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ABSTRACT

Our study of the large and medium-sized species of Yindirtemys from the Valley of
Lakes in Mongolia yielded three species: Yindirtemys deflexus, Y. suni and Y. birgeri.
They differ in size and dental morphology. Yindirtemys suni is the largest and Y. birgeri
the smallest species. Yindirtemys deflexus and Y. suni increase in body size but do not
change dental morphology within their time range. The medium-sized Yindirtemys
birgeri co-occurs in Mongolia with Y. deflexus in the late Oligocene (biozone C1) and is
the easternmost occurrence of the species so far. Hitherto, Y. birgeri has been
recorded from the Aral region in Kazakhstan only. Both Yindirtemys deflexus and Y.
suni are used as biostratigraphic markers. Yindirtemys deflexus is a “key fossil” of the
Chinese Land Mammal Age Tabenbulukian and for the Mongolian biozone C1; the lat-
ter correlates with the Oligocene. Yindirtemys suni is one of the “key fossils” of the Chi-
nese Land Mammal Age Xiejian. In Mongolia the species ranges from the Oligocene-
Miocene transition (biozone C1-D) to the earliest Miocene (biozone D). The wide geo-
graphic range of Yindirtemys in the Oligocene of Asia suggests that no major physical
barriers hampered mammal distribution between Kazakhstan, Mongolia and northern
China, but local paleoecological and climatic conditions might have influenced mam-
mal community structures in these areas.
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INTRODUCTION

The rodent family Ctenodactylidae is charac-
terized by the combination of a hystricomorphous
skull, a sciurognathous mandible, a well-developed
lower masseteric crest, and incisor enamel with
multiserial microstructure (Wang, 1997). This fam-
ily has its first occurrence in Asia during the
Eocene; it diversified and became one of the domi-
nant rodent groups during the Oligocene. In the
early Miocene, most members of the family
became extinct (Wang, 1994). Only the subfamily
Ctenodactylinae survived, diversified and spread
into the Indian subcontinent, the Middle East, some
Mediterranean islands and North Africa. Today,
four genera and five species of the subfamily
inhabit North Africa. 

Ctenodactylids are excellent biostratigraphic
markers and are useful tools for paleobiogeogra-
phy and paleoenvironmental reconstructions (Ben-
dukidze et al., 2009; Vianey-Liaud et al., 2010;
Gomes Rodrigues et al., 2012); their fossil rich-
ness, high diversity and rapid evolution made them
“key fossils” for biostratigraphy of the Paleogene in
Asia (Bohlin, 1946; Kowalski, 1974; Li and Qiu,
1980; Huang, 1985; Wang, 1997; Höck et al.,
1999; Vianey-Liaud et al., 2006; Daxner-Höck and
Badamgarav, 2007; Daxner-Höck et al., 2010,
2015).

The present study is a revision and descrip-
tion of the larger-sized Yindirtemys species, which

are characteristic of the Oligocene and early Mio-
cene of Mongolia. It is based on new and already
known fossil material from the Valley of Lakes
(Mongolia) and describes the temporal and geo-
graphic distribution of Yindirtemys in Asia.

The study area is the Taatsiin Gol and Taatsiin
Tsagaan Nuur region, a part of the Valley of Lakes
in Central Mongolia (Figure 1). The fossils exam-
ined in this study were collected from 30 layers of
10 sections and localities. The excavations were
conducted during eight field seasons within the
Mongolian-Austrian joint projects between 1995
and 2012. 

MATERIAL AND METHODS

We studied and redescribed the Ctenodactyli-
dae material from the collections of the years 1995
to 1997, previously described by Schmidt-Kittler et
al. (2007), as well as new fossils collected between
2001 and 2011.

The dental terminology of Yindirtemys (Figure
2) is modified after Wang (1997) and Vianey-Liaud
et al. (2006). Notation M and m is used for upper
and lower molars, respectively. The photographs of
the occlusal surface of cheek teeth were made with
a Scanning Electron Microscope Philips XL 30 at
the Core Facility of Cell Imaging and Ultrastructure
Research (CIUS) EM LAB, Faculty of Life Sci-
ences, University Vienna (Austria) and with a
Scanning Electron Microscope Fei, model Quanta

FIGURE 1. Map of Mongolia, showing the location of the working area in the Valley of Lakes (Modified from Map of
Mongolia by Cartography Co. Ltd, Ulan Bator, Mongolia).
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200 at the National Museum of Natural Sciences-
Spanish National Research Council (Madrid,
Spain). The morphological analyses are listed in
comparative tables (Appendix 1 and 2, description
of character states and distribution of character
states). Abbreviations of mammal assemblages
and section/fossil points are included in Table 1.

Measurements were taken using Discovery
V20 and Carl Zeiss software Axiocam MRc5 and
are given in millimeters. Length and width repre-

sent the maximum antero-posterior and labio-lin-
gual distances, respectively, taken perpendicular to
each other.

The descriptive statistics were calculated in
SPSS version 15.0.1 (SPSS, 2006) and included in
Tables 2, 3, 4, and 5. To test significant differences
among fossil assemblages, we carried out analysis
of variance (One-Way ANOVA). Previous to the
ANOVA, Levene’s test was calculated to check for
homogeneity of variance. In case of significant

FIGURE 2. Dental terminology of the upper and lower cheek teeth of Yindirtemys deflexus. Terminology after Vianey-
Liaud et al. (2006) and Wang (1997). Illustration modified from Schmidt-Kittler et al. (2007). 
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ANOVA, post hoc tests were performed (Tukey’s
significant difference and Hochberg’s GT2 when
equal variances are assumed; and Games-Howell
when not). All analyses were accomplished using
exclusively localities with sample sizes larger than
four specimens. The statistical analyses were done
using SPSS version 15.0.1 (SPSS, 2006). 

The specimens described and figured are
integrated in the collections of the Natural History
Museum in Vienna (Austria) abbreviated as
NHMW. 

GEOLOGICAL SETTING

The Valley of Lakes is part of the Pre-Altai
depressions and is situated between the Gobi Altai
Mountains in the south and the Khangai Mountains
in the north (Figure 1). This wide depression of
approximately 500 km in W-E direction is filled
above a Proterozoic to Paleozoic basement with
terrestrial sediments, ranging in age from the Cre-
taceous to the Quaternary. In the Taatsiin Gol and
Taatsiin Tsagaan Nuur area, at an eastern longi-
tude of 101° to 102° and a northern latitude of 45°
to 46°, the Cenozoic sediment sequence of the
Hsanda Gol and Loh Fms is associated with
basalts. 40Ar/39Ar datings of the basalt flows define

TABLE 1. Abbreviations of mammal assemblages including the biozone, the section/fossil point and the locality name.

Assemblage/fossil layer Biozone Section/fossil point Locality name

LOH-C/1 C1 LOH-C Loh

IKH-A/5 C1 IKH-A Ikh Argalatyn Nuru

IKH-B/5 C1 IKH-B Ikh Argalatyn Nuru

DEL-B/12 C1 DEL-B Del

TGW-A/surface C1 TGW-A Toglorhoi 

TGW-A/5 C1 TGW-A Toglorhoi

TGW-A/3+4 C1 TGW-A Toglorhoi

TGS/surface C1 TGS Toglorhoi (south)

TAT-W/top C1 TAT Tatatal Gol

TAT-043 C1 TAT-E Tatal Gol

TAT-051/2 C1 TAT Tatal Gol

TAT-052/1 C1 TAT Tatal Gol

TAT-042 C1 TAT Tatal Gol

TAT-E/22 C1 TAT-E Tatal Gol

TAT-E/27 C1 TAT-E Tatal Gol

TAT-E/32 C1-D TAT-E Tatal Gol

RHN-A/7 C1 RHN-A Huch Teeg

RHN-023 C1 RHN Huch Teeg

HTSE-009+013 C1 HTSE Hotuliin Teeg (southeast)

HTSE-009/1 C1 HTSE Hotuliin Teeg (southeast)

HTSE-009/2 C1 HTSE Hotuliin Teeg (southeast)

HTSE-009/3 C1 HTSE Hotuliin Teeg (southeast)

HTSE-010 C1 HTSE Hotuliin Teeg (southeast)

HTSE-013/5 C1 HTSE Hotuliin Teeg (southeast)

HTE-057 C1 HTE Hotuliin Teeg (east)

HTS-011/1 (=HTS-056/1+2) C1-D HTS Hotuliin Teeg (south)

HTS-012 (=HTS-056/3) C1-D HTS Hotuliin Teeg (south)

HTE-009 D HTE Hotuliin Teeg (east)

HTE-008 D HTE Hotuliin Teeg (east)

HTE-014-018 D HTE Hotuliin Teeg (east)

UNCH-A/3+4 D UNCH-A Unkheltseg
4
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TABLE 2. Descriptive statistics of the upper molars of Yindirtemys deflexus from the Valley of Lakes (Mongolia). Abbre-
viations: T.N., total number of teeth; N., number of teeth measured; min, minimum; max, maximum, δ, standard devia-

tion. For abbreviations of assemblages see Table 1.

Length Width

Locality Element T.N. N. min mean max σ N. min mean max σ
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HTE-057 DP4 2 1 3.33 1 2.33

RHN-023 DP4 1 1 2.55

RHN-A/7 DP4 1 1 3.43 1 2.54

HTS-011/1+2 P4 4 1 2.86 1 3.49

HTE-057 P4 1 1 2.83 1 3.62

HTSE-013/5 P4 1 1 2.91 1 3.42

HTSE-009+013 P4 7 6 2.55 2.87 3.27 0.300 7 3.07 3.37 3.74 0.290

RHN-023 P4 4 3 2.80 3.00 3.19 4 3.31 3.44 3.54 0.100

RHN-A/7 P4 12 9 2.85 3.10 3.30 0.160 9 3.26 3.66 3.94 0.200

TAT-043 P4 2 2 2.91 3.44 2 3.42 3.95

TGW-A/5 P4 4 2 2.62 2.93 2 3.35 3.56

TGW-A/surface P4 7 5 2.51 2.81 3.10 0.270 4 3.52 3.59 3.71 0.080

DEL-B/12 P4 3 1 2.68 1 3.45

IKH-A/5 P4 1 1 2.76 1 3.42

LOH-C/1 P4 4 4 3.11 3.24 3.42 4 3.61 3.77 3.92

HTS-011/1+2 M1 2 1 3.93 1 2.77

HTE-057 M1 2 2 3.66 4.03 2 3.13 3.32

HTSE-009+013 M1 6 1 2.97

RHN-023 M1 8 5 3.57 3.76 3.99 0.170 5 2.98 3.24 3.48 0.210

RHN-A/7 M1 2 1 3.52

TAT-E/22 M1 1 1 4.34 1 3.39

TAT-043 M1 3 1 4.10 1 3.34

TGW-A/surface M1 8 2 3.63 3.64 2 3.13 3.37

DEL-B/12 M1 5 1 3.73 2 3.31 3.40

LOH-C/1 M1 2 1 4.52 1 3.52

HTS-011/1+2 M2 3 2 3.99 4.05 3 3.13 3.27 3.34

HTE-057 M2 2 2 3.99 5.08 2 3.32 4.01

HTSE-010 M2 1 1 4.72 1 4.18

HTSE-009+013 M2 5 4 4.24 4.41 4.50 0.120 5 3.71 3.83 3.98 0.130

RHN-023 M2 7 5 3.88 4.29 4.71 0.380 5 3.55 3.73 3.98 0.180

RHN-A/7 M2 6 3 4.65 4.68 4.71 4 3.74 4.01 4.27 0.240

TAT-052/1 M2 2 1 5.16 1 4.60

TAT-043 M2 1 1 5.44 1 4.60

TGW-A/5 M2 4 4 4.05 4.43 4.99 0.420 2 3.46 4.21

TGW-A/surface M2 9 5 4.38 4.62 4.99 0.240 4 3.78 3.95 4.14 0.180

DEL-B/12 M2 10 4 4.12 4.29 4.41 0.120 3 3.31 3.70 3.91

IKH-A/5 M2 5 3 4.46 4.60 4.73 2 3.87 4.15

LOH-C/1 M2 1 1 5.16
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at least two groups of Oligocene basalts (basalt I:
31.5 m.y.; basalt II: 27-28 m.y.) and a middle Mio-
cene basalt (basalt III: ~13 m.y.) (Daxner-Höck et
al., 1997; Höck et al., 1999). In this area the
exposed sediment sequence of the Hsanda Gol
and Loh formations is locally very rich in Oligocene
and Miocene fossils. It forms the biological basis
for the biozonation (Daxner-Höck et al., 1997;
Höck et al., 1999) and updates the Mongolian bio-
zones (Daxner-Höck and Badamgarav, 2007; Dax-
ner-Höck et al., 2010, 2014, 2015). 

Our study focuses on the late Oligocene (bio-
zones C and C1), the Oligocene-Miocene transition
(biozone C1-D), and the earliest Miocene (biozone
D). In the sections Abzag Ovo (ABO-A) and Unzing
Khurem (TAR-A), fossils which characterize bio-
zone C were recovered below basalt II (132/97
ABO: 27.0 + 0.9 M.y.) and above basalt II (M56/96
TAR: 27.4 + 0.4 M.y.). Accordingly, the age of the
assemblages of biozone C is late Oligocene (Dax-
ner-Höck et al., 2010, 2014, 2015). From several
sections (Tatal Gol, Toglorhoi, Ikh Argalatyn Nuru,
Huch Teeg) biozone C1 faunas are known immedi-
ately above biozone C, and biozone C1-D above
biozone C1. In Hotuliin Teeg, biozones C1 and C1-
D are topped by biozone D. The Mongolian bio-
zones C1 and C1-D correlate biostratigraphically
with the Chinese Mammal Age Tabenbulukian (late
late Oligocene), and biozone D with the Xieijan
(early Miocene) (Figure 3).

SYSTEMATIC PALAEONTOLOGY

Order RODENTIA Bowdich, 1821
Family CTENODACTYLIDAE Zittel, 1893

Subfamily TATAROMYINAE Lavocat, 1961
Genus YINDIRTEMYS Bohlin, 1946

Type Species. Yindirtemys grangeri Bohlin, 1946

Yindirtemys deflexus (Teilhard de Chardin, 1926)
Figures 4.1-18, 5.1-21

1926 Tataromys deflexus Teilhard de Chardin, p.
28, p.31, fig. 15B; pl. IV, fig. 3.

1942 Tataromys deflexus Teilhard de Chardin and
Leroy, p. 25, 89.

1946 Tataromys Bohlin, p. 95.

1951 Tataromys deflexus Stehlin and Schaub, p.
125, fig. 181. 

1951 Tataromys sp. Stehlin and Schaub, p. 289,
fig. 496.

1958 Tataromys sp. Schaub, p. 781, fig. 211. 

1968 Tataromys deflexus Mellett, p. 6, 10.

1974 Tataromys deflexus Kowalski, p. 160-161, pl.
XLVII, fig. 1. 

1974 Tataromys gobiensis Kowalski, p. 162.

1981 Tataromys deflexus Wang, Chang, Meng,
and Chen, p. 29.

1993 Yindirtemys sajakensis Bendukidze, p. 60-
63, pl. 20, figs 2, 3, 4, 5, 6, 7; pl. 21. 

1994 Yindirtemys deflexus Wang, p. 37, figs 2a, b.

1997 Yindirtemys deflexus Wang, p. 30-34.

1997 Yindirtemys gobiensis Wang, p. 34-35.

1997 Yindirtemys sajakensis Bendukidze, p. 207. 
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HTS-011/1+2 M3 2 1 5.04 1 4.89

HTE-057 M3 2 1 5.15 1 4.50

HTSE-009/1 M3 2 1 4.20

HTSE-009+013 M3 9 9 4.51 4.91 5.84 0.430 8 4.18 4.43 4.83 0.200

RHN-023 M3 2 2 4.80 5.26 2 3.94 4.09

RHN-A/7 M3 6 6 4.79 5.07 5.38 0.220 6 4.06 4.42 4.74 0.230

TAT-E/27 M3 1 1 5.44 1 4.36

TAT-052/1 M3 2 2 4.75 5.81 2 4.52 4.85

TAT-043 M3 3 3 5.19 5.45 5.70 3 4.45 4.69 4.82

TGW-A/5 M3 2 2 4.69 4.87 2 3.94 4.03

TGW-A/surface M3 6 4 4.48 4.58 4.68 0.090 4 4.01 4.06 4.11 0.040

DEL-B/12 M3 7 5 4.24 4.65 5.02 0.290 4 3.93 4.13 4.34 0.190

IKH-A/5 M3 2 2 4.69 4.95 2 3.92 4.40

LOH-C/1 M3 4 3 5.11 5.26 5.57 3 4.30 4.54 4.68

Length Width

Locality Element T.N. N. min mean max σ N. min mean max σ

TABLE 2 (continued).
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1999 Yindirtemys deflexus Höck, Daxner-Höck,
Schmid, Badamgarav, Frank, Furtmüller,
Montag, Barsbold, Khand, and Sodov, p.
116-118. 

2004 Yindirtemys sajakensis Lopatin, p. 298.

2006 Yindirtemys deflexus Vianey-Liaud, Schmidt-
Kittler, and Marivaux, p. 164-165, 190-191.

2007 Yindirtemys deflexus Schmidt-Kittler,
Vianey-Liaud and Marivaux, p. 191-201. 

2007 Yindirtemys deflexus Daxner-Höck and
Badamgarav, p. 15-16, 18. 

2009 Yindirtemys deflexus Bendukidze, de Bruijn,
and Van den Hoek Ostende, p. 351-352,
356, 368-369. 

2010 Yindirtemys deflexus Daxner-Höck,
Badamgarav, and Erbajeva p. 358, 362-363,
fig. 6.1-6.2. 

2014 Yindirtemys deflexus Gomes Rodrigues,
Marivaux, and Vianey-Liaud p. 7.

Holotype. Fragment of a right maxilla with M2 and
M3. Teilhard de Chardin (1926: figure 15B).
Type Locality. Saint Jacques (Inner Mongolia,
China).
Material and Measurements. Tables 2 and 3.
Stratigraphic Range in Mongolia. Upper part of
the late Oligocene, Mongolian biozone C1; Hsanda
Gol and Loh formations.
Geographic Distribution. Valley of Lakes (Mon-
golia), North Aral region (Kazakhstan), Gansu

TABLE 3. Descriptive statistics of the lower molars of Yindirtemys deflexus from the Valley of Lakes (Mongolia). Abbre-
viations: T.N., total number of teeth; N., number of teeth measured; min, minimum; max, maximum, δ, standard devia-

tion. For abbreviations of assemblages see Table 1.

Length Width

Locality Element T.N. N. min mean max σ N. min mean max σ
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RHN-A/7 dp4 3 2 3.16 3.52 2 1.87 2.03

LOH-C/1 dp4 1 1 4.00 1 2.30

HTS-011/1+2 p4 1 1 2.95 1 2.47

HTSE-009/2 p4 2 1 2.64 2 2.32 2.53

HTSE-009+013 p4 1 1 3.14 1 2.77

RHN-023 p4 6 2 2.93 3.02 4 2.41 2.51 2.61 0.090

RHN-A/7 p4 6 3 2.89 2.95 3.00 5 2.25 2.44 2.73 0.180

TAT-052/1 p4 3 3 2.21 2.62 2.86

TAT-051/2 p4 2 1 2.66 2 2.07 2.38

TAT-043 p4 1 1 3.01 1 2.58

TGW-A/5 p4 1 1 2.75

TGW-A/surface p4 2 2 2.31 2.32

DEL-B/12 p4 9 6 2.85 2.89 2.98 0.060 8 2.31 2.43 2.54 0.090

IKH-B/5 p4 2 1 2.66

LOH-C/1 p4 2 1 2.61

HTS-011/1+2 m1 3 1 4.01 2 2.61 2.75

HTE-057 m1 1 1 3.66 1 2.53

HTSE-009/2 m1 1 1 3.39 1 2.47

HTSE-009+013 m1 4 2 3.96 4.19 2 2.85 2.87

RHN-023 m1 5 4 3.72 4.01 4.34 0.270 4 2.58 2.79 3.07 0.230

RHN-A/7 m1 8 5 3.58 3.93 4.39 0.340 6 2.48 2.76 3.09 0.230

TAT-051/2 m1 2 1 3.46 2 2.21 2.57

TAT-043 m1 1 1 3.03

TAT-W/Top m1 2 1 4.20 1 2.95

TGW-A/5 m1 1 1 4.83 1 3.15

IKH-B/5 m1 2 2 3.79 3.97

IKH-A/5 m1 1 1 2.62
7
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TABLE 3 (continued).
province (China), Ulantatal area and Saint Jacques
(Inner Mongolia, China).
Description. The description of Yindirtemys
deflexus is based on the very rich material from the
locality Huch Teeg (RHN-A/7) in Mongolia.
P4. The labial anteroloph is incipient (one out of 10
specimens), short (seven out of 10) or medium
(two out of 10). The lingual anteroloph is short in
one, incipient in three, and absent in six speci-
mens. Out of 10 specimens, the labial posteroloph
is short in six, medium in three, and long and con-
nected to the paracone in one. The labial crest of
the metaloph is long and connected to the posterol-
oph (four out of 10), or there is a double crest (six

out of 10). The lingual posteroloph is incipient in
one specimen, short in one, and long and con-
nected to the protocone in seven specimens. The
lingual crest of the metaloph is short (one out of
nine specimens), or it is long and connected to the
posteroloph (eight out of nine) (Figures 4.9-11).
M1. There are only two teeth, M1s, of which one is
heavily worn. In the less worn specimen the labial
anteroloph is of medium length. The lingual anter-
oloph is absent. There is an incipient forward
paracone spur. The protoloph is anterior and trans-
versely directed to the protocone. 
M2. The labial anteroloph is short (one out of four),
medium (one out of four), or it is connected to the
Y
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HTS-011/1+2 m2 1 1 4.47 1 3.23

HTE-057 m2 4 1 5.48 3 3.52 3.70 4.05

HTSE-009/2 m2 1 1 4.55 1 3.25 3.25

HTSE-009+013 m2 7 3 4.74 5.01 5.30 5 3.31 3.57 3.80 0.220

RHN-023 m2 4 4 4.35 4.91 5.28 0.400 4 3.15 3.48 3.70 0.240

RHN-A/7 m2 13 8 4.55 4.97 5.37 0.240 11 3.03 3.53 3.93 0.260

TAT-052/1 m2 3 2 3.50 4.25

TAT-051/2 m2 3 1 5.43 2 3.33 3.81

TAT-043 m2 1 1 3.91

TAT-W/Top m2 1 1 3.95

TGS m2 1 5.25

TGW-A/5 m2 3 5.55 3 4.04 4.08 4.13

TGW-A/surface m2 2 1 3.39

DEL-B/12 m2 6 4 4.74 4.95 5.43 0.320 5 3.08 3.39 3.70 0.240

IKH-B/5 m2 2 2 4.36 4.77

IKH-A/5 m2 1 1 3.48

LOH-C/1 m2 5 5.58 1 4.15

HTS-011/1+2 m3 2 1 5.60 1 3.69

HTE-057 m3 1 1 6.08 1 4.08

HTSE-009/3 m3 1 1 5.36

HTSE-009/2 m3 1 1 4.99 1 3.35

HTSE-009+013 m3 2 2 5.52 5.69 2 3.59 3.89

RHN-023 m3 3 1 6.35 2 3.91 4.16

RHN-A/7 m3 9 6 5.90 6.20 6.45 0.210 7 3.76 3.99 4.27 0.160

TAT-051/2 m3 1 1 3.61

TAT-043 m3 1 1 6.11 1 4.06

DEL-B/12 m3 16 12 5.03 5.48 5.90 0.270 12 3.45 3.68 3.97 0.140

IKH-B/5 m3 2 1 5.11

IKH-A/5 m3 3 1 5.02 3 3.25 3.51 3.76

LOH-C/1 m3 5 2 6.16 6.73 3 4.27 4.49 4.62

Length Width

Locality Element T.N. N. min mean max σ N. min mean max σ
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paracone (two out of four). The lingual anteroloph
is absent (four out of four). A forward paracone
spur is connected to the labial anteroloph in three
(out of five) specimens. The protoloph is anterior
(four out of four) and runs proverse in two speci-
mens and runs transverse in the remaining two. In
one out of four, there is a short and wide crochet, in
the remaining three the anticrochet is connected to
the posteroloph. The metaloph is transverse (two
out of four) or points backwards (two out of four),
and it is transversely directed in one and proverse
in three specimens (Figure 4.13).
M3. The labial anteroloph is connected to the
paracone in three specimens and is of medium
length in two teeth. The lingual anteroloph is incipi-
ent in two and absent in three specimens. The
anterior groove is always retroverse, and it is deep
(three out of five specimens) or shallow (two out of
five). A forward paracone spur is connected to the

labial anteroloph in one out of five specimens. The
protoloph is anterior in four specimens and double
in one. It is transversely directed in three and
proverse in the remaining two. In one out of five,
there is an incipient crochet, in two the crochet is
well developed, and in the remaining two there is a
deflexus structure and anticrochet. The sinus is ret-
roverse (two out of six specimens), transverse (two
out of six) or proverse, (two out of six) and always
deep. The metaloph is transverse (three out of five)
or points backwards (two out of five), and it is
transversely directed in one specimen and
proverse in four. The morphology of the teeth is
swollen and bulky (three out of five) or the teeth are
straighter, like M2 (two out of five) (Figure 4.5-7,
4.12).
DP4. There is only one specimen. The labial anter-
oloph is short. The lingual anteroloph is absent.
There is an incipient anterior paracone spur. The

TABLE 4. Descriptive statistics of the upper and lower molars of Yindirtemys suni from the Valley of Lakes (Mongolia)
and the holotype from the Xiejia Formation of Xiejia, Quinghai (IVPP V 5992). Abbreviations: T.N., total number of
teeth; N., number of teeth measured; min, minimum; max, maximum, δ, standard deviation. For abbreviations of
assemblages see Table 1. 

Length Width

Locality Element T.N. N. min mean max σ N. min mean max σ

Y
in

di
rt

em
ys

 s
un

i

HTE-14-18 P4 2 2 3.74 4.44 2 4.62 4.98

HTE-008 2 2 3.63 3.87 2 4.42 4.65

HTE-009 1 1 4.11 1 4.33

IVPP V 5992 (Type) 1 3.16 1 3.45

HTE-009 M1 3 1 4.65 1 4.24

IVPP V 5992 (Type) 1 3.76 1 3.56

HTE-14-18 M2 2 1 5.35 2 4.86 5.43

HTE-009 4 3 5.74 5.87 6.01 3 4.87 5.12 5.33

HTS-012 1 1 5.00

IVPP V 5992 (Type) 1 5.15 1 4.30

HTE-14-18 M3 4 4 5.66 6.32 7.11 0.610 4 4.85 5.35 5.81 0.510

HTE-008 2 2 6.24 6.27 2 5.64 5.92

HTE-009 3 3 6.25 6.34 6.49 2 5.50 5.57

HTS-012 1 1 4.96 1 4.79

IVPP V 5992 (Type) 1 6.30 1 5.10

HTE-14-18 dp4 1 1 4.14

HTE-008 p4 1 1 3.78 1 3.19

HTE-14-18 m1 3 2 5.07 5.43 2 3.67 3.99

HTE-14-18 m2 3 2 6.57 6.60 2 5.07 5.08

HTE-008 2 1 5.78 2 4.53 4.56

HTE-14-18 m3 2 2 8.18 8.37 2 5.47 5.80

HTE-008 1 1 6.21 1 4.58

HTE-009 4 3 7.36 7.55 7.68 3 4.93 5.02 5.13
9
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TABLE 5. Descriptive statistics of the upper and lower molars of Yindirtemys birgeri from the Aral Formation (Kazakh-
stan) and the locality Tatal Gol (TAT-051/2; 2012/0060/0001) in the Valley of Lakes (Mongolia). Abbreviations: T.N.,
total number of teeth; N., number of teeth measured; min, minimum; max, maximum, δ, standard deviation. The data
on Y. birgeri from the Aral Formation are from Bendukidze et al. (2009).

Length Width

Country Element N. min mean max σ N. min mean max σ

Yindirteys 
birgeri

P4 6 2.3 2.47 2.5 0.08 6 2.75 2.9 3 0.12

M1 3 2.87 2.96 3 0.08 3 2.37 2.42 2.5 0.07

M2 6 3.5 3.59 3.7 0.08 6 2.87 3.14 3.37 0.19

Aral Formation M3 7 3.62 3.91 4.12 0.19 7 2.5 3.23 3.5 0.38

(Kazakhstan) p4 6 2.2 2.41 2.75 0.19 6 1.85 2.03 2.2 0.16

m1 2 3.1 3.18 3.25 0.11 2 2 2.2 2.4 0.28

m2 3 3.95 4.28 4.5 0.29 3 2.6 2.8 2.9 0.17

m3 5 4.8 4.88 5 0.08 5 3 3.09 3.25 0.1

P4 2 2.53 2.54 2 2.99 3.02

TAT-051/2 Valley of Lakes M2 1 3.31 2 3.25 3.26

 2012/0060/0001 (Mongolia) M3 2 3.35 3.75 2 3.48 3.52

FIGURE 3. Stratigraphic ranges of the Yindirtemys species from the Valley of Lakes (Mongolia). Stratigraphic chart
(modified from Daxner-Höck et al., 2015) including the geological time scale (Gradstein et al., 2004), basalt ages and
Mongolian biozones A - D (Höck et al., 1999), the lower boundary of the Xiejian Chinese Mammal Age after Meng et
al. (2006).
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protoloph is anteriorly extended from the protocone
and is connected to the anterocone. An anticrochet
is connected to the posteroloph. The metaloph
points backwards (Figure 4.8).
p4. The anterior sinusoid is always triangular and
in three out of five bears a strong central furrow.
The hypoconid is present in two and absent in
three specimens. The hypolophid is present (three
out of five specimens), double (one out of five), or

absent (one out of five). In one out of four there is a
hypoconulid (Figure 5.10, 5.12-13).
m1. The anterior cingulid is short in three speci-
mens and long in four. In all specimens the metalo-
phid I is well connected to the protoconid. The
mesolophid is connected to the metaconid (six out
of six specimens). The sinusid is M-shaped. The
hypoconulid is always present (seven out of
seven). The hypolophid is connected to the ante-
rior arm of the hypoconid (four out of five) or is

FIGURE 4. Upper molars of Yindirtemys deflexus from the Valley of Lakes (Mongolia). Nos. 1-18. From Loh: 1) LOH-C/
1-NHMW 2006./0083/0002 P4-M3 left; 2) LOH-C/1-NHMW 2006/0083/0007 M3 right. From Del: 3) DEL-B/12-NHMW
2006/0089/0006 M2 right; 4) DEL-B/12-NHMW 2006/0089/0033 M1 left. From Huch Teeg: 5) RHN-A/7-NHMW 2006/
0090/0009 M3 right; 6) RHN-A/7-NHMW 2006/0090/0010 M3 left; 7) RHN-A/7-NHMW 2006/0090/0012 M3 left; 8)
RHN-A/7-NHMW 2006/0090/0015 DP4 right; 9) RHN-A/7-NHMW 2006/0090/0039 P4 left; 10) RHN-A/7-NHMW 2006/
0090/0045 P4 right; 11) RHN-A/7-NHMW 2006/0090/0047 P4 right; 12) RHN-A/7-NHMW 2006/0090/0052 M3 right;
13) RHN-A/7-NHMW 2006/0090/0053 M2 right. From Toglorhoi: 14) TGW-A/surface –NHMW 2006/0086/0005 Com-
plete maxilla. From Tatal Gol: 15) TAT-043-NHMW 2012/0034/0005 M2-M3 right. From Huch Teeg: 16) RHN-023-
NHMW 2012/0038/0014 M1 right. From Hotuliin Teeg: 17) HTSE-009+013-NHMW 2012/0039/0015 M2-M3 right; 18)
HTE-057-NHMW 2012/0045/0002 DP4 left. All teeth same magnification. Scale bar equals 1 mm.
11
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directly connected to the hypconid (one out of five)
(Figure 5.10).
m2. The anterior cingulid is short (two out of 11
specimens) or long (nine out of 11). The metalo-
phid I is well connected to the protoconid in all the
specimens. The mesolophid is connected to the
metaconid in 10 specimens, is medium long in one
and short in one. The sinusid is M-shaped. In 11
out of 12 specimens the hypoconulid is present;
the remaining specimen bears two hypoconulids.
The hypolophid is always connected to the anterior
arm of the hypoconid (Figure 5.10, 5.15, 5.17).
m3. The anterior cingulid is short in two specimens
and long in four. The metalophid I is well connected

to the protoconid. The mesolophid is long and con-
nected to the metaconid (seven out of eight speci-
mens) or is short (one out of eight). The sinusid is
M-shaped. The hypoconulid is always present. In
all specimens the hypolophid is connected to the
anterior arm of the hypoconid (Figure 5.10, 5.16-
17).
dp4. The anterior cingulid is short (one out of two
specimens) or long (one out of two). The metalo-
phid I is connected to the protoconid. The trigonid
basin is wide, shallow, and it is close. The mesolo-
phid is long and connected to the metaconid. The
sinusid is M-shaped in one specimen and cres-
cent-shaped in the other. In one specimen there is

FIGURE 5. Lower molars of Yindirtemys deflexus from the Valley of Lakes (Mongolia). Nos. 1-21. From Loh: 1) LOH-
C/1-NHMW 2006/0083/0015 dp4 right. From Ikh Argalatyn Nuru: 2) IKH-A/5-NHMW 2009/0148/0011 m1 left. From
Del: 3) DEL-B/12-NHMW 2006/0089/0001 m2-m3 left; 4) DEL-B/12-NHMW 2006/0089/0002 m3 right; 5) DEL-B/12-
NHMW 2006/0089/0018 p4 right; 6) DEL-B/12-NHMW 2006./0089/0025 m2 left; 7) DEL-B/12-NHMW 2006/0089/
00027 m3 left; 8) DEL-B/12-NHMW 2006/0089/0029 m3 left; 9) DEL-B/12-NHMW 2006/0089/0041 m3 right. From
Huch Teeg: 10) RHN-A/7-NHMW 2006/0090/0001 p4-m3 left; 11) RHN-A/7-NHMW 2006/0090/0004 dp4 left; 12)
RHN-A/7-NHMW 2006/0090/0005 p4 left; 13) RHN-A/7-NHMW 2006/0090/0019 p4 right; 14) RHN-A/7-NHMW 2006/
0090/0021 dp4 right; 15) RHN-A/7- NHMW 2006/0090/0031 m2 right; 16) RHN-A/7- NHMW 2006/0090/0032 m3 right;
17) RHN-A/7-NHMW 2006/0090/0037 m2-m3 left. From Tatal Gol: 18) TAT-051/2-NHMW 2012/0035/0005 m1 right.
From Huch Teeg: 19) RHN-023-NHMW 2012/0038/0023 m2 left; 20) RHN-023-NHMW 2012/0038/0027 m1 right.
From Hotuliin Teeg: 21) HTSE-009+013-NHMW 2012/0039/0020 m1 left. All teeth same magnification. Scale bar: 1
mm.
12
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an incipient stylid in the sinusid. The hypoconulid is
always present. In one out of two specimens there
is a stylid in the hypoconulid (Figure 5.11, 5.14).
Remarks. The Yindirtemys material from the Val-
ley of Lakes does not differ from the holotype of
Yindirtemys deflexus from Saint Jacques (Teilhard
de Chardin, 1926) and also resembles the speci-
mens of Y. deflexus from the Ulantatal area
(Vianey-Liaud et al., 2006).

Yindirtemys suni (Li and Qiu, 1980).
Figure 6.1-6.12

1980 Tataromyssuni Li and Qiu, p. 205-206, 212,
fig. 7; pl. I, fig. 3. 

1981 Tataromyssuni Wang, Chang, Meng, and
Chen, p. 27, 29, 34.

1988 Tataromyssuni Qiu and Gu, p. 204-206, 211,
pl. II, figs 1, 2, 3, 4, 10.

1994 Yindirtemys suni Wang, p. 37. 

1997 Yindirtemys suni Wang, p. 35-37.

2007 Yindirtemys deflexus (pro-parte) Schmidt-
Kittler, Vianey-Liaud, and Marivaux, p. 191-
201.

2007 Yindirtemys suni Daxner-Höck and
Badamgarav, p. 16, 18. 

Holotype. Right maxilla with P4-M3. Li and Qiu,
(1980: fig. 7; pl. I, fig. 3).
Type Locality. Xiejia (Xining Basin, Qinghai,
China).
Material and Measurements. Table 4. 
Stratigraphic Range in Mongolia. The Oligo-
cene-Miocene transition (biozone C1-D) and early
Miocene (biozone D); Hsanda Gol and Loh Fms. 
Geographic Distribution. Valley of Lakes (Mon-
golia), Inner Mongolia (China), Qinghai and Gansu
province (China).
Description. The description is based on the
material of Yindirtemys suni from the locality Hotu-
liin Teeg (HTE-014-018) in Mongolia.
P4. The labial anteroloph is medium long in one of
two specimens or absent in the other. The lingual
anteroloph is absent. The labial posteroloph is
medium long. The lingual posteroloph is short. The
lingual crest of the metaloph is long and connected
to the posteroloph (Figure 6.8).
M2. The labial anteroloph is medium long (one out
of two specimens) or long and connected to the
paracone (one out of two). The lingual anteroloph
is absent. The protoloph is anterior to the proto-
cone. In one specimen the protoloph is trans-
versely connected, and in the other one it is

FIGURE 6. Yindirtemys suni from the Valley of Lakes (Mongolia). Nos. 1-12. From Hotuliin Teeg (south): 1) HTS-056/
3-NHMW 2012/0047/0001 M2-M3 right. From Unkheltseg: 2) UNCH-A/4-NHMW 2006/0088/0001 dp4 right; 3) UNCH-
A/4-NHMW 2006/0088/0003 M1 left. From Hotuliin Teeg (east): 4) HTE-009-NHMW2012/0033/0009 m3 left; 5) HTE-
008-NHMW 2012/0032/0004 p4 right; 6) HTE-008-NHMW 2012/0032/0005 m2 right; 7) HTE-008-NHMW 2012/0032/
0006 m3 left; 8) HTE-014-018-NHMW 2012/0031/0001 P4-M2 right; 9) HTE-014-018-NHMW 2012/0031/0002 M2
right; 10) HTE-014-018-NHMW 2012/0031/0003 M3 right; 11) HTE-014-018-NHMW 2012/0031/0006 M3 left; 12)
HTE-014-018-NHMW 2012/0031/0009 m1-m3 left. All teeth same magnification. Scale bar equals 1 mm.
13
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proverse. In one out of two, there is an incipient
crochet; in the remaining one the anticrochet is
connected to the posteroloph. In all the specimens
the metaloph is anterior with respect to the hypo-
cone and is connected transversely to it (Figure
6.8-9).
M3. The labial anteroloph is long and connected to
the paracone (one out of four specimens) or it is
medium long (three out of four). The lingual anter-
oloph is absent. The anterior groove is absent in
three and shallow in the remaining specimen. The
protoloph is always anterior to the protocone, and it
runs transversely (three out of four) or proverse
(one out of four). The sinus is retroverse (three out
of four) or transverse (one out of four) and always
deep. The metaloph is anterior to the hypocone in
two out of four teeth and transversal in the remain-
ing two. It is transversely directed in two and
proverse in two specimens (Figure 6.10-11).
m1. The anterior cingulid is short (two out of three
specimens) or long (one out of three). The metalo-
phid I is well connected to the protoconid. In all the
specimens the mesolophid is connected to the
metaconid. The sinusid is M-shaped. The hypoco-
nulid is present. The hypolophid is connected to
the anterior arm of the hypoconid (Figure 6.12).
m2. The anterior cingulid is long. The metalophid I
is well connected to the protoconid. The mesolo-
phid is long and connected to the metaconid in one
specimen and it is medium in the remaining one.
The sinusid is M-shaped. The hypoconulid is pres-

ent. In all specimens the hypolophid is connected
to the anterior arm of the hypoconid (See Figure
6.12).
m3. The metalophid I is well connected to the pro-
toconid. The mesolophid is short, the sinusid M-
shaped. The hypoconulid is always present. The
hypolophid is connected to the anterior arm of the
hypoconid (Figure 6.12).
Remarks. Schmidt-Kittler et al. (2007) assigned all
large-sized Yindirtemys specimens from Mongolia
to Y. deflexus. Since new and rich fossil material
from different localities is accessible to us, we are
able to differ Y. suni from Y. deflexus. 

Yindirtemys suni from the Mongolian localities
differs from Y. deflexus by larger size of teeth, large
and inflated jaws and bones. Upper molars with
less tendency to develop additional crests (simpler
pattern), and bulky and globular P4. In the lower
molars, the protoconid and hypoconid are shorter
than in Y. deflexus (see Appendix 1).

Yindirtemys birgeri Bendukidze, 1993.
Figure 7.1-7.8.

1993 Yindirtemys birgeri Bendukidze, p. 64-65, 143. 

1997 Yindirtemys sajakensis birgeri Bendukidze, p. 207.

2004 Yindirtemys birgeri Lopatin, p. 292-293. 

2009 Yindirtemys birgeri Benduzidze, de Bruijn, and Van
den Hoek Ostende, p. 351-352, 356, 368-
369. 

Holotype. Palate with P4-M3 left and P4-M3 right.
Bendukidze (1993: pl.XXI, fig. 2).

FIGURE 7. Complete maxilla of Yindirtemys birgeri from the locality of Tatal Gol (TAT-051/2- NHMW 2012/0060/0001)
in the Valley of Lakes (Mongolia). Nos. 1-8. 1) P4 left; 2) M1 left; 3) M2 left; 4) M3 left; 5) P4 right; 6) M1 right; 7) M2
right; 8) M3 right. All teeth same magnification. Scale bar equals 1 mm.
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Type Locality. Altyn Schokysu (Aral region,
Kazakhstan).
Material and Measurements. Tatal Gol (TAT-051/
2) NHMW 2012/0060/0001. Palate with P4-M3 left
and P4-M3 right. See Table 5 and Appendix 3.
Stratigraphic Range in Mongolia. Upper part of
the late Oligocene, Mongolian biozone C1; Hsanda
Gol Fm. 
Geographic Distribution. Valley of Lakes (Mon-
golia) and North Aral region (Kazakhstan).
Description. P4. The labial posteroloph is short
(one of two specimens) or medium (one of two).
The lingual posteroloph is connected to the proto-
cone (two out of two). The lingual crest of the
metaloph is long and connected to the posteroloph
(two out of two). 
M2. The two specimens are heavily worn and
many of their morphological characters not visible.
The labial anteroloph is connected to the
paracone. The lingual anteroloph is absent. 
M3. The labial anteroloph is long and connected to
the paracone (one of two specimens) or it is
medium long (one of two). The lingual anteroloph
and the anterior groove are absent. The protoloph
is anterior and transversely directed to the proto-
cone. One specimen bears a deflexus structure
and the other a deflexus structure and an anticro-
chet. The sinus is transverse and deep. The
metaloph is connected transversely to the hypo-
cone. The tooth morphology is swollen and bulky.
Remarks. The complete maxilla from Mongolia is
similar in size to Yindirtemys birgeri Bendukidze,
1993 and Y. ambiguus Wang, 1997. However, both
M3 from Mongolia have deflexus structure, and
according to Wang, 1997, this structure is absent in
Yindirtemys ambiguus. Tatal Gol (Mongolia) is the
easternmost occurrence of Yindirtemys birgeri. So
far this species has only been recorded from the
Aral Fm. in Kazakhstan. 

RESULTS AND DISCUSSION

The assemblages of Yindirtemys deflexus
from the Valley of Lakes show a similar distribution
of dental characters throughout the Mongolian bio-
zone C1 (Appendix 1). The same situation is also
valid for the Mongolian assemblages of Y. suni
throughout biozones C1-D and D. However, both
Yindirtemys deflexus and Y. suni increase in size
through time (Figure 8). We tested the significance
of the differences between the assemblages of
Yindirtemys with an analysis of variance (One-Way
ANOVA) and post hoc tests. The specimen num-
bers are too small (< 4) for statistical tests of p4,
m1, dp4, M1 and DP4. The statistical analyses of

teeth (Table 6) show significant differences in the
length of m3 between Y. deflexus from DEL-B/12
and RHN-A/7. These differences correspond to dif-
ferences in the ages of the assemblages. DEL-B/
12 is one of the oldest assemblages of the later Oli-
gocene (biozone C1), whereas RHN-A/7 is one of
the youngest of biozone C1. This points to a size
increase of m3 within biozone C1. Nonetheless,
despite of the size differences, the morphology
remains rather constant among assemblages
throughout biozone C1.

Our results agree with those of Benduzidze et
al. (2009). Those authors suggest a trend towards
a size increase in Yindirtemys (Y. deflexus and Y.
birgeri), more robust cusps, and a more forwards
directed protoloph in the upper molars. We also
recorded this trend in Yindirtemys suni (Figure 6). 

At present, enough specimens are available
for a comparison between Y. suni and Y. deflexus.
Yindirtemys suni (from HTE-014-018) differs sig-
nificantly in size from Y. deflexus (from DEL-B/12,
TGW-A/surface, HTSE-009+013 and RHN-A/7
(Table 6 and Table 7) and the dental characters
described before. Therefore, and contrary to
Schmidt-Kittler et al. (2007), we consider Y. suni as
a valid species and different from Y. deflexus.

Biostratigraphic Issues

The ctenodactylids are among the most abun-
dant groups of rodent throughout the latest Oligo-
cene (upper Chattian stage; Tabenbulukian
Chinese Mammal Age) in Mongolia. Specifically,
during the Mongolian biozone C1, Yindirtemys
deflexus is one of the most abundant and charac-
teristic species, serving as a “key fossil” for the lat-
est Oligocene (biozone C1). Moreover, Yindirtemys
suni is the “key fossil” for the Oligocene-Miocene
transition (C1-D) and for the earliest Miocene bio-
zone D (Aquitanian stage; Xieijan Chinese Mam-
mal Age).

Yindirtemys birgeri co-occurs with Y. deflexus
in the fauna of TAT-051/2 (biozone C1) (Figure 3).
The type of Y. birgeri stems from Kazakhstan (Ako-
tau) and the species is also represented in Altyn
Schokysu (North Aral region in Kazakhstan). Ben-
dukidze et al. (2009) revised the small mammals
from the North Aral region and considered the age
of the Aral Formation as Late Oligocene. Further-
more, they explain the differences between assem-
blages from the Aral Formation in Kazakhstan and
the late Oligocene faunas of the Valley of Lakes to
be ecological and not age differences. The occur-
rence of Castoridae in Kazakhstan (two genera
and three species) indicates more humid environ-
15
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FIGURE 8. Distribution of the length and width ranges charts of the upper and lower dental elements for the three
large-sized species of Yindirtemys from the Valley of Lakes.
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ments than in Mongolia. The co-occurrence of Y.
birgeri and Y. deflexus in Mongolia and Kazakhstan
supports the hypothesis of similar ages for both
localities. 

Paleobiogeographic Considerations and 
Paleoecological Implications

The Yindirtemys species can be divided into
three size groups: 1) The small-sized species Y.
bohlini (Huang, 1985), Y. grangeri (Bohlin, 1946) Y.
shevyrevae Vianey-Liaud et al., 2006 and Y. ulan-
tatalensis (Huang, 1985); 2) The medium-sized
species Y. birgeri, Y. ambiguus Wang, 1997 and Y.
xiningensis Wang, 1997; and 3) The larger-sized
species Y. deflexus and Y. suni. We follow
Schmidt-Kitter et al. (2007) and consider Y. gobien-
sis Kowalski, 1974 a synonym of Y. deflexus. 

The small Yindirtemys ulantatalensis is
recorded from the Ulantatal area and Saint
Jacques (Inner Mongolia) and occurred from the
early to late Oligocene (Vianey-Liaud et al., 2006).

It was also recognized in the late Oligocene (bio-
zone C) of Mongolia (Schmidt-Kittler et al., 2007).
Beyond that, Y. shevyrevae occurred earlier in
Mongolia (early Oligocene, biozone B) than in
China (late Oligocene). The other two small-sized
species, Y. bohlini and Y. grangeri, are restricted to
the late Oligocene of China. Yindirtemys bohlini
from Inner Mongolia (Ulantatal area and Saint
Jacques) and Y. grangeri (Gansu and Quanlishan
provinces) are endemic species of China.

To date, the medium-sized Yindirtemys birgeri
was known only from Kazakhstan (Bendukidze et
al., 2009), and is now described from Mongolia. All
other medium-sized species are known only from
China. Yindirtemys ambiguus occurred during the
late Oligocene and Y. xiningensis during the early
Miocene. Yindirtemys ambiguus resembles Y.
birgeri and differs only by the lack of the “deflexus”
structure of the M3 and by the more posteriorly
directed metalophs of upper molars (Wang, 1997). 

TABLE 6. Statistical analyses of the lengths of the cheek teeth of Yindirtemys deflexus and Y. suni. Abbreviations: N,
number of specimens; df, degree of freedom; df2W, degree of freedom of the denominator corrected for Welch’s test;
p, significance value; df2B-F, degree of freedom of the denominator corrected for Brown-Forsythe’s test; t, T-student
value; F, One-way ANOVA test. Significant differences in bold (α=0.05). All analyses use exclusively localities with
sample sizes larger than four specimens.

Y. deflexus Y. suni Welch's test
Brown-

Forsythe's test
Student's test ANOVA

Element N Locality df df2W p df2B-F p t p F p

m1 4 RHN-023 8 0.137 0.723

5 RHN-A/7

m2 4 RHN-023 15 0.046 0.956

8 RHN-A/7

4 DEL-B/12

m3 6 RHN-A/7 17 31.723 0.000

12 DEL-B/12

P4 6 HTSE-009+013

9 RHN-A/7 19 2.914 0.082

5 TGW-A/surface

M2 4 HTSE-009+013 4 8.230 0.428

5 RHN-023

4 TGW-A/5 0.280 9.854

5 TGW-A/surface

4 DEL-B/12

M3 4 HTE-14-18 27 14.826 0.000

9 HTSE-009+013

6 RHN-A/7

4 TGW-A/surface

5 DEL-B/12
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The large-sized Yindirtemys deflexus has the
widest distribution: from the Gansu province and
Inner Mongolia (China), to the Valley of Lakes
(Mongolia), and as far as the Aral region (Kazakh-
stan) in the west. The largest species is Y. suni. It
occurred in the Qinghai and Gansu provinces and
in Inner Mongolia (China), and we describe it in
detail from the Valley of Lakes (Mongolia).

The distribution of the Ctenodactylidae shows
that no major geographical barriers prevented
mammal movement between Kazakhstan, Mongo-
lia, and northern China throughout the Oligocene.
In this area the differences of isochronous mammal
communities apparently derive from locally differ-
ent environments and/or climatic conditions and
from the development of ecological niches
(Schmidt-Kittler et al., 2007; Bendukidze et al.,
2009; Gomes Rodrigues et al., 2014). 

Our studies on Yindirtemys teeth from Mongo-
lia demonstrate trends towards increasing size,
crown height, and more developed crests. These
modifications started after the heyday of Ctenoda-
cylidae in the late Oligocene (biozone C),
increased rapidly towards the latest Oligocene
(biozone C1), and ended with the extinction of the
genus in the early Miocene (biozone D). Not only

Yindirtemys but the entire subfamily Tataromyinae
diversified and flourished during the Oligocene,
spread from East to Central Asia, and became
extinct in the earliest Miocene. 

Based on sedimentological evidence, we
interpret the history of Yindirtemys in Asia as a
response to paleoenvironmental changes caused
by paleogeographic reorganisations and by climate
changes towards increasing aridity and wide-
spread desert formation (Guo et al., 2002, 2008;
Sun et al., 2010; Harzhauser et al., 2016). 

CONCLUSIONS

The Yindirtemys fossils from the Valley of
Lakes (Mongolia) provide insights into the evolu-
tion, biostratigraphy and paleobiogeography of the
genus in Asia. During the latest Oligocene and ear-
liest Miocene, three species occurred: Y. deflexus,
Y. birgeri and Y. suni. The most abundant species,
Y. deflexus is restricted to the latest Oligocene
(biozones C1 and C1-D). It spreads through
Kazakhstan, Mongolia, Inner Mongolia and North
China. Yindirtemys birgeri co-occurred with Y.
deflexus in the Tatal Gol assemblage TAT-051/2
(biozone C1). Geographically it ranges from
Kazakhstan to Mongolia. Yindirtemys birgeri is

TABLE 7. Post hoc (Tukey’s-b) of the M3 of Yindirtemys deflexus and Y. suni. Significant differences are indicated in
bold. The mean difference is significant at the 0.05 level.

Localities Mean difference

T
uk

e
y'

s-
b

.

HTE-14-18 -1.664

DEL-B/12 HTSE-009+013 -0.263

Y. deflexus RHN-A/7 -0.416

TGW-A/surface 0.07525

DEL-B/12 1.664

HTE-14-18 HTSE-009+013 1.401

Y. suni RHN-A/7 1,248

TGW-A/surface 1.73925

DEL-B/12 0.263

HTSE-009+013 HTE-14-18 -1.401

Y. deflexus RHN-A/7 -0.153

TGW-A/surface 0.33825

DEL-B/12 0.416

RHN-A/7 HTE-14-18 -1.248

Y. deflexus HTSE-009+013 0.153

TGW-A/surface 0.49125

DEL-B/12 -0.07525

TGW-A/surface HTE-14-18 -1.73925

Y. deflexus HTSE-009+013 -0.33825

RHN-A/7 -0.49125
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described here for the first time in Mongolia. The
largest species, Y. suni, is recorded from the Oligo-
cene-Miocene transition (biozone C1-D) and from
the earliest Miocene (biozone D), and ranges from
Mongolia to China. All three species follow the
same trend of dental pattern: a stable dental mor-
phology with increase in size.

The genus Yindirtemys was very abundant
and diverse in Asia. Six small-sized species, three
medium-sized and two large-sized species
occurred during the Oligocene and early Miocene
in China, Mongolia and Kazakhstan. This suggests
that no physical barriers existed between these
countries. 
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APPENDIX 1. 

Distribution of character states (available online as PDF download at palaeo-electronica.org/con-
tent/2017/1729-ctenodactylidae-from-mongolia).

APPENDIX 2. 

Description of the character states (available online as PDF download at palaeo-electronica.org/
content/2017/1729-ctenodactylidae-from-mongolia). 
21



OLIVER & DAXNER-HÖCK: CTENODACTYLIDAE FROM MONGOLIA
APPENDIX 3. 

Three dimensional interactive figure of Yindirtemys birgeri from the locality of Tatal Gol (TAT-051/
2), Valley of Lakes (Mongolia). Palate with P4-M3 left and P4-M3 right. NHMW 2012/0060/000
(available online as PDF download at palaeo-electronica.org/content/2017/1729-ctenodactyli-
dae-from-mongolia).
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