloph weak or interrupted 
posterior to protocone.
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M3: lophodont molar pattern; narrow labial valleys between lophs; entoloph can be 
interrupted.
m1 (Fig. 22/4): anteroconid small or absent; anterior main cusps in opposingposition, 
connected by v-shaped metalophid; entoconid shifted forward; mesolophid absent or 
weak; hypolophid connected with anterior arm of hypoconid, posterolophid most promi-
nent lophid, with strong hypoconulid; posterior sinusid between hypoconid and hypoco-
nulid; sinusid and fossettids wide and shallow; ectolophid short, in longitudinal direction 
or slightely oblique; ectostylid sometimes present; mesoconid pronounced.
m2 (Fig. 22/5): double anterolophid, anteroconid weak or strong; metalophid I short, 
connected with anteroconid; hypolophid connected with anterior arm of hypoconid; 
mesolophid of medium length, sometimes curved in anterior direction and attached with 
metaconid.
m3 (Fig. 22/6): resembles m2 in its anterior part; entoconid absent; mesolophid and 
hypolophid present or absent.

M1–2: three or four roots, M3 three roots, m1–3 two roots.

R e m a r k s :  Shamosminthus sodovis is smaller and has more primitive dental structures 
than the younger species Shamosminthus tongi. Shamosminthus sodovis is very well 
represented in Mongolia in rodent assemblages of the Early Oligocene (Hsanda Gol Fm. 
below and above basalt I).

Shamosminthus sp.

2001 Shamosminthus sp. – Daxner-Höck: 367–368, pl. 3, figs 16–17, tab. 6.

O c c u r r e n c e  in Mongolia (Valley of Lakes, Uvurkhangai): Early Oligocene (biozone B).

Hsanda Gol: SHG-AB/17–20: 1 M1r, 1 m1l (NHMW 2001/0035/0001/1–2).

M e a s u r e m e n t s :  length × width (mm): M1: 1.18 × 0.93; m1: 1.30 × 0.80.

R e m a r k s :  Two molars from the upper part of the Hsanda Gol section (SHG-AB/17–20; 
uppermost Early Oligocene, biozone B) have more complicated dental structures than 
older ones. They are intermediate between Shamosminthus sodovis and Heterosminthus 
in morphology and size and are identified as Shamosminthus sp. (Daxner-Höck 2001: 
367–368, pl. 3, figs 16–17).

Shamosminthus is thought to be stem group of Heterosminthus (Daxner-Höck 2001: 
368). The first ocurrences of Shamosminthus sodovis in Mongolia (Early Oligocene, 
biozone A) exhibit small teeth with primitive structures, and three-rooted M1 (wide lin-
gual root, partly with split tips). Later (Early Oligocene, biozone B) Shamosminthus 
sodovis and Shamosminthus sp. have slightly larger teeth and four rooted M1–2, finally, 
Shamosminthus tongi of the Late Oligocene (biozone C) has large teeth and four-rooted 
M1–2. Subsequently, the molar-pattern of Heterosminthus developed in the course of the 
Late Oligocene (biozone C1) and Early Miocene (biozone D).
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Genus Heterosminthus scHauB, 1930

Ty p e  s p e c i e s :  Heterosminthus orientalis scHauB, 1930

Ty p e  l o c a l i t y :  Xiansuihe, Gansu (China); Middle Miocene.

D e n t a l  c h a r a c t e r s :  Upper and lower incisors without longitudinal groove; small 
to medium sized bunodont molars of rectangular shape; M1–2 and m1–2 with four main 
cusps connected by weak crests; labial and lingual pair of cones(ids) alternate; entoconid 
shifted forward; ectolopohid of m1–2 of variable shape and length; protocone of M1–2 
elongate forming a postero-lingual crest with or without protostyle; M1–2 four roots, M3 
three roots, m1–3 two roots.

R e f e r r e d  s p e c i e s  a n d  t h e i r  t y p e  l o c a l i t i e s :

•	 H. erbajevae lopatin, 2001 from Aya (Siberia); Middle Miocene.
•	 H. firmus ZaZHigin & lopatin, 2000 from Ayaguz (Kazakhstan); Early Miocene.
•	 H. gansus ZHeng, 1982 from Tianzhu (China); Late Miocene.
•	 H. honestus ZaZHigin & lopatin, 2000 from Batpaksunde (Kazakstan); Early 

Miocene.
•	 H. intermedius wang, 2003 from Tiejianggou, loc. DH 199903 (China); Early 

Miocene.
•	 H. jucundus ZaZHigin & lopatin, 2000 from Zaisan Depression, point T. 

(Kazakstan); Middle Miocene.
•	 H. lanzhouensis wang & Qiu, 2000 from Shangxigou (China); Late Oligocene.
•	 H. mongoliensis ZaZHigin & lopatin, 2000 from Ulan Tolgoi (Mongolia); Early 

Miocene.
•	 H. mugodzharicus ZaZHigin & lopatin, 2000 from Shet-Irgiz (Kazakstan); Late 

Miocene.
•	 H. nanus ZaZHigin & lopatin, 2000 from Batpaksunde (Kazakstan); Early 

Miocene.
•	 H. orientalis scHauB, 1930 from Xiansuihe (China); Middle Miocene.

Heterosminthus firmus ZaZHigin & lopatin, 2000
(Figs 23/1–11, Tab. 18–19)

1997 Shamosminthus sp. 3. – Daxner-Höck et al.: 173.
1999 Heterosminthus sp. 1. – Höck et al.: 118, text-fig. 21/2.
1999 Heterosminthus cf. orientalis. – Höck et al.: 118.
2000 Heterosminthus firmus sp. nov. – ZaZHigin & lopatin: 325–327, fig. 3.
2001 Heterosminthus firmus. – Daxner-Höck: 368–370, pl. 4, figs 1–12, tabs 8–9.
2001 Heterosminthus cf. firmus. – Daxner-Höck: 370, pl. 5, figs 5–16, tabs 10–11.
2001 Heterosminthus cf. firmus p.p. – Daxner-Höck: 370–371, pl. 5, figs 1–4, tabs 8, 10.

Ty p e  l o c a l i t y :  Ayaguz (Kazakstan); Early Miocene.

O c c u r r e n c e s  of Heterosminthus firmus in Mongolia (Valley of Lakes, Uvurkhangai): 
Oligocene-Miocene transition (biozone C1–D) to Early Miocene (biozone D).
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Fig. 23. Heterosminthus firmus ZaZHigin & lopatin, 2000 from Unkheltseg (UNCH-A/3) in 
the Valley of Lakes, Mongolia. Early Miocene (biozone D). All specimens from the NHMW 
collection. 1: left M1 (NHMW 2001/0036/0001/1). 2: left M2 (NHMW 2001/0036/0001/22). 
3: left M3 (NHMW 2001/0036/0001/36). 4: left M1 (NHMW 2001/0036/0001/2). 5: left 
M2 (NHMW 2001/0036/0001/31). 6: left M2 (NHMW 2001/0036/0001/32). 7: right m1 
(NHMW 2001/0036/0001/55). 8: left m1 (NHMW 2001/0036/0001/47). 9: right m2 (NHMW 
2001/0036/0001/73). 10: left m1 (NHMW 2001/0036/0001/53). 11: left m2–3 (NHMW 
2001/0036/0001/84), AO (Daxner-Höck 2001: pl. 4/8).
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M a t e r i a l  s t u d i e d :
Oligocene-Miocene transition (biozone C1–D):

•	 Hotuliin Teeg: HTS-056/1+2: 2 M1l, 1 M2l, 1 m2l, 1 m1r (NHMW 
2013/0252/0001–0005):

•	 Huch Teeg: RHN-019: 1 m1r (NHMW 2013/0253/0001).
Early Miocene (biozone D):

•	 Hotuliin Teeg: HTE-014–018: 1 m2r, 2 m2l (coll. MPC); HTE-005: 1 M2r, 1 m2l, 1 
M1l, 1 M1r, 1 m1r, 1 m1l, 1 m2r, 1 M1l, m1–2r, m2–3r (NHMW 2013/0254/0001–
0010); HTE-007+008: 1 m1l, 1 m1r (NHMW 2013/0255/0001–0002).

•	 Unkheltseg: UNCH-A/3: div. upper and lower jaws (fragm.) and numerous 
molars (NHMW 2001/0036/0001/1–86; Daxner-Höck 2001: 368, tab. 8), 5 
specimens (coll. MPC).

•	 Huch Teeg: RHN-A/12: 9 molars (NHMW 2001/0037/0001/1–9; Daxner-Höck 
2001: 368, tab. 8).

•	 Luugar Khudag: LOG-A/1: 5 molars (NHMW 2001/0037/0002/2–5; Dax-
ner-Höck 2001: 368, tab. 8).

O c c u r r e n c e s  of Heterosminthus cf. firmus in Mongolia (Valley of Lakes, Uvur-
khangai): Late Oligocene (biozone C1).
Material studied:

•	 Loh: LOH-C/1: 1 m1 (NHMW 2001/0037/0003/1).
•	 Huch Teeg: RHN-A/7: 1 m1l, 1 m2r, 1 m3l (NHMW 2001/0037/0004/1–3); 

RHN-A/9: div. Inc. sup., 1 m1r, 1 m2r, 1 m2l (NHMW 2013/0258/0001–0003).
•	 Tatal Gol: TAT-E/22: 1 m1r (coll. UB); TAT-E/32: 1 m1r (coll. MPC).

Table 18. Measurements of Heterosminthus firmus.

length (mm) width (mm)
range mean N = 119 range mean

M1 1.20 – 1.48 1.33 25 0.91 – 1.20 1.04
M2 1.09 – 1.36 1.23 24 0.80 – 1.02 1.00
M3 0.91 – 0.95 0.93 3 0.77 – 0.84 0.80
m1 1.16 – 1.45 1.30 35 0.77 – 1.01 0.88
m2 1.14 – 1.43 1.27 27 0.82 – 1.11 0.91
m3 0.89 – 1.07 1.00 5 0.73 – 0.84 0.97

Table 19. Measurements of Heterosminthus cf. firmus.

length (mm) width (mm)
range mean N = 7 range mean

m1 1.35 – 1.60 1.44 4 0.92 – 1.15 1.05
m2 1.30 – 1.45 1.39 3 1.00 – 1.18 1.07
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D e s c r i p t i o n :  Daxner-Höck (2001: 368–371; pl. 4–5, tab. 8–10).
M1 (Fig. 23/1, 4): rectangular in outline; rounded corners; widest in its anterior part and 
narrowest posterior to paracone and protocone; anterior arm of protocone long, some-
times ending in a weak parastyle, or short and connected with anterior cingulum; weak 
anterocone possible; postero-lingual crest of protocone varying from strong to weak, 
without protostyle; protoloph II and metaloph directed backward; protoloph II connected 
with entoloph; metaloph connected with posterior arm of hypocone or to hypoconule; 
mesoloph long, extending from mesocone to mesostyle; posteroloph with labial and lin-
gual arm; posterior sinus present; entoloph short, continuous or interrupted anterior to its 
connection with protoloph II. Sinus directed forward.
M2 (Fig. 23/2,5): rectangular molar with narrow posterior part; protocone anterior to 
paracone; metacone and hypocone almost in opposing position; weak lingual, strong 
labial anteroloph; anterocone can be present; protocone with postero-lingual crest, but 
without protostyle; anterior arm of protocone short and with free end, or connected with 
anteroloph or connected with paracone (protoloph I); protoloph II connected with entol-
oph; metaloph connected with hypocone or its anterior arm; mesoloph long, rarely of 
medium length; labial posteroloph dominates; hypoconule weak or strong; posterior 
sinus weak or absent; entoloph oblique; sinus directed forward.
M3 (Fig. 23/3): smallest tooth; five labial lophs and two lingual cusps; narrow fossettes 
between lophs; sinus shallow or absent.
m1 (Fig. 23/7,8,10): four main conids alternating; entoconid strongly shifted forward; 
anteroconid, mesoconid and hypoconulid strong, but lower than main conids; one or 
two small crests can connect anteroconid with metaconid or/and protoconid; metalophid 
V-shaped; short hypolophid connected with mesoconid just opposing to ectomesolo-
phid; ectomesolophid can be long, short or absent; ectolophid curved in antero-lingual 
direction and connected with the posterior part of metalophid; mesolophid extends from 
mesoconid or from ectolophid (halfway between mesoconid and metalophid) toward lin-
gual boarder; small labial crest can connect posterior part of protoconid and mesoconid; 
wide sinusid; posterior sinusid present.
m2 (Fig. 23/9, 11): widest lower molar; resembles m1; alternating main cusps, lingual 
cusps anterior to labial ones; double anterolophid; anterior arm of protoconid and metal-
ophid I connected with anteroconid; posterior arm of protoconid curved forward and 
connected with metaconid or with mesolophid; mesolophid short or absent; mesoconid 
weak or absent; short ectolophid; strong lingual posterolophid with hypoconulid; ante-
rior sinusid pronounced; sinusid wide; posterior sinusid weak or absent.
m3 (Fig. 23/11): smallest tooth; resembles m2; entoconid absent.
M1–2 with four roots, M3 with three roots, m1–3 with two roots.
R e m a r k s :  Heterosminthus firmus is very well represented from the localities Unk-
heltseg and Hotuliin Teeg (Early Miocene; biozone D) in Mongolia by numerous tooth-
rows and isolated teeth, which show a wide range in size and dental characters. Some 
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Late Oligocene (biozone C1) fossil horizons yielded isolated teeth, which are slightly 
larger than Heterosminthus firmus, otherwise their morphology seems to fit the variabil-
ity described. We consequently refer this material as Heterosminthus cf. firmus.

Heterosminthus cf. lanzhouensis Wang & Qiu, 2000
(Figs 24/1–5, Tab. 20)

2001 Heterosminthus cf. firmus p.p. – Daxner-Höck: 370–371, pl. 5, figs 1–4, tabs 8, 10.

Ty p e  l o c a l i t y :  GL 9601B Shanxigou, Lanzhou Basin (China). Late Oligocene.
O c c u r r e n c e s  of H. cf. lanzhuensis in Mongolia (Valley of Lakes, Uvurkhangai): Late 
Oligocene to the Oligocene-Miocene transition (C1 to C1–D).
Late Oligocene (biozone C1):

•	 Huch Teeg: RHN-023: 1 M1r (NHMW 2012/0067/0001), Huch Teeg: RHN-
023: P4–M2l (coll. MPC).

Fig. 24. Heterosminthus cf. lanzhouensis wang & Qiu, 2000 from the Valley of Lakes, Mongolia. 
Late Oligocene (biozone C1) to the Oligocene-Miocene transition (biozone C1–D). All specimens 
from the NHMW collection. 1: right M1–2 (NHMW 2013/0259/0001) from Huch Teeg (RHN-
021; biozone C1–D). 2: right M1(NHMW 2012/0067/0001) from Huch Teeg (RHN-023; biozone 
C1). 3: left M2 (NHMW 2013/0260/0001) from Hotuliin Teeg (HTS-056/1+2; biozone C1–D). 4: 
right m1 (NHMW 2013/0260/0002) from Hotuliin Teeg (HTS-056/1+2; biozone C1–D). 5: right 
m2 (NHMW 2013/0260/0003) from Hotuliin Teeg (HTS-056/1+2; biozone C1–D).
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Oligocene-Miocene transition (biozone C1–D):
•	 Huch Teeg: RHN-021: M1–2r, 1 m2r (NHMW 2013/0259/0001–0002).
•	 Hotuliin Teeg: HTS-056/1+2: 1 M2l, 2 m1r, 2 m2l, 2 m2r (NHMW 

2013/0260/0001–0007).
D e s c r i p t i o n  (Figs 24/1–5): Medium-sized bunodont molars of rectangular outline. 
Compared to other Heterosminthus species, the molars are relatively wide and short and 
display rather primitive dental structures. Cones/conids and loph(id)s robust. M1–2 with 
four roots; m1–2 with two roots.
P4: one cusp and a weak posterior cingulum.
M1 (Figs 24/1–2): pairs of labial and lingual cones in opposing position; anterior arm 
of protocone of medium length or long, extending to antero-labial edge or to anterior 
cingulum; anterocone present (Fig. 24/1) or absent; protocone with weak postero-lingual 
crest; protoloph connected with entoloph; entoloph constricted posterior to protocone; 
mesoloph long, extending to labial edge; metaloph connected with posterior arm of 
hypocone; posteroloph strong; weak hypoconule; postero-lingual sulcus/sinus between 
hypocone and hypoconule; sinus directed forward.
M2 (Figs 24/2–3): main cusps in opposing position; labial anteroloph strong, lingual 
anteroloph weak or absent; anterocone and mesocone present; double protoloph; pro-
toloph I connected with anterior arm of protocone; protoloph II connected with proto-
cone or posterior arm of protocone; postero-lingual crest of protocone connected with 
mesocone; mesoloph long or of medium length; metaloph connected with hypocone; 
posteroloph with weak hypoconule; weak postero-lingual sulcus between hypocone and 
hypoconule; sinus shallow.
m1 (Fig. 24/4): lingual pair of main cusps situated anterior to labial ones; anteroco-
nid strong, isolated or connected with protoconid and metaconid by two strong crests 
(anterior arm of protoconid and metalophid I); posterior arm of protoconid absent, or 
strong and building metalophid II; mesolophid of medium length, oblique, attached to 
the posterior arm of protoconid or basal part of metaconid; short ectolophid extends 
from anterior hypoconid-arm forward to basal slope of protoconid; strong mesoconid 
situated at the middle part of ectolophid; posterolophid robust; hypoconulid shifted 
toward lingual.

Table 20. Measurements of Heterosminthus cf. lanzhouensis.

length (mm) width (mm)
range mean N = 13 range mean

M1 1.44 – 1.48 1.46 3 1.20 – 1.32 1.20
M2 1.41 – 1.41 1.41 3 1.20 – 1.30 1.30
m1 1.44 – 1.48 2 1.08 – 1.13
m2 1.41 – 1.60 1.49 5 1.18 – 1.22 1.20
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m2 (Fig. 24/5): lingual pair of main conids situated anterior to labial ones; double anter-
olophid, labial branch stronger than lingual one; anteroconid, mesoconid and hypoco-
nulid pronounced; metalophid I and anterior arm of protoconid connected with antero-
conid; posterior arm of protoconid curved and connected with basal part of metaconid; 
oblique mesolophid attached to the posterior arm of protoconid or absent; ectolophid 
short; voluminous mesoconid; anterior part of ectolophid attaches posterior slope of 
protoconid; hypolophid connected with mesoconid or anterior arm of hypoconid; pos-
terolophid and hypoconulid strong; sinusid directed backward; posterior sinusid weak or 
absent; anterior sinusid pronounced.

R e m a r k s :  Heterosminthus cf. lanzhouensis is evidenced by fragmentary jaws and 
isolated molars from three fossil layers of two localities in Mongolia. The occurrences 
range from the Late Oligocene to the Oligocene-Miocene transition. These teeth resem-
ble Heterosminthus firmus and Heterosminthus lanzhuensis, but the average molar sizes 
exceed the values of both species. However, the length-width ratio of molars and certain 
primitive dental characters are similar to Heterosminthus lanzhouensis, so we identify 
these teeth as Heterosminthus cf. lanzhouensis.

Heterosminthus aff. nanus ZaZHigin & lopatin, 2000
(Figs 25/1–2, Tab. 21)

2001 Heterosminthus firmus p.p. – Daxner-Höck: 368–370.

Ty p e  l o c a l i t y :  Batpaksunde (Kazakhstan); Early Miocene.

O c c u r r e n c e s  of H. aff. nanus in Mongolia (Valley of Lakes, Uvurkhangai): Early 
Miocene (biozone D).

•	 Hotuliin Teeg: HTE-014–018: m1–3r (NHMW 2013/0261/0001); HTE-005: 1 
M1l (NHMW 2013/0262/0001).

•	 Unkheltseg: UNCH-A/3: 1 M2r, P4–M2r, M1–2r, 2 m2l, 1 m2r (NHMW 
2001/0036/0001/77–78,80, 91–93).

D e s c r i p t i o n  (Figs 25/1–2): Smallest Heterosminthus-species with most primitive 
dental structures. Ungrooved upper incisor; molars rectangular in outline.

Table 21. Measurements of Heterosminthus aff. nanus.

length (mm) width (mm)
range mean N = 12 range mean

M1 1.06 – 1.16 1.09 3 0.92 – 0.96
M2 1.06 1/3 0.82 – 0.89
m1 1.11 1 0.87
m2 1.08 – 1.15 1.12 4 0.82 – 0.89 0.86
m3 0.82 1 0.71
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M1 (Fig. 25/1): labial and lingual pair of main cones slightly alternating; anterior arm 
of protocone long, extending to labial corner; it can be connected with weak anterior 
cingulum; postero-lingual crest of protocone absent; protoloph II short, connected with 
entoloph; metaloph short, connected with hypoconule; mesoloph of medium length, 
connected with small mesocone; posteroloph strong with almost equal labial and lingual 
arms; hypoconule pronounced; posterosinus present; sinus wide, directed forward.

M2: labial anteroloph strong, lingual one weak or absent; protoloph II connected with 
entoloph close to mesocone; metaloph connected with entoloph halfway between meso-
cone and hypocone; mesoloph long, extending from mesocone toward abial edge; pos-
teroloph extending from hypocone to postero-labial part of metacone; hypoconule and 
posterior sinus absent; sinus directed forward.

m1 (Fig. 25/2): slender, low crowned molar; metaconid and protoconid in opposing posi-
tion, connected by a weak metalophid; anteroconid isolated; entoconid shifted forward; 
ectolophid extremely short, interrupted anterior to mesoconid; mesolophid and ectome-
solophid long, extending to lingual and labial edge, respectively; hypolophid connected 
with mesoconid; posterolophid strong; hypoconulid shifted toward lingual.

m2 (Fig. 25/2): labial pair of main conids posterior to lingual ones; labial anterolophid 
present; lingual anterolophid weak or absent; metalophid I connected with strong antero-
conid; posterior arm of protoconid curved, connected with basal part of metaconid; mes-
olophid absent; ectolophid short; strong or weak mesoconid situated in the middle part 
of ectolophid; hypolophid connected with mesoconid; posterolophid strong, with hypo-
conulid; sinusid symmetrical; anterior sinusid present.

m3 (Fig. 25/2): three main conids of equal size; two anterolophid-arms connected with 
anteroconid; short metalophid connected with anteroconid; posterior arm of protoconid 
long, extending obliquely toward lingual edge, where it attaches to the posterolophid; 

Fig. 25. Heterosminthus aff. nanus ZaZHigin & lopatin, 2000 from Hotuliin Teeg (HTE-005 
and HTE-014–018) in the Valley of Lakes, Mongolia. Early Miocene (biozone D). All specimens 
from the NHMW collection. 1: left M1 (NHMW 2013/0262/0001) from HTE-005. 2: right m1–3 
(NHMW 2013/0261/0001) from HTE-014–018.
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Fig. 26. Stratigraphic chart including the geologic time scale (graDstein et al. 2012), basalt ages 
and Mongolian biozones A to D (Höck et al. 1999), the European MN/MP Zones after stei-
ninger (1999) and luterBacHer et al. (2004), the lower boundary of the Xiejian Chinese mam-
mal Age after meng et al. (2013), the stratigraphic ranges of Dipodidae species, and reference 
faunas of Mongolian biozones (lower and upper part). Dot lines indicate very rare occurrences.
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anterior arm of hypoconid extending obliquely in lingual direction; posterolophid long, 
surrounding the posterior part of m3; entoconid, hypoconulid, mesoconid, mesolophid 
and ectolophid absent.
M1–2 with four roots, m1–3 with two roots.
R e m a r k s :  Heterosminthus aff. nanus is the smallest among Mongolian Hetero-
sminthus species. The small tooth sizes are equivalent with Heterosminthus nanus, and 
some dental characters resemble Heterosminthus nanus rather than any other species, 
i.e., the absent postero-lingual crest of protocone and absent protostyle. However, the 
type material from Kazakhstan differs from the Mongolian specimens by: M1 with an 
entostyle connected with mesocone by a transverse crest, the ectomesolophid of m2, 
and the more complicated ectolophid-structures. These two very small collections, from 
Kazakhstan and Mongolia, do not display the full variability of dental characters, casting 
doubt on the species-identification of the Mongolian material.

Biostratigraphy

Dipodidae are known from all small mammal assemblages of the Oligocene and Early 
Miocene (Fig. 26). They display the greatest diversity of species (up to six species from 
one locality) and also the highest numbers of teeth.
The characteristic Dipodidae genera of the Early Oligocene in Mongolia are Onjos-
minthus (range: biozone A–B), Allosminthus and Shamosminthus (main range: biozone 
A–B, with rare last occurrences in the Late Oligocene / biozone C). Heosminthus and 
Bohlinosminthus are the long-lived genera with ranges from the Early Oligocene to the 
Early Miocene (biozone A–D). Parasminthus is documented only from Late Oligocene 
strata (biozone C–C1). Litodonomys (FOD biozone C) and Plesiosminthus (FOD biozone 
C1) range from the Late Oligocene to the Early Miocene (LOD biozone D). Finally, Het-
erosminthus is documented in Mongolia from the Late Oligocene to the Early Miocene 
(biozone C1–D).
The most abundant / characteristic Dipodidae-species of biozones A to D are:
Biozone A (Early Oligocene: below basalt I): Heosminthus chimidae, Onjosminthus 
baindi, Shamosminthus sodovis; FOD+LOD of Allosminthus khandae.
Biozone B (Early Oligocene: above basalt I): Heosminthus chimidae, Heosminthus 
 borrae, Allosminthus minutus; LOD of Onjosminthus baindi and Shamosminthus  
sodovis.
Biozone C (Late Oligocene: below basalt II in section ABO, above basalt II in sec-
tion TAR): Heosminthus chimidae, Bohlinosminthus parvulus, FOD of Parasminthus (3 
species).
Biozone C1 (Late Oligocene: above biozone C): Bohlinosminthus parvulus; FOD of 
Litodonomys lajeensis, Heterosminthus and Plesiosminthus (2 species); LOD of Paras-
minthus (3 species).
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Oligocene-Miocene transition (C1–D): Litodonomys; LOD of Plesiosminthus promyar-
ion and Heterosminthus cf. lanzhouensis.

Biozone D (Early Miocene: above biozone C1): Heterosminthus firmus, Litodonomys 
huangheensis, Litodonomys lajeensis; FOD of Plesiosminthus olzi, Plesiosminthus bars-
boldi and Heterosminthus aff. nanus.

Conclusions

During eight field-campaigns from 1995 to 2012, more than four thousand teeth, numer-
ous jaws and a few skull-fragments of Dipodidae were collected. Heosminthus chimidae 
(> 2,400 specimens) and Bohlinosminthus parvulus (> 800 specimens) are the prevailing 
species. Heosminthus chimidae was recovered from thirtyfour out of seventy fossil beds 
investigated. It ranges from the Early Oligocene to the Oligo-Miocene transition, and 
is the dominant Dipodidae during the Early Oligocene. Bohlinosminthus parvulus was 
recovered from twentyeight fossil beds. It ranges from the Early Oligocene to the Early 
Miocene and is the most numerous species of the Late Oligocene. All other species are 
represented by less than 150 specimens (one half by 1–50 specimens, the second half by 
50–150 specimens). Except for Heosminthus borrae their stratigraphic ranges cover no 
more than one to three biozones.
The highest species richness of Dipodidae is known in Mongolia from the Late Oligo-
cene. The number of species is relatively low in the Early Oligocene (biozone A: six 
species; biozone B: eight species). They are highest in the Late Oligocene (biozone 
C: eleven species; biozone C1: fourteen species), and decrease again from the Oligo-
cene-Miocene transition to the Miocene (biozone D: eight species).
The comprehensive list of all Dipodidae –taxa from the Oligocene and Early Miocene of 
the Taatsiin Gol area comprises nine genera and twenty species. Out of them one genus 
and four species are new descriptions. Only three taxa remained wothout identification 
on species level:
Allosminthus wang, 1985

Allosminthus khandae (Daxner-Höck, 2001)

Allosminthus minutus (Daxner-Höck, 2001)

Heosminthus wang, 1985
Heosminthus borrae nov. spec.
Heosminthus chimidae nov. spec.
Heosminthus sp.

Plesiosminthus viret, 1926
Plesiosminthus asiaticus Daxner-Höck & wu, 2003
Plesiosminthus promyarion scHauB, 1930
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Plesiosminthus olzi nov. spec.
Plesiosminthus barsboldi Daxner-Höck & wu, 2003
Plesiosminthus sp.

Onjosminthus nov. gen.
Onjosminthus baindi nov. gen. nov. spec

Parasminthus BoHlin, 1946
Parasminthus cf. asiaecentralis BoHlin, 1946
Parasminthus cf. tangingoli BoHlin, 1946
Parasminthus debruijni lopatin, 1999

Bohlinosminthus lopatin, 1999
Bohlinosminthus parvulus (BoHlin, 1946)

Litodonomys wang & Qiu, 2000
Litodonomys huangheensis wang & Qiu, 2000
Litodonomys lajeensis (li & Qiu, 1980)

Shamosminthus Huang, 1992
Shamosminthus tongi Huang, 1992
Shamosminthus sodovis Daxner-Höck, 2001
Shamosminthus sp.

Heterosminthus scHauB, 1930
Heterosminthus firmus ZaZHigin & lopatin, 2000
Heterosminthus cf. lanzhouensis wang & Qiu, 2000
Heterosminthus aff. nanus ZaZHigin & lopatin, 2000

It has to be emphasized that the majority of the Dipodidae species from the Oligocene 
and Early Miocene of Mongolia show primitive dental structures, which indicate close 
relationships with Allosminthus and Heosminthus. These two genera – with first occur-
rences of Allosminthus in the Middle Eocene and Heosminthus in the Early Oligocene – 
represent some of the oldest Dipodidae genera, which survived in Mongolia to the Late 
Oligocene and Early Miocene, respectively. 

The primitive dental characters of Allosminthus and Heosminthus of the Early Oligocene 
can be summarizeds as follows: Small bunodont, low crowned molars; M1–2 having 

Fig. 27. The stratigraphic distribution of Dipodidae species described from Mongolia, and the 
assumed relations between the genera Heosminthus, Plesiosminthus, Bohlinosminthus, Paras-
minthus, Onjosminthus, Allosminthus, Shamosminthus, Heterosminthus and Litodonomys.



©Naturhistorisches Museum Wien, download unter www.zobodat.at



Daxner-Höck et al.: Dipodidae from the Oligo-Miocene of Mongolia 207

©Naturhistorisches Museum Wien, download unter www.zobodat.at



208 Annalen des Naturhistorischen Museums in Wien, Serie A, 116

an almost square occlusal outline, a concave occlusal surface, two pairs of main cusps 
in opposite position and three roots (two labial, one lingual); P4 consisting of a single 
cone, surrounded by a posterior cingulum, and one root; upper and lower incisors having 
a smooth anterior surface. The two genera differ mainly by more accentuated cusps/
cuspids and lophs/lophids of Heosminthus. Other than that, Allosminthus has weak crests 
and obtuse cusps, and m1 has frequently no anteroconid, but a pronounced mesoconid, a 
hypoconulid and a posterior sulcus.

We assume that Bohlinosminthus, Plesiosminthus and Onjosminthus could have derived 
from Heosminthus, and that Allosminthus could be ancestor group of Shamosminthus 
and Heterosminthus.

The Heosminthus group and its assumed desendants:

1. The genus Heosminthus is evidenced in Mongolia by two independent species, Heos-
minthus borrae and Heosminthus chimidae and a third group, Heosminthus sp. (Fig. 8). 
Heosminthus sp. displays largest molar sizes, but dental characters in general are similar 
with Heosminthus chimidae and Heosminthus borrae. Heosminthus borrae (Fig. 6) is 
the smallest species, having the most advanced dental characters, such as pronounced 
high cones and lophs and narrow valleys. Heosminthus chimidae (Fig. 7), the most abun-
dant of all Dipodidae species, is of varying size and generalized dental pattern.

2. Plesiosminthus descended from Heosminthus by keeping the general molar structures, 
but developing its characteristic upper incisor. This tooth is laterally compressed and 
has a significant longitudinal groove along its anterior surface. In the course of the Late 
Oligocene and Early Miocene several species of Plesiosminthus developed, which differ 
in size and more or less advanced molar structures (Figs. 9–12).

3. We assume that also Bohlinosminthus is closely related to Heosminthus, because 
it shares the small molars, the primitive pattern, and the smooth anterior surface of 
upper incisors with the oldest Heosminthus species. However, other than Heosminthus 
and Plesiosminthus, Bohlinosminthus (Fig. 18) developed four roots of M1–2 in an 
early stage of evolution and consequently kept this character unchanged to the Early 
Miocene.

4. Onjosminthus shares some dental characters with the Heosminthus group (M1–2 hav-
ing an almost square occlusal outline, two pairs of main cusps in opposite position and 
three roots, and a smooth anterior surface if upper incisors), however, it has signifi-
cantly larger tooth sizes and some differing dental characters such as: thick wrinkled 
enamel; paracone spur of M1–2 connected with long mesoloph; characteristic connec-
tion between mesolophid and metaconid and posterolophid and entoconid of m1–2; 
accentuated mesoconid and hypoconulid (Figs.13–14).

5. The two species of Parasminthus, Paraminthus cf. tangingoli and Parasminthus cf. 
asiaecentralis (Figs. 15–16) and Onjosminthus are the largest Dipodidae of the Oligo-
cene from Mongolia. Parasminthus displays a more advanced molar pattern than all gen-
era discussed before. Commonly, the root numbers of M1–2 are linked with the length/
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width ratio. M1–2 of square outline (e.g., Onjosminthus) have three roots (the lingual 
root can be rounded, elongate in longitudinal direction or can have split tips). More 
advanced M1–2 of rectangular shape (e.g., Parasminthus) have four roots. The elonga-
tion of teeth and the increase of root numbers is correlated with specific dental features, 
e.g., the direction of protoloph and/or metaloph of M1–2 changes from transverse to 
oblique. The molars of Parasminthus debruijni share the Parasminthus pattern, but are 
significantly smaller than the other two species.

The Allosminthus group and its assumed desendants:

1. The genus Allosminthus evidences two species in Mongolia, Allosminthus khan-
dae (Fig. 4) and Allosminthus minutus (Fig. 5). Both species are very small, but differ 
by M1–2 having a paracone spur, and by slightly larger tooth sizes of Allosminthus 
khandae.

2. Shamosminthus of the Early Oligocene has very small bunodont molars with pro-
nounced cusps, wide valleys and weak crests and shares other dental characters of 
Allosminthus, i.e., the small or absent anteroconid of m1, the pronounced mesoconid 
and hypoconulid, and three roots of M1–2. Later, in the course of the Early Oligocene 
(biozone B) Shamosminthus sodovis (Fig. 22/2–3) developed more advanced dental 
structures: M1–2 with rectangular outline, four roots, elongation of the protocone of M1 
and backward directed metaloph. Finally, in the course of the Late Oligocene the much 
larger species Shamosminthus tongi (Fig. 22/1) developed.

3. The following features express the changing of the molar pattern from Shamos-
minthus to Heterosminthus: The tooth size and alternation of cusps increase with time. 
The lingual cusps shift forward, and simultaneously the direction of the lophs and 
valleys change from almost transverse to oblique. The originally short M1–2 become 
longer, the number of roots increases from three to four. The protocone of M1 elon-
gates obliquely in antero-labial and postero-lingual direction. The size of mesoconid 
and hypoconulid of lower molars increases. Shamosminthus of the Early Oligocene had 
a short ectolophid of m1, which was close to the mediane line. It successively shifted 
in lingual direction, and became oblique or curved in Heterosminthus (Daxner-Höck 
2001: 370). The different species of Heterosminthus differ by molar size and dental 
characters (Figs 23–25).

4. The origin of Litodonomys and its relation to other genera is questionable. Similar to 
Bohlinosminthus it combines the small size and the more or less square outline of M1–2 
with four distinct roots. However, the lophodont pattern, the strongly oblique entoloph/
ectolophid, the thick enamel, and the plane occlusal surface set Litodonomys apart from 
all other Dipodidae genera studied (Figs 19–21).

©Naturhistorisches Museum Wien, download unter www.zobodat.at



210 Annalen des Naturhistorischen Museums in Wien, Serie A, 116

Acknowledgements

The research was funded by the Austrian Science Fund (FWF): P-10505-GEO, P-15724-N06 
and P-23061-N19. O.M.’s research is also supported by a Lise Meitner Fellowship (FWF-
M1375-B17) from the Austrian Science Fund. We gratefully acknowledge the support of all 
Mongolian and European contributors of fieldwork, administration and scientific imput. Special 
thanks to our Mongolian Project partners, R. BarsBolD and Yo. kHanD, B. Bayarmaa, Yo. raD-
naa and the nomad families Ch. tomurBaatar and L. olZiBaatar organized and realised the 
successful fieldwork. M. stacHowitscH (Vienna) improved the English and J. BoucHal (Vienna) 
made SEM-images. We are very grateful to all these persons, and also to the reviewers L. van Den 
Hoek ostenDe (Leiden) and H. De Bruijn (Utrecht) for critical comments.

References

alvareZ sierra, m.a., Daams, r. & lacomBa anDueZa, j.i. (1996): The rodents from the 
Upper Oligocene of Sayaton 1, Madrid Basin (Guadalajara, Spain). – Proceedings Koninkli-
jke Nederlandse Akademie van Wetensschappen, 99/1–2: 1–23.

BenDukiDZe, o.g., De Bruijn, H. & van Den Hoeck ostenDe, l. (2009): A revision of Late 
Oligocene associations of small mammals from the Aral Formation (Kazakhstan) in the 
National Museum of Georgia, Tbilissi. – Palaeodiversity, 2: 343–377.

Berkey, c.p. & morris, f.k. (1927): Geology of Mongolia. – In: Natural History of Central 
Asia. – American Museum of Natural History, 2: 1–475.

BöHme, m. (2007): 3. Herpetofauna (Anura, Squamata) and paleoclimatic implications: prelimi-
nary results. – In: Daxner-Höck, g.(ed.): Oligocene–Miocene Vertebrates from the Valley 
of Lakes (Central Mongolia). Morphology, phylogenetic and stratigraphic implications. – 
Annalen des Naturhistorischen Museums Wien, Serie A, 108: 43–52.

BoHlin, B. (1946): The Fossil Mammals from the Tertiary Deposit of Tabenbuluk, Western 
Kansu. Part II: Simplicidentata, Carnivora, Artiodactyla, Perissodactyla, and Primates. – VI. 
Vertebrate Palaeontology, 4: 1–259.

Daxner-Höck, g. (2000): Ulaancricetodon badamae n. gen. n. sp. (Mammalia, Rodentia, Cri-
cetidae) from the Valley of Lakes in Central Mongolia. – Paläontologische Zeitschrift, 74/1–
2: 215–225.

Daxner-Höck, g. (2001): New zapodids (Rodentia) from Oligocene-Miocene deposits in Mon-
golia. Part 1. – Senckenbergiana lethaea, 81/2: 359–389.

Daxner-Höck, g., Höck, v., BaDamgarav, D., furtmüller, g., frank, w., montag, o. & 
scHmiD, H. p. (1997): Cenozoic Stratigraphy based on a sediment-basalt association in Cen-
tral Mongolia as Requirement for Correlation across Central Asia. – In: aguilar, j. p., leg-
enDre, s. & micHaux, j. (eds): Biochronologie mammalienne du Cénozoique en Europe et 
domaines reliés. – Mémoires et Travaux de l’Institut de Montpellier, E.P.H.E., 21: 163–176.

Daxner-Höck, g. & wu, w.-y. (2003): Plesiosminthus (Zapodidae, Mammalia) from China and 
Mongolia: migrations to Europe. – Deinsea, 10: 127–151.

Daxner-Höck, g. & D. BaDamgarav (2007): 1. Geological and stratigraphical setting. – In: 
Daxner-Höck, g. (ed.): Oligocene–Miocene Vertebrates from the Valley of Lakes (Cen-
tral Mongolia). Morphology, phylogenetic and stratigraphic implications. – Annalen des 
Naturhistorischen Museums Wien, Serie A, 108: 1–24.

©Naturhistorisches Museum Wien, download unter www.zobodat.at



Daxner-Höck et al.: Dipodidae from the Oligo-Miocene of Mongolia 211

Daxner-Höck, g., BaDamgarav, D. & erBajeva, m. (2010): Oligocene Stratigraphy based on 
a Sediment-Basalt Association in Central Mongolia (Taatsiin Gol and Taatsiin Tsagaan Nuur 
Area, Valley of Lakes): Review of a Mongolian-Austrian Project. – Vertebrata PalAsiatica, 
48/4: 348–366.

Daxner-Höck, g., BaDamgaarav, D., erBajeva, m. & göHlicH, u.B. (2013): Miocene Mam-
mal Biostratigraphy of Central Mongolia (Valley of Lakes): new results. – In: wang, x.-m., 
flynn, l.j. & fortelius, m. (eds): Fossil Mammals of Asia: Neogene Biostratigraphy and 
Chronology. – pp. 476–494, New York (Columbia University Press).

Devjatkin, e.v. (1981): The Cenozoic of Inner Asia. (Stratigraphy, geochronology and correla-
tion). – In: nikiforova, i. (ed.): The Joint Soviet-Mongolian Scientific-Research Geological 
Expedition, Transactions, 27: 1–196 [in Russian].

Devjatkin, e.v., BaDamgarav, D. (1993): Geological essay on Paleogene and Neogene depos-
its of the Valley of Lakes and Prealtai depressions. – In: BarsBolD, r. & akHmetiev, m. 
a. (eds): International Geological Correlation Programme, Project 326. Oligocene-Miocene 
Transitions in the Northern Hemisphere, Excursion Guide-Book Mongolia: Oligocene-Mio-
cene Boundary in Mongolia, pp. 7–27.

emry, r.j., lucas, s.g., tyutkova, l.a. & wang, B.-y. (1998): The Ergilian-Shandgolian 
(Eocene-Oligocene) transition in the Zaysan Basin, Kazakstan. – In: BearD, c. & Dawson, 
m. (eds): Dawn of the Age of Mammals in Asia. – Bulletin of Carnegie Museum of Natural 
History, 34: 298–312.

engesser, B. (1987): New Eomyidae, Dipodidae and Cricetidae (Rodentia, Mammalia) of the 
Lower freshwater Molasse of Switzerland and Savoy. – Eclogae Geologicae Helvetiae, 80/3: 
943–994.

engesser, B. & möDDen, c. (1997): a new version of the Biozonation of the Lower Freshwater 
Molasse (Oligocene and Agenian) of Switzerland and Savoy on the Basis of Fossil Mam-
mals. – In: aguilar, j.p., legenDre, s. & micHaux, j. (eds): Biochronologie mammalienne 
du Cénozoique en Europe et domaines relies. – Mémoires et Travaux de l`Institute, École 
Pratique des Hautes Études, 21: 475–499.

erBajeva, m. (2003): Late Miocene ochotonids (Mammalia, Lagomorpha) from Central Mon-
golia. – Neues Jahrbuch für Geologie und Paläontologie, Monatshefte, 2003/4: 212–222.

erBajeva, m. (2007): 5. Lagomorpha (Mammalia): preliminary results. – In: Daxner-Höck, 
g. (ed.): Oligocene – Miocene Vertebrates from the Valley of Lakes (Central Mongolia): 
Morphology, phylogenetic and stratigraphic implications. – Annalen des Naturhistorischen 
Museums Wien, Serie A, 108: 165–171.

erBajeva, m. & Daxner-Höck, g. (2001): Paleogene and Neogene lagomorphs from the Valley 
of Lakes, Central Mongolia. – Lynx, 32: 55–65.

freuDentHal, m. (1997): Paleogene Rodent Faunas from the Province of Teruel (Spain). – In: 
aguilar, j.p., legenDre, s. & micHaux, j. (eds): Biochronologie mammalienne du Céno-
zoique en Europe et domaines relies. – Mémoires et Travaux de l`Institute, École Pratique 
des Hautes Études, 21: 397–415.

göHlicH, u.B. (2007): 9. Gomphotheriidae (Proboscidea, Mammalia). – In: Daxner-Höck, 
g. (ed.): Oligocene – Miocene Vertebrates from the Valley of Lakes (Central Mongolia): 
Morphology, phylogenetic and stratigraphic implications. – Annalen des Naturhistorischen 
Museums Wien, Serie A, 108: 271–289.

graDstein, f.m. & ogg, j.g., scHmitZ, m.D. & ogg, g.m. (2012): The geologic time scale 
2012. – 2 vols, 1144 pp., Oxford (Elsevier).

©Naturhistorisches Museum Wien, download unter www.zobodat.at



212 Annalen des Naturhistorischen Museums in Wien, Serie A, 116

Heissig, k. (2007): 8. Rhinocerotidae (Perissodactyla, Mammalia). – In: Daxner-Höck, g. (ed.): 
Oligocene – Miocene Vertebrates from the Valley of Lakes (Central Mongolia): Morphol-
ogy, phylogenetic and stratigraphic implications. – Annalen des Naturhistorischen Museums 
Wien, Serie A, 108: 233–269.

Höck, V., Daxner-Höck, G., Schmid, H.P., Badamgarav, D., Frank, W., Furtmüller, G., Montag, 
O., Barsbold, R., Khand, Y. & Sodov, J. (1999): Oligocene-Miocene sediments, fossils and 
basalts from the Valley of Lakes (Central Mongolia) – An integrated study. – Mitteilungen 
der Geologischen Gesellschaft, 90: 83–125.

Huang, x.-s. (1992): Zapodidae (Rodentia, Mammalia) from the Middle Oligocene of Ulantatal, 
Nei Mongol. – Vertebrata PalAsiatica, 30: 249–286.

Hugueney, m. (1997): Biochronologie mammalienne dans le Paléogène et le Miocène inférieur 
du centre de la France. – in: aguilar, j.p., legenDre, s. & micHaux, j. (eds) - Biochronol-
ogie mammalienne du Cénozoique en Europe et domaines relies. – Mémoires et Travaux de 
l`Institute, École Pratique des Hautes Études, 21: 417–430.

Hugueney, m., & vianey-liauD, m. (1980): Les Dipodidae (Mammalia, Rodentia) d’Europe 
Occidentale au Paleogene et au Neogene inferieur: origine et evolution. – Palaeovertebrata, 
Mémoire Extraordinaire, 1980: 303–342.

kimura, y. (2010): New Material of Dipodid Rodents (Dipodidae, Rodentia) from the Early Mio-
cene of Gashunyinadege, Nei Mongol, China. – Journal of Vertebrate Paleontology, 30/6: 
1860–1873.

koenigswalD w.v. & kaltHoff, D. (2007): The enamel microstructure of molars and incisors of 
Paleogene and Neogene rodents from Mongolia. – In: Daxner-Höck, g. (ed.): Oligocene – 
Miocene Vertebrates from the Valley of Lakes (Central Mongolia): Morphology, phyloge-
netic and stratigraphic implications. – Annalen des Naturhistorischen Museums Wien, Serie 
A, 108: 291–312.

kowalski, k. (1974): Results of the Polish-Mongolian Palaeontological Expeditions. Part V. 
Middle Oligocene Rodents from Mongolia. – Palaeontologica Polonica, 30: 147–178.

kristkoiZ, a. (1992): Zahnmorpholoische und schädelanatomische Untersuchungen an Nage-
tieren aus dem Oberoligozän von Gaimersheim (Süddeutschland). – Abhandlungen der Bay-
erische Akademie der Wissenschaften mathematisch-naturwissenschaftliche Klasse, Neue 
Folge, 167: 1–137.

li, c.-k. & Qiu, Z.-D. (1980): Early Miocene mammalian fossils of Xining Basin, Quinghai. – 
Vertebrata PalAsiatica, 18/3: 198–214.

lopatin, a.v. (1999): New Early Miocene Zapodidae (Rodentia, Mammalia) from the Aral For-
mation of the Altynshokysu Locality (North Aral Region). – Paleontological Journal, 33/4: 
429–438.

lopatin, a.v. (2001): A New Species of Heterosminthus (Dipodidae, Rodentia, Mammalia) from 
the Miocene of the Baikal Region. – Paleontological Journal, 35/2: 200–203.

lopatin, a.v. & ZaZHigin, v. s. (2000): The History of Dipodidae (Rodentia, Mammalia) in the 
Miocene of Asia: 2. Zapodidae. – Paleontological Journal, 34/4: 449–454

luterBacHer, H.p. et al. (2004): The Paleogene Period. – In: graDstein, F.M., ogg, J.G. & 
smitH, A. (eds): A Geologic Time Scale 2004. – pp. 384–408, Cambridge (Cambridge Uni-
versity Press).

mc kenna, m.c. & Bell, s.k. (1997): Classification of Mammals above the Species Level. – 
631 pp., New York (Columbia University Press). 

©Naturhistorisches Museum Wien, download unter www.zobodat.at



Daxner-Höck et al.: Dipodidae from the Oligo-Miocene of Mongolia 213

meng, j., ye, j., wu, w.-y., yue, l.-p. & ni, x.-j. (2006): A recommended Boundary Stratotype 
section for Xiejian stage from Northern Junggar Basin: implications to related Bio-Chronos-
tratigraphy and Environmental Changes. – Vertebrata PalAsiatica 44/3: 205–236 [in Chinese 
with English summary].

meng, j., ye, j., wu, w.-y, ni, x.-j. & Bi, s.-D. (2013): A Single-Point Base Definition of the 
Xiejian Age as an Exemplar for Refining Chinese Land Mammal Ages. – In: wang, x.-m., 
flynn, l.j. & fortelius, m. (eds): Fossil Mammals of Asia: Neogene Biostratigraphy and 
Chronology – pp. 124–141, New York (Columbia University Press).

morlo, m. & nagel, D. (2002): New Didymoconidae (Mammalia) from the Oligocene of Cen-
tral Mongolia and first information on tooth eruption sequence of the family. – Neues Jahr-
buch für Geologie und Paläontologie, Abhandlungen, 223/1: 123–144.

morlo, m. & nagel, D. (2007): 7. The carnivore guild of the Taatsiin Gol area: Hyaenodontidae 
(Creodonta, Carnivora and Didymoconidae). – In: Daxner-Höck, g: (ed.): Oligocene–Mio-
cene Vertebrates from the Valley of Lakes (Central Mongolia). Morphology, phylogenetic 
and stratigraphic implications. – Annalen des Naturhistorischen Museums Wien, Serie A, 
108: 217–231.

nagel, D. & morlo, m. (2003): Guild structure of the carnivorous mammals (Creodonta, Car-
nivora) from the Taatsiin Gol area, Lower Oligocene of Central Mongolia. – Deinsea, 10: 
419–429.

neuBauer, t., HarZHauser, m., Daxner-Höck, g. & piller, w.e. (2013): New Data on the 
Terrestrial Gastropods from the Oligocene–Miocene Transition in the Valley of Lakes, Cen-
tral Mongolia. – Paleontological Journal, 47/4: 374–385.

russell, D.e. & ZHai, r. (1987): The Paleogene of Asia: mammals and stratigraphy. – Mémoires 
du Muséum National d’Histoire Naturelle, Scieces de la Terre, 55: 1–488.

scHauB, s. (1930): Fossile Sicistinae. – Eclogae Geologicea Helvetiae, 23/2: 616–636.
scHmiDt-kittler, n. vianey-liauD, m & marivaux, l. (2007): 6. Ctenodactylidae (Rodentia, 

Mammalia). – In: Daxner-Höck, g: (ed.): Oligocene–Miocene Vertebrates from the Valley 
of Lakes (Central Mongolia). Morphology, phylogenetic and stratigraphic implications. – 
Annalen des Naturhistorischen Museums Wien, Serie A, 108: 173–215.

sHevyreva, n.s. (1970): On the question of evolution in the Family Zapodidae (Dipodoidea, 
Rodentia, Mammalia). – In: Materials on the Evolution of Terrestrial vertebrates. – Nauka, 
pp. 85–90.

steininger, f.f. (1999): The Continental European Miocene. Chronostratigraphy, Geochronol-
ogy and Biochronology of the Miocene “European Land Mammal Mega-Zones” (ELMMZ) 
and the Miocene “Mammal-Zones (MN-Zones)”. – In: rössner, g.e. & Heissig, k. (eds): 
The Miocene Land Mammals of Europe. – pp. 9–38, München (Dr. Friedrich Pfeil).

stworZewicZ, e. (2007): 2. Molluscan fauna (Gastropoda, Pulmonata, Pupilloidea): a system-
atic review. – In: Daxner-Höck, g: (ed.): Oligocene–Miocene Vertebrates from the Valley 
of Lakes (Central Mongolia). Morphology, phylogenetic and stratigraphic implications. –
Annalen des Naturhistorischen Museums Wien, Serie A, 108: 25–41.

tong, y. (1997): Middle Eocene small mammals from the Linguanquiao Basin of Henan prov-
ince and Yanqua Basin of Shanxi province. Central China. – Paleontologica Sinica, C (26), 
186: 1–256 [in Chinese with English summary].

viret, j. (1926): Nouvelles observations relatives à la faune de rongeurs de Saint- Gérand-le-
Puy. – Comptes Rendus Académie des Sciences, 183: 72–73.

©Naturhistorisches Museum Wien, download unter www.zobodat.at



visloBokova, i. & Daxner-Höck, g. (2002): Oligocene – Early Miocene Ruminants from the 
Valley of Lakes (Central Mongolia). –Annalen des Naturhistorischen Museums Wien, Serie 
A, 103: 213–235.

wang, B.-y. (1985): Zapodidae (Rodentia, Mammalia) from the Lower Oligocene of Qujing, 
Yunnan, China. – Mainzer Geowissenschaftliche Mitteilungen, 14: 345–367.

wang, B.-y. (2003): Dipodidae (Rodentia, Mammalia) from the Middle Tertiary deposits in Dan-
ghe Area, Gansu, China. – Vertebrata PalAsiatica, 41/2: 89–103 [in Chinese with English 
summary].

wang, B.-y. (2009): On Tatalsminthus (Dipodidae, Rodentia). – Vertebrata PalAsiatica, 47/1: 
81–84 [in Chinese with English summary].

wang, B.-y. & Qiu Z.-x. (2000): Dipodidae (Rodentia, Mammalia) from the Lower Member 
of Xianshuihe Formation in Lanzhou Basin, Gansu, China. – Vertebrata PalAsiatica 38/1: 
10–35 [in Chinese with English summary].

wang, x.-m., wang, B.-y., Qiu Z.-x., xie, g., xie, j., will, D., Qiu, Z.-D. & Deng, t. (2003): 
Danghe area (western Gansu, China) biostratigraphy and implications for depositional his-
tory and tectonics of northern Tibetan Plateau. – Earth and Planetary Science Letters, 208: 
253–269.

ye, j., meng, j. & wu, w.-y. (2003): Oligocene/Miocene Beds and Faunas from Tieersihabahe 
in the Northern Junggar Basin of Xinjiang. – Bulletin of the American Museum of Natural 
History, 13/279: 568–585.

ZaZHigin, v.s. & lopatin, a.v. (2000): The History of the Dipodoidea (Rodentia, Mammalia) in 
the Miocene of Asia: 1. Heterosminthus (Lophocricetinae). – Paleontological Journal, 34/3: 
319–332.

ZHeng, s.-H. (1982): Middle Pliocene micromammals from the Tianzhu. Loc. 80007 (Gansu 
Province). – Vertebrata PalAsiatica, 20: 138–147 [in Chinese with English summary].

Ziegler, r. (1994): Rodentia (Mammalia) aus den oberoligozänen Spaltenfüllungen Herrlingen 
8 und Herrlingen 9 bei Ulm (Baden-Württemberg). – Stuttgarter Beiträge zur Naturkunde. 
B, 196: 1–81.

Ziegler, r., DaHlmann, t. & storcH, g. (2007): 4. Marsupialia, Erinaceomorpha and Sori-
comorpha. – In: Daxner-Höck, g. (ed.): Oligocene–Miocene Vertebrates from the Valley 
of Lakes (Central Mongolia). Morphology, phylogenetic and stratigraphic implications. – 
Annalen des Naturhistorischen Museums Wien, Serie A, 108: 53–164

214 Annalen des Naturhistorischen Museums in Wien, Serie A, 116

©Naturhistorisches Museum Wien, download unter www.zobodat.at


