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Abstract

In this paper we present new data on tsaganomyid species from the Oligocene of Mongolia. This
group of rodents, endemic to Mongolia, China, and Kazakhstan, is not well known. In the context
of the well-dated sediments from the Taatsiin Gol and Taatsiin Tsagaan Nuur, Valley of Lakes, we
were able to establish their occurrence precisely. We present and discuss additional morpholog-
ical data of five species. Around 32 Ma all these five species are present in the Taatsiin Gol and
Taatsiin Tsagaan Nuur areas. Until 28 Ma, Tsaganomys altaicus, Cyclomylus lohensis, Cyclomy-
lus intermedius, ?Cyclomylus biforatus and Coelodontomys asiaticus are all part of the rodent
fauna in this area. From then on, the diversity of the group decreased steadily, and during the
following 3 million years only Tsaganomys altaicus and Coelodontomys asiaticus were present,
and at ~24 Ma, just before the end of the Oligocene, the family disappeared completely. Trends
in size seem to reflect changes in climate and food availability. Reviewing all data available, we
conclude that tsaganomyid species had a fossorial and digging lifestyle, but most activities took
place outside its burrow.

Key-words: Tsaganomyidae, Paleogene, Neogene, taxonomy, biostratigraphy, Valley of Lakes,
Mongolia

Kurzfassung

In dieser Arbeit prisentieren wir neue Daten iiber Arten der Tsaganomyidae aus dem Oligozan
der Mongolei. Diese kaum bekannte Nagergruppe ist in der Mongolei, China und Kazachstan
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endemisch. Die gut datierten Sedimente aus der Taatsiin Gol und Taatsiin Tsagaan Nuur Region
(Tal der Gobiseen), ermdglichten eine genaue Bestimmung ihrer regionalen und zeitlichen Ver-
breitung. Wir prasentieren und diskutieren die morphologischen Daten von fiinf Arten: Tsagano-
mys altaicus, Cyclomylus lohensis, Cyclomylus intermedius, ?Cyclomylus biforatus und Coelo-
dontomys asiaticus. Alle finf Arten waren vor etwa 32 Ma bis 28 Ma in der Taatsiin Gol und
Taatsiin Tsaagaan Nuur Region verbreitet und Teil der Nagetierfaunen. In den folgenden drei
Millionen Jahren existierten nur 7saganomys altaicus und Coelodontomys asiaticus, und um ~ 24
Ma, kurz vor dem Ende des Oligozins starb die Familie aus. GroBentrends reflektieren Verén-
derungen von Klima und Nahrungsangebot. Aus den verfiigbaren Daten schlieBen wir, dass die
Tsaganomyidae grabende Tiere waren, die teils unterirdisch lebten, meist aber auflerhalb ihrer
Baue aktiv waren.

Schliisselworter: Tsaganomyidae, Paldogen, Neogen, Taxonomie, Biostratigrafie, Tal der Gobi-
seen, Mongolei

Introduction

The Tsaganomyidae are rodents with hystricognath jaws and protrogomorph skulls, hyp-
sodont cheek teeth and very large incisors. They are known only from Oligocene sed-
iments of Mongolia, China and Kazakhstan. On the surface of the outcrops in the hills
of the Valley of Lakes, especially in the Tatal Gol area, quite often tsaganomyid incisors
can be found (Fig. 1), often a good indication of a fossiliferous layer nearby.

MATTHEW & GRANGER (1923) were the first to describe tsaganomyid genera and species
from the Hsanda Gol Formation of the Valley of Lakes in Mongolia. Many other publica-
tions by different authors followed (VINOGRADOV & GAMBARYAN 1952; KOWALSKI 1974;
MELLETT 1966, 1968; SHEVYREVA 1971, 1972; BRYANT & MCKENNA 1995; WANG 2001).

In 1995, BRYANT & MCKENNA published a thorough paper on Tsaganomyidae. Material
collected from the Hsanda Gol Formation (Mongolia) in the early 1990°s gave them a
good opportunity to clarify the phylogenetic position of this family. Since a good taxo-
nomic consensus was lacking from earlier publications, they updated the taxonomy of
this group by providing detailed descriptions of skull and dentition, including measure-
ments. BRYANT & MCKENNA synonymized all tsaganomyid species with Tsaganomys
altaicus, the variation in morphology interpreted as being the expression of ontogenetic
phases. Two morphotypes were distinguished, characterized by differences in size, and
interpreted to represent sexual dimorphism. The total range in size, large for each dental
element, was interpreted to be a result of differences in individual body size and reflect-
ing age classes. The molars were described as single rooted, the small additional roots
were considered to be only present in the deciduous premolars and premolars.

In 2001, WANG provided an overview of all publications concerning the Tsaganomy-
idae. The material described and measured by WANG (2001) is from many different
localities and different geographical areas, collected in earlier years by various research
groups and stored away in several collections. WANG redefined the Tsaganomyidae, syn-
onymized species, and provided diagnosis and descriptions of the remaining species
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Fig. 1. Teeth and bones from a tsaganomyid
on and in the surface (Tatal Gol; Hsanda Gol
Formation, Mongolia)

and of some new ones. WANG did not interpret the differences in morphology as differ-
ences in individual age or sex, and considered the morphological differences in skull and
dentition to be characteristic for new species. In contrast to BRYANT & MCKENNA, she
divided the Tsaganomyidae into five species: Tsaganomys altaicus, Cyclomylus lohensis,
Cyclomylus intermedius, Cyclomylus biforatus and Coelodontomys asiaticus. The latter
three were newly erected.

Here, we present data on fossil Tsaganomyidae from Taatsiin Gol and Taatsiin Tsagaan
Nuur areas in the Valley of Lakes (Mongolia), in order to supplement the existing data
base on tsaganomyid species.

Geological setting and chronologic framework

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 a west-east direction in Central Mongolia. Above a Pro-
terozoic and Paleozoic 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 Nuur area (Uvurkhangai Aimag), long known for the fossil richness
of Cenozoic sediments and its basaltic volcanism (BERKEY & MORRIS 1927, DEVIJAT-
KIN 1981, DEVIATKIN & BADAMGARAV 1993). There, the Oligocene-Miocene sediment
sequences of the Hsanda Gol and Loh Formations are exposed (Fig. 2).

In a large part of the study area several basalt flows alternate with the sedimentary depos-
its. The combination of fossil localities and the age determination of the basalt pro-
vides a chronologic calibration of the successive fossil assemblages (HOCK et al. 1999;
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Oligocene and Miocene
fossil sites of the working area

Fig. 2. The Hsanda Gol Formation in the Taatsiin Gol left side section (TGL-B). Insert: vertebrate
localities and sections in the Valley of Lakes, Uvurkhangai, Mongolia. Vertebrate localilities and
sections in the valley of Lakes, Uvurkhangai, Mongolia. 2: Builstyn Khudag, BUK-A; 4: Del,
DEL-B; 5: unnamed locality, GRAB-II; 7: Ikh Argalatyn Nuruu, IKH-A; 8: Ikh Argalatyn Nuruu,
IKH-B; 9: Ikh Argalatyn Nuruu, IKH-C; 15: Hsanda Gol, SHG-A; 17: Hsanda Gol, SHG-C; 20:
Tatal Gol, TAT-C; 21: Tatal Gol, TAT-D, -E; 23: Taatsiin Gol left, TGL-A; 26: Taatsiin Gol right,
TGR-B; 27: Taatsiin Gol right, TGR-AB; 28: Taatsiin Gol right, TGR-C; 33: Unkheltseg, UNCH-A

DAXNER-HOCK & BADAMGARAV 2006; DAXNER-HOCK et al. 2013) with a characteriza-
tion of eight informal biozones based on the rodent faunas (A, B, C, C1, D, D1/1, D1/2
and E; from Early Oligocene to Late Miocene). In DAXNER-HOCK et al. (2010) the four
lowermost biozones (A, B, C, C1; early and late Oligocene) were updated using both
small and large mammals.

In figure 3 the basalt occurrences are given against the geologic time scale and Mon-
golian biozones. The occurrences were dated by the °Ar / **Ar method. The Early Oli-
gocene basalt I group is dated around 31.5 Ma (range: 30.4-32.2 Ma; errors varying
from 0.3 to 0.8 Ma). The second one is the Late Oligocene basalt 11, and displays age
differences of at least 1 Ma between local occurrences west and east of Taatsiin Gol. The
eastern 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 (range:
12.2-13.2 Ma; errors vary from 0.2 to 0.7 Ma; HOCK ef al. 1999: fig. 8; DAXNER-HOCK
etal. 2010: p. 351).
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Fig. 3. Geologic time scale, the basalt occurrences and the Mongolian biozones (adapted from
DAXNER-HOCK et al. 2010)

Material and methods

The Tsaganomyidae used in this paper were all collected during fieldwork under the
auspices of the Mongolian-Austrian Geoscientific Project. Systematic fieldwork in the
Taatsiin Gol and Taatsiin Tsagaan Nuur areas in the Valley of Lakes (Mongolia) took
place during several field surveys between 1995 and 2012, and produced a huge amount
of fossils of Oligocene and Miocene age. The main bulk of the fossils was collected
by screen washing of the sediments, thus the fossils can be assigned to a specific sedi-
ment layer of a specific stratigraphic section. Only a small part was collected from the
surface, and these fossils were only included when it was very clear from which level



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

Fig. 4. All cheek teeth were measured in the same way:
the maximal length (L) of the premolar and molar and,
perpendicular to that, the maximum width (W). The
measurements are with a precision of 0.01 mm

in the section they originated. The ranges and distribution outside of our research area
of the Tsaganomyidae species are from WANG (2001) and QI1u et al. (2013), ages of the
Kazakhstan occurrences are from ERBAJEVA (1999) and the Chinese ages are from Qiu
et al. (2013).

The fossils are either from surface finds (collection number ending with ‘0’) or from
wet-screening of fossil-bearing sediments. During field-campaigns, numerous cheek
teeth, jaws and skulls, of Tsaganomyidae were collected (most jaws and skulls are only
partly preserved). They are stored in the collections of the Laboratory of the Paleonto-
logical Centre, Mongolian Academy of Sciences, Ulaanbaatar (Mongolia), and in the
collections of the Natural History Museum, Geological-Paleontological Department, in
Vienna (Austria). The descriptions and measurements are restricted to the fossils from
the Vienna collection.

The large number of tsaganomyid fossils available to us provides additional information
on the morphology of all species; we will present a general description for each species
combined with new observations. Emphasis will be on the cheek teeth since complete
jaws and skulls are absent; the Tsaganomys altaicus skull in figure 5 is the most complete
one. All other specimens are fragments, often damaged or distorted before or after burial.
Thus complete descriptions of jaws and skulls are not possible here and only specific
characteristics are, when present, added.

Only cheek teeth with an identifiable tooth row position were used in the descriptions
and measurements. Two classes of wear are given: F (Fresh) or W (Worn). Fresh implies
that the original occlusal pattern is still (partly) visible on all or some cheek teeth in the
tooth row, whereas it is absent in the worn category. All cheek teeth were measured in a
similar way: the maximal length of the molar and, perpendicular to that, the maximum
width (Fig. 4). These measurements are as in WANG (2001: p. 3, fig. 1) except for the less
worn lower cheek teeth which were measured longitudinally to the row of cheek teeth.
The measurements are with a precision of 0.01 mm. Length of tooth rows are not given
because the preservation of many jaws and skulls is highly variable, and in many objects
gaps between the cheek teeth prevent a precise measurement. We used a Nikon stereo-
scopic microscope type 104 and a Nikon Digital sight DS-U2 (SMZ800) with a DS-Fil
camera (0.7 x DXM lens) connected to a computer with NIS-Elements 3.2 (Build 677),
and BR software for measuring.
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Abbreviations

NHMW = Naturhistorisches Museum Wien (Natural History Museum, Vienna, Austria)
MPC = Mongolian Paleontologica Center Collection

Upper cheek teeth are indicated by an uppercase letter, lower cheek teeth are indicated
by a lowercase letter; DP and dp are deciduous premolars, P and p are premolars, M and
m are molars. F indicates fresh, unworn cheek teeth and W indicates worn cheek teeth.

Systematic palaeontology

Class Mammalia LINNEAUS, 1758
Order Rodentia Bowpich, 1821
Family Tsaganomyidae MATTHEW & GRANGER, 1923

Genus Tsaganomys MATTHEW & GRANGER, 1923

Type species: Tsaganomys altaicus MATTHEW & GRANGER, 1923
Type locality: Hsanda Gol Formation, red strata, Loh, Tsagan Nor Basin (Mongolia)
Included species: type species only

Remark: WANG (2001) emended the diagnosis and discussed detailed occurrences and
synonymies.

Tsaganomys altaicus MATTHEW & GRANGER, 1923
(Figs 5,6 & 7)

1923 Tsaganomys altaicus, new genus and species — MATTHEW & GRANGER: 2; figs 1-3.
2001 Tsaganomys altaicus — WANG: 5-18; figs 2—13. [and all synonyms therein]

2010 Tsaganomys altaicus — DAXNER-HOCK et al.: 356; fig. 4 (7).

2010 Tsaganomys altaicus — DAXNER-HOCK et al.: 361; fig. 5 (10).

Occurrence in Mongolia (Valley of Lakes, Uvurkhangai, this study): Tablel.

Other occurrences of Tsaganomys altaicus: Late early Oligocene and Late Oligo-
cene of Nei Mongol (China) and Mongolia, Late Oligocene of Kazakhstan.

Measurements: All measurements are summarized in table 2. The plots of Length/
Width are given in figures 8 and 9, and in figures 10 and 11 the scatter plots of the ratio
Length / Width and Length (except deciduous teeth).

Remarks: Deciduous premolars (dp3, dp4, dP3 or dP4) are not known from 7saga-
nomys altaicus, nor are p3 and P3. We interpret the p4 and P4 as being true premolars
and not retained deciduous premolars.

The cheek teeth are strongly hypsodont. The lower cheek teeth are concave antero-lin-
gually and extend bucally of the lower incisor, the upper cheek teeth are concave
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Table 1. Occurrences of Tsaganomys altaicus, Cyclomylus lohensis, Cyclomylus intermedius,
?Cyclomylus biforatus and Coelodontomys asiaticus in Mongolia (Valley of Lakes, Uvurkhan-
gai). Collection numbers are for specimens used for measurements.

Species biozone Profile NHMW collection number
Tsaganomys altaicus A TAT-C/1 2013/0525/0001 a, b; 2013/0525/0002 a, b, ¢
A TAT-D/1 Hii 1 2013/0537/0001 to 2013/0537/0004
Tsaganomys altaicus B DEL-B/7 2013/0483/0001
B IKH-A/2-4 2013/0492/0001
B SHG-A/13+14  2013/0503/0001 to 2013/0503/0003
B SHG-A/14 2013/0503/0004
B SHG-A/18-20 2013/0509/0001 to 2013/0509/0005
B SHG-above sst  MPC
B TAT-C/6 2013/0527/0001
B TAT-WP 22/23  MPC
B TGL-A/M1c 2013/0547/0001; 2013/0547/0002
B TGR-AB 2009z0136/001
B TGR-AB/21 2013/0548/0001; 2013/0548/0002
B TGR-AB/22 2013/0549/0001; 2013/0549/0002
B UNCH-A/3 2013/0564/0001
Tsaganomys altaicus ~ C TGR-C/2 2009z0146/001; 2013/0552/001 to 2013/0552/0003
C TGR-C/Bad 2013/0554/0001
C TGR-C/Bad6 2013/0554/0002
C TGW2+30/2  MPC
C TGW-A2 2013/0563/0001 to 2013/0563/0005
C TGW-0/2 MPC
Tsaganomys altaicus C1 TGW-A/1-4 2013/0560/0001; 2013/0560/0002 a, b
C1 TGW-A/5 , TAT-051/2, TAT-044 , HTSE
Cyclomylus lohensis GRAB-II1 2013/0487/0001; 2013/0487/0002
IKH-A1 2013/0490/0001 a, b

TAT-basis O MPC
TAT-basis 0 2013 MPC
TAT-D oberfl 2013/0528/0001 to 2013/0528/0003
TAT-D/1 Hii 1 2013/0533/0001 to 2013/0533/0007

> > > > > >
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Table 1 (continued).

301

Species biozone Profile NHMW collection number
A TAT-D/1 oberfl ~ 2013/0541/0001 to 2013/0541/0003
A TAT-D/basis 2013/0543/0001 to 2013/0543/0004
A TAT-D1 58(1) 3/2%515/%%011 a, b; 2013/0542/0002 a, b, c;
Cyclomylus lohensis B DEL-B/7 2013/0486/0001
B IKH-A/2-4 2013/0493/0001; 2013/0493/0002
B IKH-mix 2013/0499/0001; 2013/0499/0002
B SHG-A/13 2013/0500/0001
B SHG-A/13+14  2013/0500/0002
B SHG-A/14 2013/0500/0003
B SHG-A/18-20 2013/0506/0001 to 2013/0506/0007
B SHG-above sst  MPC
B TAT-C/6 2013/0526/0001; 2013/0526/0002
B TGL-A/11c 2013/0546/0001
B TGR-AB/22 2013/0550/0001; 2013/0550/0002
Cyclomylus intermedius A DEL-B/2 2013/0482/0001
A SHG-C/2 2013/0514/0001
A TAT-basis O MPC
A TAT-basis 0 2013 MPC
A TAT-C/1 2013/0523/0001
A TAT-D oberf gog ?/2005123%055)2056 3813/0529/0004 a, b, ¢, d; 2013/0529/0003
A TAT-D/1 Hii 1 2013/0532/0001 a, b; 2013/0532/0002 a-k
A TAT-D/1 oberfl  2013/0539/0002; 2013/0539/0001
A TAT-D/basis 2013/0544/0001 a, b, ¢
Cyclomylus intermedius B DEL-B/7 2013/0485/0001
B IKH-A/1 2013/0489/0001 to 2013/0489/0003
B IKH-A/2-4 2013/0491/0001
B IKH-AV2 2013/0495/0001 a, b
B IKH-B/a 2013/0496/0001
B IKH-C 2013/0498/0001
B SHG-A/14 2013/0501/0001
B SHG-A/18-20 2013/0507/0001 to 2013/0507/0005
B SHG-above sst  MPC
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Table 1 (continued)
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Species biozone Profile NHMW collection number

B

Cyclomylus intermedius C
C

?Cyclomylus biforatus A
A
A
A

?Cyclomylus biforatus  C

Coelodontomys asiaticus A
A

A
A
A

Coelodontomys asiaticus B
B

U W W W

Coelodontomys asiaticus C
C
C

TGL-Al1c; IKH-A/1; TGR-AB/22

TGR-O 2013/0557/0001
TGW-A2 2013/0561/0001
TAT-C/1 2013/0522/0001

TAT-D oberfl 2013/0530/0001 a, b
TAT-D/1 Hi 1 2013/0534/0001 to 2013/0534/0004
TAT-D/1 oberfl ~ 2013/0540/0001

TGR-O 2013/0556/0001

TAT-basis 0 2013 MPC

TAT-C/1 2013/0524/0001

TAT-D oberfl 2013/0531/0001 to 2013/0531/0003
TAT-D/1 oberfl ~ 2013/0538/0001; 2013/0538/0002
TAT-D/1 Hii 1 2013/0536/0001 to 013/0536/0010

IKH-A/V2 2013/0494/0001
SHG-A/13+14  2013/0504/0001
SHG-A/18-20 2013/0505/0001 a, b
SHG-below sst  MPC

TGR-B/1 2013/0551/0001
UNCH-A/3 2013/0565/0001
TGR-C/2 2013/0553/0001 to 2013/0553/0004
TGR-C/Bad6 2013/0555/0001
TGW-A/2 2013/0562/0001
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posteriorly. The upper cheek teeth are slightly more curved than the lower ones. All
cheek teeth show wear, lophs and cusps on the occlusal surface are absent, indicating
that the enamel on the occlusal surface is very thin, and worn away in early wear. The
cheek teeth are cylindrical, the occlusal surface is oval-shaped. In occlusal view, of cheek
teeth that are still positioned in the jaw, the enamel surrounding the dentine core seems
to be continuous, except that it is very thin on the anterior side of the lower cheek teeth
and on the posterior side of the upper cheek teeth. However, in isolated cheek teeth an
enamel free zone can be seen on the antero-lingual side in lower cheek teeth and on the
postero-labial side in the upper cheek teeth. The difference between enamel and dentine
is slight as the dentine has almost the same luster as the enamel, but a thin line separating
the two materials can be seen.

Table 2. Measurements in mm of Tsaganomys altaicus.

Tsaganomys altaicus
Length Width
Biozone element N Mean * SE range SD N Mean £ SE range SD
A p4 4 352+025 287-4.08 0.50 4 535+022 4.75-578 0.62
B p4 20 4.02+016 2.81-6.32 0.73 19 5924013 440-6.99 0.58
C p4 7 3141017 244-370 0.47 7 5411027 4.33-6.41 0.70
C1 p4 2 319+030 2.89-348 0.42 2 543+070 4.73-6.12 0.98
A m1 5 4141030 346-514 0.66 5 599+041 516-7.34 0.92
B m1 20 421+012 3.37-578 0.55 15 6.40+0.18 5.03-7.49 0.70
C m1 8 3691018 2.86-4.40 0.51 8 5961017 541-6.61 0.48
C1 m1 2 340+042 298-382 0.60 2 5681059 5.09-6.27 0.83
A m2 5 3651021 3.14-4.28 0.47 5 553+0.33 4.46-6.31 0.73
B m2 16 398+0.17 3.06-6.03 0.68 15 569+021 428-7.71 0.81
C m2 5 322+017 2.88-3.83 0.39 5 527+017 4.96-592 0.38
C1 m2 2 325+052 273-3.77 0.73 2 3221017 455-572 0.83
A m3 2 316+053 2.63-3.69 0.75 2 423+056 3.68-4.79 0.78
B m3 12 349+021 258-5.16 0.72 12 471+029 3.33-7.28 1.02
C m3 8 300+023 236-4.27 0.64 8 598+0.31 3.89-6.07 0.86
C1 m3 2 265+058 2.07-3.22 0.81 2 430+0.68 3.62-4.97 0.95
B P4 5 370+040 2.56-4.93 0.90 5 530+041 472-6.92 0.92
C P4 4 228+012 203-218 0.23 3 330009 3.15-346 0.16
B M1 9 385+019 3.27-4.50 0.56 8 6.08+039 471-785 1.1
C M1 4 301005 285-3.09 0.11 4 490+0.06 4.73-5.03 0.13
B M2 8 397+019 3.10-4.55 0.53 8 6.09+040 492-772 1.13
C M2 5 303+0.08 270-3.16 0.19 75 467+012 4.28-5.02 0.27
B M3 10 376+024 2.68-4.96 0.77 9 551+032 4.17-748 0.95
C M3 5 267+010 2.36-2.93 0.23 5 414009 3.89-4.33 0.21
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Fig. 5. A partial skull of Tsaganomys altaicus MATTHEW & GRANGER, 1923; TGR-AB, NHMW
2013/0548/0001; a: upper view; b: palate

1cm

Fig. 6. Tsaganomys altaicus MATTHEW & GRANGER, 1923; Skull fragment, SHG-above sst, MPC,
a: palatial view, b: root endings. Skull fragment, TGR-AB/21 NHMW 2013/0548/0001, c: palatial
view. Skull fragment, TGW-2+3/0, NHMW 2013/0558/0001, d: palatial view.
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Fig. 7. Tsaganomys altaicus MATTHEW & GRANGER, 1923; Jaw fragment, sin, DEL-B/7, NHMW
2013/0483/0001, a: occlusal view, b: labial view. Jaw fragment, dex, SHG-A/14 NHMW
2013/0503/0004, c: occlusal view, d: labial view. Jaw fragment, dex, TAT-D/1/Hii NHMW
2013/0537/0003, e: occlusal view, f: labial view.

The molars are positioned in a step-like manner, in the lower cheek teeth the anterior
side is the highest, in the upper cheek teeth the posterior side. These curved high enamel
bands appear as sharper ridges on the occlusal surface and are perpendicular to the row
of cheek teeth. The cheek teeth have one root, with a wide, oval-shaped open end with
a very short circular enamel-free zone. The cheek teeth in Tsaganomys altaicus have
almost the same thickness from bottom to top,

The size distribution of all Tsaganomys altaicus cheek teeth displays a wide range
(Figs 8, 9). Since only a few cheek teeth are not worn, a difference in the size of the
occlusal surface between fresh and worn cheek teeth cannot be established (Figs 10, 11).
Irrespective of wear the occlusal surface of all cheek teeth is always less long than wide,
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Fig. 8. Scatter plots of length and width of upper cheek teeth of Tsaganomys altaicus, Cyclo-
mylus lohensis, Cyclomylus intermedius, Coelodontomys asiaticus, per biozone (deciduous teeth
excluded).

the range of the L/W ratio is compared to that from the other species quite small. The
cheek teeth with the greatest length are m1 and M2.

In the skull the premaxilla-frontale suture is posterior to the nasale-frontale suture, and
the posterior part of the nasals lies at midpoint of the orbit. The infraorbital foramen
lies anterior to the suture of the premaxilla-maxilla. The antepremolar crests, inclined
strongly inwards, vary in thickness, either strongly or weakly developed. In the lower
jaw the anterior part of the massetric fossa is weakly developed.
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Fig. 9.Scatter plots of Length and Width of lower cheek teeth of Tsaganomys altaicus, Cyclomy-
lus lohensis, Cyclomylus intermedius, Coelodontomys asiaticus, per biozone (deciduous teeth
excluded).

Genus Cyclomylus MATTHEW & GRANGER, 1923

Type species: Cyclomylus lohensis MATTHEW & GRANGER, 1923

Type locality: Hsanda Gol Formation, red strata, Loh, Tsagan Nor basin (outer
Mongolia)

Included species:

Cyclomylus biforatus WANG, 2001
Cyclomylus intermedius WANG, 2001
Cyclomylus lohensis MATTHEW & GRANGER, 1923
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Fig. 10. Scatter plots of the ratio length / width and length of upper cheek teeth of Tsaganomys
altaicus, Cyclomylus lohensis, Cyclomylus intermedius, Coelodontomys asiaticus, status of worn
and fresh indicated. (deciduous teeth excluded)

Remarks: Differentiation between Cyclomylus lohensis, Cyclomylus intermedius and
Cyclomylus biforatus is only possible when the roots of the premolars and molars can
be seen clearly, because the largest difference between the first two species lies in the
ratio crown height — main root length, whereas Cyclomylus biforatus has only one root.
In specimens where the cheek teeth are completely covered by bone (lower jaw or upper
jaw) or consolidated sediment, differentiation between these species is difficult and the
specimens are assigned to Cyclomylus sp. (and not further considered in this paper).

Cyclomylus lohensis and Cyclomylus intermedius both have dp3, DP3, dp4, DP4. Only
a few specimens are assigned to ?C. biforatus, where absence nor presence could be
proven for dp3, DP3, and dp4 and DP4.
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Fig. 11. Scatter plots of the ratio length / width and length of lower cheek teeth of Tsaganomys
altaicus, Cyclomylus lohensis, Cyclomylus intermedius, Coelodontomys asiaticus, status of worn
and fresh indicated. (deciduous teeth excluded)

Cyclomylus lohensis MATTHEW & GRANGER, 1923
(Fig. 12)

1923 Cyclomylus lohensis — MATTHEW & GRANGER: 5; fig. 4.

2001 Cyclomylus lohensis WANG: 18-25; figs 15-19. [and all synonyms therein]
2010 ?Cyclomylus sp. — DAXNER-HOCK et al.: 354; fig. 3 (13).

2011 Cyclomylus lohensis — VON KOENIGSWALD: 76; fig. 7 F.

Occurrence in Mongolia (Valley of Lakes, Uvurkhangai): Table 1.
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1cm

Fig. 12. Cyclomylus lohensis MATTHEW & GRANGER, 1923. Skull fragment, SHG-A/18-20 NHMW
2013/0506/0007, a: occlusal view, b: view of the open roots. Skull fragment, TAT-D/basis NHMW
2013/0543/0004, c: occlusal view. Skull fragment, TAT-D/basis NHMW 2013/0543/0003(a,b), d:
occlusal view. Skull fragment, TAT-D/1 NHMW2009z0134/001, e: occlusal view. Jaw fragment,
dex, IKH-mix NHMW 2013/0493/0002, f: occlusal view, g: lingual view. Jaw fragment, sin,
TAT-D/1 NHMW 2013/0542/0001(a,b), h: occlusal view, i: labial view. Jaw fragment, sin, SHG-
A18-20 NHMW 2013/0508/0003, j: occlusal view, k: lingual view.
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Other occurrences of Cyclomylus lohensis: Early Oligocene Nei Mongol (China),
Mongolia and the Late Oligocene of Kazakhstan

Measurements: All measurements are summarized in table 3. The plots of Length/
Width are given in figures 8 and 9, and in figures 10 and 11 the scatter plots of the ratio
Length / Width and Length (except deciduous teeth).

Remarks: The cheek teeth of Cyclomylus lohensis are hypsodont with a closed, taper-
ing main root, and one small root on the antero-lingual side in the lower cheek teeth and
two small roots on the postero-labial side in the upper molars. The lower cheek teeth are
concave anteriorly and are positioned above the lower incisor, the upper cheek teeth are
concave posteriorly. The upper cheek teeth are slightly more curved than the lower ones.

Unworn upper cheek teeth are ovate, or rounded. Worn P4 and M3 are rounded, M1 and
M2 have a teardrop form. Unworn lower cheek teeth are oval, and m1 and m2 become

Table 3. Measurements in mm of Cyclomylus lohensis.

Cyclomylus lohensis
Length Width

Biozone element N Mean* SE range SD N  Mean £ SE range SD
A d3 1 1.38 1 2.07
A d4 2 244+068 176-312 096 1 3.17
A p4 10 362017 277-427 054 10 454+0230 326-575 0.94
B p4 17 418018 279-578 076 17 390+022 256-552 0.93
A m1 15 296017 206-440 065 17 431+020 321-564 0.82
B m1 19 345015 237-438 065 18 415+020 267-569 0.86
A m2 16 320014 245-437 058 16 4474028 3.08-694 1.13
B m2 17 350+010 290-413 041 18 398+0.18 277-504 0.74
A m3 12 325+018 250-403 061 12 370+025 264-532 0.87
B m3 16 333+009 280-414 037 16 326+0.16 212-436 0.66
A D3 1 0.90 1 0.81
B D3 2 132+042 090-174 059 2 203+063 140-265 0.88
A D4 1 2.98 1 2.93
B D4 3 202+076 079-371 1732 2 320+087 164-466 151
A P4 4 3761022 325-430 043 4 389+032 3.01-442 064
B P4 3 3581020 3.28-395 0.34 3 4311012 418-454 020
A M1 5 3.01+005 2838-313 0.12 5 370+030 275-432 0.66
B M1 6 3.60+022 294-447 055 4 358+021 3.07-411 042
A M2 5 303+008 284-332 0.18 5 342+035 222-416  0.77
B M2 4 395+046 279-497 092 4 340+027 273-402 053
A M3 1 3.09 2 356+0.16 340-372 023
B M3 3 327+040 253-388 068 4 327+018 275-353 0.35
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teardrop-shaped during wear. The width of all cheek teeth increases during wear. Worn
cheek teeth show concentric rings in the dentine often with a slightly elevated central
core (secondary dentine). The total occlusal surface of the lower cheek teeth is less step-
like with less prominent curved enamel ridges than in Tsaganomys altaicus

The size distribution of all Cyclomylus lohensis cheek teeth displays a wide range (Fig.
8). The occlusal surface becomes wider during wear (Fig. 9). Of the lower cheek teeth
the p4 has the greatest length, the m1 the smallest. Of the upper cheek teeth the P4 is the
largest.

In the skull the premaxila-frontale suture is more or less in one line with the nasale-fron-
tale suture. The antepremolar crests are parallel and vary a lot in thickness, either strongly
or weakly developed. In the lower jaw the anterior part of the massetric fossa is variably
expressed.

In Cyclomylus lohensis, as well as in C. intermedius, the main root of the cheek teeth is
tapering downwards, is almost closed or closed (depending on individual age), the lower
cheek teeth have one extra small root and the upper cheek teeth have two extra small
roots. The small roots are always present, in fresh as well as in worn cheek teeth. The
difference between the two species is that in C. lohensis the cheek teeth have shorter
roots and the enamel crown is lower in fresh specimens.

Cyclomylus intermedius WANG, 2001
(Figs 13 & 14a—f)

2001 Cyclomylus intermedius — WANG: 25; figs 20-23.

Occurrence in Mongolia (Valley of Lakes, Uvurkhangai): Table 1.

Other occurrences of Cyclomylus intermedius: Early Oligocene from Nei Mongol
(China) and Mongolia

Measurements: All measurements are summarized in table 4. The plots of Length/
Width are given in figures 8 and 9 (except deciduous teeth), and in figures 10 and 11 the
scatter plots of the ratio Length / Width and Length (except deciduous teeth).

Remarks: The morphology of skull and jaws, as well as the size-distribution of fresh
and worn specimens, are comparable to C. lohensis (Figs. 8 and 9): except for the upper
cheek teeth where the P4 and M3 are about the same size and are the largest. The main
difference is in the height of the cheek teeth: in C. intermedius the roots and the enamel
crowns are higher.

The premaxila-frontale suture is more or less in one line with the nasale-frontale suture
(Fig. 13b). In one specimen (TAT-basis’/o NHMW 2013/0518/0001) a very small bony
protrusion is visible on the medial sidewall of the infraorbital foramen. It is in the same
position as the horizontal bone in the IOF of C. biforatus (type specimen, Wang 2001: p.
35, fig. 25). In a few specimens of Cyclomylus intermedius and Cyclomylus sp., a small
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Fig. 13. Cyclomylus intermedius WANG, 2001. Skull fragment, SHG-A/18-20 NHMW
2013/0507/0005, a: occlusal view, b: dorsal view. Skull fragment, SHG-A/18-20 NHMW
2013/0507/0002, c: occlusal view.

Table 4: Measurements in mm of Cyclomylus intermedius.

Cyclomylus intermedius

Length Width
Biozone element N Mean * SE range SD N  Mean £ SE range SD

A d4 1 391 1 3.04

A p4 8 415+038 344-6.71 1.08 8 446016 390-528 045
B p4 13 432+023 346-621 0.84 13 448+023 3.16-569 0.84
C p4 2 352+145 207-497 205 2 357058 299-4.15 0.82
A m1 11 337+021 220-495 0.70 10 4.85+031 340-6.76 0.98
B m1 13 310+£0.08 257-370 0.29 10 428+023 270-522 0.80
C m1 2 273+054 219-326 0.76 1 401+088 3.13-489 1.24
A m2 10 353+032 276-6.30 1.01 9 430+023 299-536 0.69
B m2 12 339+0.08 3.06-395 0.26 10 398+0.19 299-492 0.61
C m2 1 198 1279

A m3 8 328+035 275-565 0.97 7 350+025 247-449 0.66
B m3 9 331011 29-39 033 6 370+030 283-476 0.74
c m3 2 3.69+0.01 368-3.70 0.14 2  455+0.04 451-459 057
A P4 4 363+011 337-382 022 3 383+048 376-392 0.08
B P4 4 446+0.08 429-463 0.16 4  49+059 390-6.08 1.18
A M1 4 292+010 273-317 0.20 4 387+039 279-467 0.78
B M1 4 373+0.07 355-390 0.15 3 524+033 466-582 0.58
A M2 4  319+011 2.98-350 0.22 2 351+037 3.14-3838 052
B M2 4  397+010 379-419 0.20 4 455+040 385-571 0.81
A M3 3 365+0.10 349-382 0.17 3  351+012 328-365 0.20
B M3 3 411+£027 356-439 047 2 427+050 377-476 0.70
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cavity below the IOF is visible, due to damage of the bone covering. This cavity is closed
at the posterior side and cannot be interpreted as the lower part of a divided IOF as in the
type specimen of C. biforatus.

?Cyclomylus biforatus WANG, 2001
(Fig. 14g—h)

2001 Cyclomylus biforatus — WANG: 31; figs 24-27.

Occurrence in Mongolia (Valley of Lakes, Uvurkhangai): Table 1.

Other occurrences of Cyclomylus biforatus: Early Oligocene of Nei Mongol
(China)

Measurements: All measurements are summarized in table 5.

Remarks: Only a few specimens are present in our collection, all lower cheek teeth
and all worn. The cheek teeth of ?Cyclomylus biforatus are hypsodont with a closed,
main root, smaller roots in lower cheek teeth. The root is almost as long as in Tsaga-
nomys altaicus, but tapers sharply downward. The lower cheek teeth are concave anteri-
orly and are positioned above the lower incisor, they are ovate, and m1 and m2 become
teardrop-shaped during wear. They show concentric rings in the enamel, often with a
slightly elevated central core. The curved enamel ridges are perpendicular to the row of
cheek teeth.

In Cyclomylus lohensis and C. intermedius one extra root in the lower cheek teeth and
two extra small roots in the upper cheek teeth are always present, as well as in unworn
cheek teeth. In ?C. biforatus the single closed root is tapering downwards and an extra
root is absent.

Except for the lack of small extra roots, the main difference between ?C. biforatus on
the one hand, and C. lohensis and C. intermedius on the other is the presence of an

Table 5. Measurements in mm of Cyclomylus biforatus.

?Cyclomylus biforatus
Length Width

Biozone element N Mean * SE range SD N  Mean * SE range SD
A p4 3 388+030 3.32-435 0.52 4 464+050 340-555 1.00
C p4 1 4.62
A m1 4 372+025 3.27-445 0.51 4 61410134 585-6.40 0.26
C m1 1 419 1 6.31
A m2 4 365+020 3.10-4.04 0.39 5 519031 4.10-583 0.70
C m2 1 419 1 6.02
A m3 4 344+022 2.88-3.89 0.44 4 509+049 4.30-6.51 0.98
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Fig. 14. Cyclomylus intermedius WANG, 2001. Jaw fragment, dex, TAT/D/o NHMW
2013/0529/0001, a: occlusal view, b: labial view. Jaw fragment, dex, TAT-D/12/0 NHMW
2013/0529/0002, c: occlusal view, d: labial view. Jaw fragment, dex, TAT-D/1/o/ NHMW
2013/0539/0001, e: occlusal surface, f: labial view. Cyclomylus biforatus WANG, 2001. Jaw frag-
ment, dex, TAT-D/o NHMW 2013/0530/0001(a, b), g: occlusal view, h: labial view.
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extra bone separating the infraorbital foramen into two. Since it is also present in one
specimen of C. intermedius, but less prominently so, this could be a character which is
not species-related but more related to individual differences, perhaps the expression of
ontogeny. The absence of the extra roots, could also be interpreted as caused by ongoing
wear, present in older individuals.

The absence of fresh specimens and thus the absence of knowledge whether the small
roots are present or not in young individuals, restrains us to re-assign ?Cyclomylus bifo-
ratus to another species.

Genus Coelodontomys WANG, 2001

Type species: Coelodontomys asiaticus WANG, 2001

Included species: type species only.

Coelodontomys asiaticus WANG, 2001
(Figs 15 & 16)

2001 Coelodontomys asiaticus — WANG: 33; figs 28-31.

Occurrence in Mongolia (Valley of Lakes, Uvurkhangai): Table 1.

Other occurrences of Coelodontomys asiaticus: Late Early Oligocene of North
China, Mongolia, and the Late Oligocene of Kazakhstan.

Measurements: All measurements are summarized in table 6. The plots of Length/
Width are given in figures 8 and 9 (except deciduous teeth), and in figures 10 and 11 the
scatter plots of the ratio Length / Width and Length (except deciduous teeth).

Remarks: Coelodontomys asiaticus has deciduous premolars (dp4); in one specimen,
next to the p4, a remnant of a root is visible (Fig. 16a) and is interpreted as a remnant of
a dp4.

The cheek teeth of Coelodontomys asiaticus are hypsodont with a wide open main root
and no smaller roots in upper and lower cheek teeth. The root opening is oval and une-
ven: much higher on the concave side than on the convex side. On the antero-lingual
side of the lower cheek teeth and on the postero-labial side of the upper cheek teeth a
slight thickening of dentine is clearly visible (Figs 15f, 15h). The lower cheek teeth are
concave anteriorly and are positioned above the lower incisor, the upper cheek teeth are
concave posteriorly. The upper cheek teeth are slightly more curved than the lower ones.
The P4 is, unlike in 7' altaicus, strongly concave. In the enamel often a groove is visible
on the concave side of the cheek teeth.

Unworn upper cheek teeth are ovate (P4 and M3) or oval (M1 and M2), when worn they
are square to rounded or teardrop-shaped. The lower cheek teeth are ovate and become



WESSELS ef al.: Tsaganomyid rodents from Central Mongolia 317

square or teardrop-shaped during wear. The cheek teeth show concentric rings in the
occlusal surface of the dentine, often with a slightly elevated central core. The curved
enamel ridges are more or less perpendicular to the row of cheek teeth. The total occlusal
surface of the lower cheek teeth is less step-like than in Tsaganomys altaicus.

The size distribution of all Coelodontomys asiaticus cheek teeth displays a wide range
(Figs 8 and 9). The occlusal surface becomes wider during wear, more than in Cyclomy-
lus (Figs 10 and 11). Of the lower cheek teeth the m3 is the smallest and m1 the largest.
Of the upper cheek teeth the M3 is larger than the other cheek teeth, which are about the
same size.

The cheek teeth of Coelodontomys asiaticus are as in T. altaicus, single and open rooted,
but the shape of the open root is quite different. The measurements of most dental

Table 6. Measurements in mm of Coelodontomys asiaticus.

Coelodontomys asiaticus

Length Width
Biozone element N Mean * SE range SD N Mean £ SE range SD

A p4 10 3.96+0.14 322-4.66 0.43 11 531+018 4.23-639 060
B p4 2 3071078 2.88-4.45 1.1 1 401+£124 1.77-524 1.75
C p4 4 2851022 227-322 0.44 4 416+0.88 2.04-5.66 1.76
A m1 9 4161010 3.67-4.55 0.30 10 592+0.13 548-6.61 0.42
B m1 3 347047 253-394 0.81 1 5.44

C m1 4 3171015 282-343 0.30 4 483+081 256-6.35 1.62
A m2 6 382+011 3.32-4.07 0.27 7 5361024 439-606 062
B m2 4 3611040 245-421 0.79 3 462+028 421-515 048
C m2 4 3071015 272-3.36 0.29 4 453+082 215-591 0.51
A m3 3 361+004 3.55-3.68 0.07 3 451+£057 341-518 098
B m3 4 3071032 213-359 0.66 2 404+034 370-438 048
C m3 4 250+024 210-3.18 0.48 4 4011057 258-520 1.13
A P4 4 4171022 355-452 0.44 4 449+056 3.52-5.78 1.13
B P4 1 4.14 1 6.48

C P4 1 2.62 1 4.11

A M1 6 3681046 3.10-4.65 0.60 6 445+053 281-6.00 053
B M1 2 404+0.02 4.02-4.06 0.03 2 568+013 555-580 0.18
C M1 3 363+0.09 3.49-381 0.16 3 600+£033 534-637 057
A M2 5 427+164 378-4.81 0.37 5 425+0.75 223-587 1.69
B M2 2 4261005 421-431 0.07 2 550+004 545-554  0.06
C M2 3 3231015 294-345 0.26 3 5691017 537-597 030
A M3 2 458+0.39 4.19-4.96 0.54 2 311+058 253-369 082
B M3 2 4671012 455-478 0.16 2 464+011 453-475  0.16
C M3 2 367011 356-3.78 0.16 2 553+023 530-575 0.32
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Fig. 15. Coelodontomys asiaticus WANG, 2001. Skull fragments, TAT-D/1/o NHMW
2013/0538/0001, a: occlusal view. Skull fragment, TAT-D/1/o0 NHMW 2013/0538/0002, b:
occlusal view. Skull fragment, TGR-C/2 NHMW 2013/0553/0002, c: occlusal view. Skull
fragment, TGR-C/Bad6 NHMW 2013/0555/0001, d: posterior view. Jaw fragment, dex, SHG-
A/13 NHMW 2013/0504/0001; e: occlusal view, f: lingual view. Jaw fragment, sin, TAT-D/1
NHMW 2013/0536/0003, g: occlusal view, h: labial view. Jaw fragment, sin, TGR-C/2 NHMW
2013/0553/0004(a,b) ; i: occlusal view, j: labial view.
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Fig. 16. Distribution chart of the Tsaganomy-
idae from the Valley of Lakes, Uvurkhangai, A
Mongolia per biozone.

elements fall in the higher range of 7. altaicus. These characters could be interpreted
as representing older 7. altaicus individuals, in which the growth of the dentition has
almost stopped and the root changed its shape. However, also unworn or almost unworn
specimens with the original occlusal pattern are found, thus representing young indi-
viduals and not old individuals. Coelodontomys asiaticus is clearly a separate species,
and comparing the skull characteristics as given in Wang (2001), it is more similar to
Cyclomylus than to Tsaganomys.

Discussion and conclusions

Premolars and molars of the Tsaganomyidae are all hypsodont. Hypsodonty in rodents is
seen as a result of extension of the ontogenetic phase during which the enamel is formed
on the sidewall of the cheek teeth (SCHMIDT-KITTLER 2002). Recently, VON KOENIGSWALD
(2011) classified the diversity in hypsodonty, in which each type represents a specific
combination and duration of ontogenetic phases.

The cheek teeth with one or two small roots and one large root, in Cyclomylus lohensis
and C. intermedius, show partial hypsodonty (VON KOENIGSWALD 2011). The small roots
are attached strongly in the jaw, whereas the open larger root continues to grow during
eruption of the tooth. This creates a strongly curved tooth. During wear, the original occlu-
sal enamel pattern disappears and only dentine remains surrounded by an enamel ring,
the further the wear the broader the tooth becomes. The root closes when the eruption is
completed. Tsaganomys altaicus, as well as Coelodontomys asiaticus, have high hypso-
dont teeth of which the largest part is in the jaw. The large root is open and small roots are
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absent. The teeth are not completely surrounded by enamel, a narrow dentine tract is pres-
ent one side of the teeth (on the posterior side of the upper cheek teeth and on the anterior
side in the lower cheek teeth). The dentine tract is less than one third on the outline of the
tooth and would be classified by vON KOENIGSWALD (2011) as sidewall hypsodonty.

We interpret the differences in cheek teeth morphology between Tsaganomys, Cyclo-
mylus and Coelodontomys as the evolutionary result of differences in ontogenetic devel-
opment, and not as expression of ontogenetic phases within one species as BRYANT &
MCcKENNA (1995) did. The taxonomic position of ?Cyclomylus biforatus is not clear: it
is possible that these specimens represent old C. intermedius individuals.

The Tsaganomyidae are an unusual group of rodents, endemic to Mongolia, China and
Kazakhstan, and difficult to assign to a clear phylogenetic position. The combination of
a protrogomorphous skull and hytricognathus jaw sets the Tsaganomyidae apart from
all other rodents. This led to various phylogenetic positions, such as in the Bathyergidae
(among others MATTHEW & GRANGER 1923), in the Cylindrodontinae (among others
BURKE 1935; WooD 1937; PATTERSON & WO0OD 1982), as a sister group of the Ctenodac-
tylidae (BRYANT & MCKENNA 1995), as a hystricognathiformes (MARIvAux 2001), and
as sister group of the Hystricognathi (MARIVAUX et al. 2004). WANG (2001) places the
Tsaganomyidae in Rodentia incertae sedis.

Several authors acknowledge that the morphological characters of the Tsaganomyidae
are most similar to other groups of rodents which are predominantly fossorial (BRYANT &
MCKENNA 1995; VINOGRADOV & GAMBARYAN 1952; WANG 2001). This implies that the
typical morphology of the Tsaganomyidae does not necessarily indicate a phylogenetic
connection, but can be seen as a result of convergent evolution. In this context it should
be noted that BRYANT & KENNA (1995) suggested that the protrogomorphous skull of
the Tsaganomyidae is derived from a hystricomorphous ancestor, which is seen as an
autapomorphic character by MARIVAUX (2001). However, DRUZINSKY (2010 a, b) clearly
demonstrates on the Aplodontia that the protrogomorphous skull is the most primitive
condition in the Rodentia. Following DRUZINSKY we consider it highly unlikely that such
a basic morphology can be derived from a more advanced one.

In hystricognathous jaws, the incisors and cheek teeth do not lie in one plane with the
angular process, which is clearly positioned more laterally. All rodents displaying such a
jaw are included in the Hystricognathi (WoobD 1955; LUCKETT 1985). DrRuUZINSKY (2010
a) argues that many kinds of sciuromorphy and hystricomorphy exist, which have to be
seen as expression of differences in the “arrangement of the masticatory muscles”, repre-
senting differences in adaptation to diet. Also HAUTIER et al. (2011) found a “significant
variation and differentiation among hystricognathous rodents that are characterized by
distinct diet or habitat”. Following this reasoning, the hystricognath condition of the
Tsaganomys lower jaw should not be used as a phylogenetic character, but interpreted as
the morphological expression to diet.

Tsaganomys is always considered to have had a fossorial lifestyle (Woobp 1970,
1974; BRYANT & MCKENNA 1995; WANG 2001), and similarities between the skull of
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Tsaganomys and the bathyergids skull has led many researchers to interpret Tsagano-
myidae as an early Bathyergidae (among others MATTHEW & GRANGER 1923; DAWSON
2003). Typical skull characters for a subterranean and fossorial lifestyle are a broad
skull with wide cheekbones, the upper incisor extended near the orbit, a narrow orbital
distance, a forward-sloping occipit and a triangular braincase. The lower jaw is enlarged
and has a very strong coronoid process.

To interpret the life-style of Tsaganomyidae, COURANT (2004) used a morphometric
method to compare Tsaganomys altaicus and the extant Heterocephalus glaber, a mem-
ber of the Bathyergidae. H. glaber is a subterranean rodent from eastern Africa, and
uses its incisors for burrowing passages (chisel-tooth digging). COURANT interprets the
similarities with the skull of Tsaganomys as indicative of a similar adaptation to a sub-
terranean lifestyle, a so-called “shape convergence”, implying that skull morphology is
highly constrained by environmental factors and especially by locomotion. In his view
the burrowing technique of Zsaganomys was to bite the substrate with the upper and
lower incisors (like the chisel-tooth digging of Heterocephalus glaber) and by headlift
digging. Tsaganomys was thus not a claw-digging animal, which was also concluded
earlier on basis of the postcranial skeleton by VINOGRADOV & GAMBARYAN (1952).

For Tsaganomys COURANT (2004) thus suggested a subterranean and digging lifestyle.
This is not contradicted by the size of the eyes of Tsaganomys, which must have been
quite small, a typical fossorial or subterranean adaptation. However, following MUCH-
LINSKI (2008), the absence of a large infraorbital foramen (IOF) indicates that they are
neither blind nor constantly living in subterranean burrows. MUCHLINSKI, in his study
on the tissues running through the IOF, observed that the IOF only contains an infraor-
bital artery (IOA) and an infraorbital nerve (ION). The nerve is always the largest of
these two, indicating that the artery does not play a significant role in the heating of the
face. The ION is the nerve for ‘mystacial vibrissae’, connected to the whiskers, which
are “necessary for spatial exploration and tactile object recognition tasks”. Nocturnal
species and subterranean species have more of these nerves than diurnal species since
they highly depend on the sense of touch and thus a large IOF is necessary (MUCHLINSKI
2008). Although the study of COURANT indicates a subterranean lifestyle for Tsaganomys,
the small IOF implies a more fossorial lifestyle. Considering all available evidence we
conclude that Tsaganomys can be seen as a rodent that was able to dig with the incisors,
but most activities were outside its burrow.

As WANG (2001) argues, the attachment of the masseter indicates a vertical movement of
this muscle, and only crushing and transverse chewing must have been possible. More-
over, the condyloid process is wide, short and knob-like. Movement of the jaw was
possible in all directions, but propalinal movement was restricted, and in combination
with the simple, cylindrical-shaped cheek teeth, this suggests a possible diet of insects
and worms (WANG 2001).

Body size of mammals is affected by a number of relevant ecological characteristics,
such as diet, climate and vegetation. Teeth can be used for body mass estimates, but
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differences in wear can influence the outcome of the predicted body mass (DAMUTH &
MACFADDEN 1990). Based on the average molar size, our data indicate that for most
species discussed here body size was largest in biozone B, although in biozone A in
Cyclomylus intermedius and in Coelodontomys asiaticus also relatively large body
sizes occurred. In biozone C body size was smallest for all species discussed. The
best known, and most used, ecogeographic principle is probably BERGMANN’s rule:
larger species, within a broadly distributed taxonomic clade, are found in colder envi-
ronments while smaller sized species are found in warmer regions (BERGMANN 1848).
Moreover, smaller sized animals have an evolutionary advantage over larger animals
when temperatures increase, since their relative surface area is larger and they are more
resistant to higher ambient temperatures (GARDNER et al. 2011). As soon as resources
become scarce, mammals show a tendency to decrease in size to become less depend-
ent on resources (Boyce 1978). Therefore, the smaller sizes in biozone C might indi-
cate changed environmental conditions, a rise in temperature or less available food
resources.

In biozone A (Fig. 16) all species are present in the Taatsiin Gol and Taatsiin Tsagaan
Nuur areas, although Tsaganomys altaicus is only found in two localities, and all species
but ?Cyclomylus biforatus are present until the end of biozone B. From that time on, the
diversity of the group steadily decreased and in biozone C1 only 7saganomys altaicus is
found. All five species were present during the Early Oligocene until ~31.5 Ma. Over the
following 3 million years, only three species were present in the assemblages and before
the end of the Oligocene at ~24 Ma the family disappeared completely.
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